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Preface 

S inee the time the IIT·JEE (Indian Institute of Technology Joint Entrance Examination) started, the 
examination scheme and the methodology have witnessed many a change. From the lengthy subjective 
probrems of 19505 to the matching column type questions of the present day, the papcNctting pattern 

and the approach have changed. A variety of questions have been framed to test an aspirant's calibre, aptitude, 
and attitude for engineering fie ld and profession. Across all these years, however, there is one thing that has not 
changed about the IIT-JEE, i.e., its objective of testing an aspirant 's grasp and understanding of the concepts 
of the subj ects of study and their applicability at the gruSHoot level. 

No subject can be mastered overnight; nor can a subject be mastered just by fonnu lae-based practice. 
Mastering a subject is an expedition that starts with the basics, goes through the illustrations that go on the lines 
of a. co~cept. leads finally to the application domain (which aims at IIsing the learnt concept(s) in problem
solving with 'accuracy) in a"highly stmcturcd manner. 

This series of books is an attempt at coming face-Io·face with the latest lIT·1EE pattern in its own format, 
which is going to be highly advantageous to an aspirant for securing a good rank. A thorough knowledge of the 
contemporary pattern of the lIT ·JEE is a must. This series of books fCalures all types of problems asked in the 
examination- be it MCQs (one or more than one correct), assertion-reason type, matching column type, or 
paragraph-based, thought-type questions. Not discounting to need for ski lled and guided practice, the material 
in the book has been enriched with a large number of fu lly so lved concept-application excrcises so that every 
step in learning is ensured fo r the understanding and applicat ion of thc subject. 

This whole series of books adopts a multi-facetted approach 10 mastering concepts by inc luding a variety of 
exercises asked in the examination. A mix of questions helps stimulate and strengthen multi·dimcnsional 
problem-solving skills in an aspirant. Each book in the serics has a s izeable portion devoted to questions and 
problems fro m previolls years' fIT-lEE papers, which wi ll help students get a feel and pattern of the questions 
asked in the examination. The best part about this serics of books is thai a lmost all the exercises and problem 
have been provided with not just answers but a lso solutions. 

Overall the whole content of the book is an amalgamation of the theme of physics with ahcad·of-ti me 
problems, which an aspi rant must follow to accomplish success in Tl T· JEE. 

B. M. S IIARM A 
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Coulomb'.s Laws and Electric Field 
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1.2 Physics for IIT·JEE: Electricity and Magnetism 

ELECTRIC CHARGE 

Electric charge, like muss, is one of the fundamentul attributes of 
the particle of which the matter is made. Charge is the physical 
property of certain fundamental particlcs (like cleetron, proton) 
by virtuc of which thcy intcnlet with the other similar funda
mental panicles. 

• Charge is an intrinsic properly of some fundamental par
ticles which accompan ies these parlicles wherever they 
exist. 

• Charge is that property of a body/particle which is respon
sible for electrical force between lhem. 

To distinguish the nature of interaction, charges arc dividcd 
into two parts: 

(i) positive (ii) negative. 
Fig. I. I shows all experiment to demonstrate that there arc 

two types of charges. 
We know that matter consists of atoms. An atom consists 

of u centrul core (callcd nuclcus) and electrons. Electrons orbit 
around the nucleus. Nucleus consists of neutrons and proiOIlS. 
Neutrons do not contain any net charge. Protons and electrons 
have equal charges, but of opposite nature. Protons are positively 
charged whilc clcctrons arc negatively charged. Protons, how
ever, are very heavy when compared with elcctrons, about 1836 
times. Protons arc imprisoned in the nucleus along with neu
trons due to the strongest binding force existing in nature called 
'strong or nuclear force'. Thus, protons do not travel from atom 
to atom. The outermost electrons may travel from atom to alOm. 
Hence, we say thut clectrons arc the basis of electricity. 

Charge on a proton or on un electron is of indivisible natllre. 
We designate this charge by +e and - e, respectively. Hence, 
charge in or on any object is always an integral multiple of the 
electronic charge. 

In a normal atom: 

i. Number of prOlOns = number of electrons. 

ii. Protons have the basic +e charge and electrons have the 
basic -e charge. . 

iii. Hence, a normal atom is electrically neutral. 

Electrons can travel from one atom to another and from one 
body to another . 

If a body loses one electron, it becomes positively charged 
with +e charge und vice versa. 

A body, however, cannot lose or gain any proton, which is 
heavy and rcmains imprisoned in the nucleus, by ordinary meth
ods. 

" ~ I ~ ., ", . , 
Note: 1Jasic ullit of charge = e, whose magnitude is equal 
to the magnitude of charge on an electron or proton, i.e., 
e = 1.6 x lO- t? C 
S.I. Ullit of charge: As mentioned above, e = 1.6 x 10-1? 

C. 111 it, e standsfor one electrollic charge which is the basic 
ullit of charge. C stands for Hcoulomb" (note the small c in 
"coulomb"), Hcoulomb" is the S.l. unit of charge. 

CHARGING OF A BODY 

Ordinarily, mutter contHins equal number of protons and elec
trons. A body can be charged by the transfer of electrons or 
redistribution of electrons. 

A body cun be churged by the trunsfer of electrons and not 
due to the transfer of protons., Why? 

It is because protons arc inside the I).ucleus and it is very 
difficult to remove them from there. Electrons lie in the outer 
shel!s and it is casicr to remove them. 

~'P"['['" Nature ofchofges acquired, 
by both glass'rods (or by Repulsion . ~ Gtn~s rod "~d both ebonite rods) ,should . Ebonlte rod 

. " be some. ,' ~~~!r Ebonlte rod ~ 
Gone\uslon: ~l,!.~e ehnrgc~ 

BotiJ the glass rods (In: I'lIbbed 
rcpct 'each other " ;'~ 

. )' Both the ebollite rods are rubbed 
wl/h silk cloth wl/iJlur 

~""'tI'" As now these arc attracting. so nature of 

Glass rod , ~ rod 

charge acquired by ebonite rod should be 
ditTerent from nature of charge acquirecl 

by gtass rod. Hence, there arc two 
kinds of charges. 

Glass rod rllbbed ConclusIon: Unlike charges attract each other 
with silk (lnd ebollite IUd 

rllbbed with fill' 
FInal ConclusIon: Like charges repct each other and unlike charges attract each other. 

Latcr on it was found that glass rod had positivc ehargc and ebonitc rod had negative charge. 
There is no th ird kind of charge. 

Fig. 1.1 
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To charge a body negatively; some electrons 8re given to it. 
To charge a body positively: some electrons are taken from it. 

WORK FUNCTION OF A BODY 

'~e amount of work to be done on a body in order to remove 
"ectron!rom its surface. Obviously it is easier to remove an 

electron from a body whose work function is lower, 
Let us see how bodies get charged due to friction: 

As shown in Fig. 1.2. let W2 > WI. 
Now, suppose A and B are rubbed together. 
Net transfer of electrons wil l take place from A to B. 
It is to be noted that mass is also affected during charging. 
(Mass of negatively charged body increases and that of posi~ 

tively charged body decreases.) 

A B 

Basically charging can be done by three methods: 
1. Friction. 2. Conduction, and 3. Induction, 

Charging by Friction 
When two bodies are rubbed together, electrons are transferred 
from one body to the ocher making one body positively charged 
and the other negatively charged. 

Example: When a glass rod is rubbed with silk, the rod be
comes positively charged while silk gets negatively charged. 
However, ebonite on rubbing with wool becomes negatively 
charged making the wool positively charged. 

Coulomb's laws and Electric Field 1 

Charging by Conduction 
The process of charging from an already charged body car 
happen either by conduction or induction. Conduction from , 
charged body involves transfer of like charges. A positivel) 
charged body can cause more bodies to get positively charged 
but the sum of the total charge on all positively charged bodic! 
will be the same as charge on initially considered charged body 

Charging by Induction 
Induction is a process by which a charged_ body can be uSttJ 
to create other charged bodies without touching them or los
ing its own charge. If a charged body is brought near a neutral 
body, the charged body attracts opposite charge and repels simi· 
lar charge present on the neutral body. If the neutral body is now 
earthed, the like charge is neutralized by the flow of charge from 
earth. leaving unlike charge on the body. Now. the earthing and 
the charging body is removed leaving the initially neutral body 
charged. The whole process is as shown in Fig. 1.3. 

PROPERTIES OF ELECTRIC CHARGE 

Quantization of Charge 
Charge exists in discrete packets rather than in continuous 
amount, i.e., charge on any body is the integral multiple of the 
charge on an electron or proton. 

Q = ±lIe, where 11 = O. 1.2, ... 

Conservation of Charge 
Charge is conserved, i.e., total charge on an isolated system is 
constant. By isolated system, we here mean II system through 

::,,'(' -: , '~ " " '~' 2t.: ~ -·"f'. . , 

-
;'A' neUtral body to be \); (,! I. Uet I po~itively chlr8~d rod is ' 
charged is mounted on : I brought near this body. Separation of 

In insullting atlnd. chugH!n lhe. body will tlke place. 
Jf: t -,0 . 

Interesting tiling here 
is th B! the rod docs nOI 

loose In cha e. 

Now, the rod is also removed. 
Negative charge spreads unironnly on 

.' 

the body. Thus, t/UI body becomes negatively charged . .' 

Fig, 1.3 
. ,. 

The body Is canhcd. Positive 
charge flow. to the canh 

I ' 
" 

~lIing is removed 
" ;, , , , , 
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1.4 Physics for IIT-JEE: Electricity and Magnetism 

the boundary of which no charge is allowed to escape or enter. 
This does not require that the amount of positive and negative 
charges separately be conserved. 

Additivity of Charge 
Total chnrge on a body is the algebraic sum of all the charges 
located unywhere on the body. While adding the charges, their 
sign must be tuken into consideration. 

For exumple, if u body has chargcs 2 C, -5 C, 4 C and 6 C 
(Fig. 1.4), then total charge on the body = 2 - 5 + 4 + 6 = 7 C. 

Note that charges ure udded Iik'c real numbers. They have no 
direction. So, chal'ge ;.1' (/ scalaI' quantity. 

., e 

• • 
- se 4e 

• ,c 
Fig. 1.4 

Charge is Invariant 
Charge docs not depend on the speed of body. 

Points to Remel1)ber 

There arc two types afforce.'; which act between two churges. 
If the churges nrc stutionury, there is only one type of force 
between them. It is culled "electric" or "electrostatic" force. It 
is given by Coulomb's luw for point churges. If the ehurges arc 
moving, then two types of forces Rct between them. The tirst 
one is the ubovc suid electric force. The other force which 
emerges due to motion is culled mugnetic force. We shull 
study mugnctic force in u luter chnptcr. 
Charge produces electric and magnetic fields and radiates 
energy: A stationury charged pnrticle produces only electric 
field in the spuce surrounding it. A charged particle moving 
without acceleration produces electric as well as magnetic 
fields . A charged particle in accelerated motion radiates en
ergy as well, in the form of electromagnetic waves. 

lIIus~raUon t.f A glass rod Is rubbed with a silk cloth. 

The glass rod acquires a charge of +19.2 x 10-19 C. 

1. Find the number of electrons lost by glass rod, 
2, Find the negative charge acquired by silk. 
3. Is there transfer of mass from glass to silk? 

Given, me = 9 x 1O-3I kg. 
Sol, 
1. Number of electrons lost by glass rod is 

q 19.2 x 19-19 
n = - = = 12 

e 1.6 x 10- 19 
2. Charge on silk = -1 9.2 x IO-19C 
3. Since an electron has a finite mass (mr = 9 x 10-31 kg), 

there will be transfer of mass from glass rod to silk cloth. 
Mass transferred = 12 x (9 x 10-31) = 1.08 x 10- 29 kg 

Note that mass transferred is ncgligibly small. This is expected 
because the mass of un electron is extremely small. 

dlhl.~tratjC)ll 1.2 Electric charges A and B attract each 
other. Electric charges Band C repel each other. If A and C 
are h(:ld close together, they will: 
1. attract 2. repel 3. not affect each other 
4. more information is needed to answer. 
Sol. 

Case 1 Case 2 
If A and IJ attract each other, If A and IJ attract each other, 
then then 
0) (n) 0) 0 1"" + ; .. ,,,, .. , I 1 .oAo~·" " ,. >'1. .. , , I 

If Band C repel euch other, If Band C repel each other, 
then then 

0 (0 (n) (C) 
I - .. , I I ' t .. , , I 

From both cases, we sec that A nnd C will be having unlike 
churges. Hence, if the charges A and C are held together, they 
will attract each other. 

JIIustl'8tionl.3 If an object made of substance A Is 
rubbed with an object made of substance B, then A becomes 
positively charged and B becomes negatively charged, If, 
however, an object made of substance A is rubbed against 
an object made of substance C, then A becomes negatively 
charged. What will happen If an jlbJect made of substance 
JJ Is rubbed against an object made of substance C? 

1. B becomes positively charged and C becomes positively 
charged, 

2. B becomes positively charged and C becomes negatively 
charged, 

3, R becomes negatively charged and C becomes positively 
chllrged, 

4. B becomes negatively charged and C becomes negatively 
charged. 

Sol, 3. When A and B arc rubbed, A becomes positively charged 
and B .becomes negatively charged. It means 

• Electrons are loosely bound with A in comparison to B. 
When A and C are rubbed together, A becomes negatively 
charged and C positively charged. It means 

• Electrons are loosely bound with C in comparison to A. 

• Hence, in C electrons arc most loosely bound. 
So, if the objects Band C are rubbed together, C wil1100se 
electrons and B will receive electrons. 

• Hence, C wm become positively charged and B will be
come negatively charged. 

lIIustrlltion 1.4 Objects A, Band C are three identical, 
insulated, spherical conductors. Originally A and B both 
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+3 mC, while C has a charge of -6 mC. 
'C are allowed to touch, then they are moved 

" objects Band C are allowed to touch before 
.oved apart. 

. ·Ject.§ A and B are now held near each other, they will 
"sttract b. repel c. have no effect on each other. 

':i Instead objects A and C are held near each other, they 
will 
a. uttract b. repel c. have no effect on each other. 

Sol. 

Initially o o 
+3mC +3mC -6mC 

• When the objccts A and C are allowed to touch and then 
moved apart: 

o 
({+ 3 mC + (-6 mC). -3 mCI 

3me --,- J 
-- mC , 

• When the objects 8 and C are allowed to touch and then 
moved apart: o 0 0~0 
[<+3mC)+(-ime)-+imc] +~mc +~mc 
Hence, if A and B are now held near each other, they will 
attract each other. 

• If A and C are now held near each other, they will also 
attract each other. 

Illustration 1.5 Figure 1.S shows that a positively 
charged rod Is brought near two uncharged metal spheres A 
and B attached with Insulated stands and placed In contact 
with each other. 

1. What would happen If the rod was removed before the 
spheres are separated? 

2. Would the Induced charges be equal In magnitude even If 
the spheres had different sizes or different conductors? 

3. What will happen If the spheres are separated first and 
then the rod Is removed far away. 

Fig. I.S 
Sol. 

1. When a positively charged rod is brought near A, the free 
electrons in the sphere A are attracted to the rod and move in 
the left side of A. This movement leaves unbalanced positive 
charge on B. If the rod is removed before the spheres are 
separated, the excess electrons on sphere A would flow back 
to B. Both the spheres will become uncharged. 

== 
(.) 

Coulomb's Laws and Electric Field 1.5 

~=-A · 8\ ·- "A , ,'8 , 00~
· . 

......±..±..V __ + ,_ t ':" ~ 

==== 
(b) (e) 

Fig. 1.6 

2. Yes, net charge is conserved, Before the rod is brought near 
A. both A and B were neutral, They will remain so even if 
they have different sizes or materials. 

3. If the rod is removed after the spheres are separated, the 
sphere A will huve net negative churge and sphere '8 will 
have net positive charge of same magnitUde. 

ConcepHppltcatfon Exercise 1.1 , , 

1. a. How many electrons are in I coulomb of negative 
charge? J 

b. Which is the true test of electrification, attraction or 
repulsion? 

c. Can a body have charge of 0.8 x 10-19 C? 
2. Find the unit and dimension of permittivity of free space, 
3. If only one charge is available, can it be used to obtain a 

charge many times greater than it in magnitude? 
4. a. Can two bodies having like charges attract each other? 

(Yes!No) 
b. Can a charged body attract an uncharged body? 

(YeslNo) 
c. TWo identical metallic spheres of exactly equal masses 

8re taken; one is given a positive charge q and the other 
an equal negative charge. Their masses after charging 
are different. Comment on the statement. 

S. A particle has charge of +10- 11 C. 
a. Does it contain more or less number of electrons as 

compared to the neutral state? 
b. Calculate the numberof electrons transferred to provide 

this charge. 
6. An ebonite rod is rubbed with fur. Theebonite rod is found 

to have a charge of -3,2 x 10-' C on it. 
a. Calculate the number of electrons transferred. 
b. What is the charge on fur after rubbing? 

7. The electric charge of macroscopic bodies is actually a 
surplus or deficiency of electrons. Why not protons? 

8. A charged rod attracts bits of dry paper which after touch
ing the rod. often jump away from it violently. Explain. 

9. A person standing on an insulating stool touches a charged 
insulated conductor. Will the conductor get completely 
discharged? 

10. An electron moves along a metal tube with variable cross 
section. How will its velocity change when it approaches 
the neck of ilie tube (Fig. 1,7)? 
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1.6 Physics for IIT·J EE: Electricity and Magnetism ' 

0-
\.'----

____ I 
Fig. 1.7 

11. Define the following statement "If there were only one 
electrically charged particle in the entire universe, the con· 
cept of electric charge would be meaningless". 

COULOMB'S LAW 

The force of interaction between two point charge.~ is propor
tional to the product of magnitudes of the two charges and in
versely proportional to the square of distance between them. 

.~ " 1,. I. " 

Fig. 1.8 

Let two point electric charges ql and q, are at rest, separated 
by a distance r, then they exert a force on each other which is 
given by 

F=k
q1q2 

" where k is a proportionality constant known a" electrostaticforce 
constant, 

If between the two charges there is free space (or vacuum), 

then k = - 1- = 9 x 109 Nm2 C- 2 (in Sl units) 
411'&0 

I 
where 60 = -- = 8.85 x 10- 12 C2N-1m-2 is the absolute 

4d 
electric permittivity of the free space, 

So, force between two charges is given as F = _1_ Q,Q,2 (i) 
411'60 r 

Equation (I) is applicable only for point charges placed in 
vacuum, Now, what happens if the twq charges are placed in 
some medium? 

In a medium, the force is given as: F' = k,ql:2 (ii) , 
where k' = -4' and in this 6 is known as absolute electrical 

rrt 
permittivity of medium. 

Then, F' = _ 1_ qlq2 (iii) 
4 1t B r2 

The ratio!... = 6 r is known as relative electrical permittivity 
'0 

of medium. 
It is also known .as dielectric constant and denOied by K, , 
So, - = B, = K 

'0 
The value of K for different materials: Vacuum = 1, 
air = 1.006 1, glass = 3 to 4. water = 81, conduCtor = 90. 

In gener~l K 2:. I 

N f (.) d ("') F' '0 1 ow, rom I an 111 :F=e = K =-
means when the charges are placed in a medium, • 
creases K times. 

F ' 
Also, K = F" So, the dJelectric constant ofa medium , 

defined as the ratio of force between two charges when the; 
placed in vacuum to that when they are placed in that med, 
at same separation. 

Note: , , 
• Coulomb's law is not vo'lidjor distanc, ! '< lO;;~~ ~' l ~ 
• Elffctroslatic jorces are comparativelYlstronger than 

, gr~vlt~~jonaljor,~~s. Qan. y~u. show Ih(s ? ~oIj.Jq~l~~ .;~ 

(As an example-when we hold a book in our hand, electric 
force between hand and the boqk is sufficient to balance the 
gravitational force of earth on the book due to entire earth.) 

Iii 

,. . '., "1,."',''''. ! '"1',. 

i ".:j ~ 'n't· Some Importont Pofnts " 
J I· ., 

,. Coulomb's law is applicable only for point charg~ . 
.;. • Coulomb's law is similar to Newton's gravitational 

'
law and !?ath obey inverse square law. ",,.., • 

" r " Ie.;' " 1 \. t:.., 
• Coulomb's law obcys New.t?n's. trnr.d, IIlW' ;~ '~l' fthe 
If" forces exerted by the two charges on each, other are 

' eq~al a:ndopposit'e, .,1. " , L 1,!:.I'.1 .. \1 
1 • '.1 • I WI. 

• This force acts along the line joining the two particles ' 1 

(~ll1 led central force). ".' >t { • j 
• ~Iectro.static. force is a consen:~iive (oree: ' ., I) ~ _ 

~H I·.:.ht ll:, .rH!/',,: h It.llf,,l, *; ,dl' ~,~ ~t~lj}. 

COULOMB'S LAW IN VECTOR FORM 

Let q l and q1. be two like charges placed at points A and B, 
respectively, in vacuum. 

y 

~2 

" A , 
" 

q, 

B 
, 

" 
F;1 , 

, 
FIg. 1.9 

;1 is the position vector of point A and'1. is thc position vecto] 
of point B. . 

Let; is vector from A to B, then; = ;2 - ;1 andr = 1;2 - ;11 
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~.-----

,~ '~. '. . -' 

Let F21 be the force on charge q2 due to ql ; and 

FI2 be the force on charge ql due to q2. 

From Fig. 1.9, it is clear that F21 ~nd 1'12 are in the same 
di rection, so 

F21 = _ 1_ qlq2 1' = _1 _ qlq2 ~ = qlq2 ; 
4:rr £o ,2 4 11" £0 r2 r 4 11"£0 r 3 

~ q lq2 ;2 -'I ::::} F2 1 = -- _ _ 3 
4:rr8o Ir2 - rl l . 

The above equations give the Coulomb 's law in vector form. 
As we know that charges apply equal and opposite forces on 

each other, so we have 
F _ ql q2 ' 1-'2 

11 - 4 - - 3 
"£0 Irl -r21 

Also, the forces due to two point charges arc parallel to the line 
joining the point charges; such forces are called central forces 
and so electrostatic forces are conservative forces . 

Superposition Principle 
, It enables us to culculale the force acting on a charge due to more 

than one charge. 
According 10 superposition principle, the 10lal force on a 

given charge is vector sum of all Ihe indlvidual forces exerted 
by each of Ihe other charge. 

F= Fl + F2 +,, ·+FII 

Another important point is that the force between two charges 
remains unaffected due to the presence of a third charge. 

q, 
o-

F, 

o +-----:if'------o" 
F, 

" _0 
F, 

Fig. 1.10 

Note: 

• Coulomb's law and principle of superposilWn to· 
gether can explain whole of the electrostatics . 

• Both Coulomb's law and GraviJationallaw describe 
inverse square law that Involve a property olinteract •. 
ing particles-the charge in lQ~e case and mass in the 
other case. " 'J.' 

IIIl1stnttioll 1.6 Two identical conducting spheres 1 and 

2 carry equal amounts of charge and are fixed a certain dis· 
tance apart that is large compared with their diameters. The 

Coulomb's l aws and Electric Field 1.7 

spheres repel each other with an electrical force of 88 mN. 
Suppose now that a third Identical sphere 3 having an In· 
sulating handle and initially uncharged, is touched ~rst to 
sphere 1 then to sphere 2 and finally removed. Find the force 
between spheres 1 and 2 now shown In figure d. 

i' -F 

J @ 
<1---0 CD-!> 

(.) (b) 

(i) 
r - F' J <1---0 CD-!> 

(0) (d) 

Fig. 1.11 
kq' 

Sol. Ini tiul force between' I' and '2 ' F = - 2 = 88 mN 
r 

Charge on' I' af;er sphere '3' is touched with ' I' = ql2. Same 
charge will be on sphere '3 ' also. 

Charge on '2' after sphere '3' is touched with '2'= 
q + ql2 3q 

2 =4 
Now, force between ' I ' and '2' in situution d: 

F' = k(qI2);3q/ 4) = ~ kq,' = ~ x 88 = 33 mN 
r S r 8 

llIu!ilrutinn 1.7 Two Identical He·fllled spherical bal· 

loons each carryIng a charge q are tied to a weIght Wwlth 
strIngs and float In equilibrium as shown In Fig. 1.12(8). 
Find: 

1. the magnitude of q, assuming that the charge on each 
balloon acts as If It were concentrated at the centre. 

2. the volume of each balloon. 

,.m B 

Tsin8 
F+m-<glt-+ .£ - i --; _. 

T I 
I 

• 
(. ) (b) 

Fig. 1.12 

Sol. 1. 2T cosO = W, T sinO = F {Fig. J . J2(b)J 

::::} tan O =f... ::::} F=WtanO 
2 W 2 

w 

q2 Wtan9 
::::} 2 = 2 ::::} q=/SWtan O:rr eox2 

411'eo (2x) 
W 

2. T cas 9 +mg = B::::} '2 + VPHeg = Vpng 

W 
V = ;;-;-:--'.'-:-.,." 

2(Pn PHe)g 
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1.8 Physics fOT IlT-JEE: Electricity and Magnetism 

IlIu'ilmtioll 1.8 Two particles, each having a mass or 5 g 

and charge'10-7 C, stay In limiting equilibrium on a horl· 
zontal table with a separation or 10 cm between them. Find 
the coefftclent of friction between each particle and the table, 
which Is same between each particle and table. 
Sol. Friction force f will balance the electrostatic repulsion, 

q' 
i.e., f = F =} j.Lmg = - , 

411'Eor 

;--a.-..! 
Fig, 1,13 

S 9 x 109 X (10-'),2 
=>ILX 1000 x 10= (0.10)2 => 1L =0.18 

IIIIl'itmtioll 1.9 : A particle of mass m carrying a charge 
-ql startS movIng around a flxed charge +91 along a circular 
path of radius r. Prove that period of revolution T of charge 

16ft'3'omr3 
-9, II liven by T CIII 

9192 
Sol. Electrostatic force on -ql due to q2 will provide the nec
essary centripetal force, hence 

kqlq2 = mv
2 => v = jkq1q2 

r 2 r mr 

2", Now,T=-= 
u 

Fig, 1.14 

lllu\ II'u tioll 1. 10 1 Conllder three charges 91, q1 and 93, 

each equal to q, at the vertices of an equilateral triangle of 
side I. What Is the foru on a charge Q placed at the centroid 
of the triangle? 

3 Qq ./3 Qq ./3 Qq 
I, -4- -" 2, 2-- -" 3, 4-- -,1 4. zero K'O "'0 "'0. 

Sol. Method 1. The resultant of three equal coplanar vectors 
acting at a point is zero if these vectors fonn a closed polygon - - -(Fig. 1.15). Hence, the vector sum of the forces Fl, F2 and F3 
is zero. 

Method 2. The forces acting on the charge Q are 
.... 1 Qq!-. 
F\ = force on Qduetoq\ = --AO' AO 

411'£0 

12,. 

12,. 

Fig, 1.15 

Fig, 1,16 

-

120· 
" 

c 
" 

F2 = force on Q due to q2 = _1- Qq, 80 
411'60 B02 -F3 = force on Q due to q) = _1_ Qq, CO 
411'60 C02 

.... .... ...,. .... 
The resultant force is FR = FI + Fl + F) 

= -4
1 

Qoq, (AO +80 +CO)=O 
:rr60 A 

(as Iqil = l'hl = Iq,l and I~I = I~I = I~I) 
Also, ~ + SO + ~ = 0 because these are three equal 

vectors in a plane making angles of 1200 with each other. -Method 3. The resultant force E F is the vector sum of indi-
vidual forces 

LF=FI+ F;+;3 or 

~ .Fx,"= Fix + F'2.x + F311 

= 0 + F'l cos 30° - F3 cos 30" (i) 

y 

F , 

Fig, 1,17 

And E f, = Fly + F2y + F3y 

= - F\ + 'F2 sin 30° + F3 sin 30e (ii) 

AslF, l = IF'l l = 1F31= IFI(say),theequations(i)and (iI) 
become -I: FJ{ = 0 and E F, = O. Hence, resultant force E F = O. 
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IIll1slratiun 1.11 ! Point charges are placed at the vertices 
of a square of side a as shown In Fig. 1.18. What should be 

sign of charge q and magnitude of the ratio ! .~ I so that: 

1. netforce on each Q Iszero? 
2. net force on each q Is zero? 

Is It possible that the entire system could be in eleetrostatlc 
equilibrium? 

Q q , 

""""'" 

" 
" q Q 

FIg. 1.18 

Sol. 

1. Consider the forces acting on charge Q placed at A (shown 
in Fig. 1.19(a) and (b») 
Case 1. Let the charges q and Q are of same sign. 

- F; - F, 

!\ Q , q Q F; a F, B A B 
A , , , , , , , 
a , a , , , , , , , , 

D C 
q a 

Q 
(. ) 

(q and Q are of same nature) 
Here, nel force e&nnol be zero. 

• F; ~,' 
" " '~ , 

a '" ~ ... o,. a 
' ,< , , , , , 

D C 
q a 

Q 
(b) 

(q and Q are of opposite nature) 
Here. nel force can be zero. 

Fig. 1.19 
, qQ 

Here, FI = - - --
41%"Eo a2 

, qQ 
F2=----

4JTEo a2 

, QQ 
F)= - - --

4JT Eo 202 

{force of qat Don Q at A} 

{forceofq at B on Q at A} 

{forceof Q at C on Q atA } 

In Fig. l.1 9{a), resultant of forces Fl and F2 will lie 
along F3 so that net force on Q cannot be zero. Hence. q and 
Q have to be of opposite signs. 

Case II. Let the charges q and Q are of opposite s!$n. ~ 
In this case, as shown in Fig. 1.19(b), resultant of Fl and F2 
will be opposite to F) so that it becomes possible to obtain a 
condition of zero nct force. 

Let us write FR = FI + F2 

.. FR = JFr+Fi=-41 q~..,fi 
JTEO a 

Direction of FR will be along AC (FR. being resultant 
of forces of equal magnitude, bisects the angle between the 

Coulomb's Laws and Electric Field 1.9 

two) FR and F3 are in opposite directions. Net force on Q 
can be zero If their magnitudes are also equal, i.e" 

~ qQ -/2 = _ 1- QQ or _ Q- (-/2q - Q) = ° 
41%" 60 a2 47t So 2a 2 41%"80a2 2 

~q = 2~ => I~I = 2~ IQ "0) 

.', The sign of q should be negative. 

2. Consider now tOe forces acti ng on charge q placed iu B (see 
F;g. 1.20(,) ,nd (b)). 

In a similar manner, as discussed in I , for net force on q to 
be zero, q and Q have to be of opposite signs. This is also 
shown in the given figures. 

F; -tJ' Q 
q -A , B , , , , , , , , , , , , , , , 

D C 
q Q 

(.) 
(q and Q are of same sign) 

Here. net fon.:e eannot be zero. 

F, 
F; q 

A B -F, , .. ;-
/ / ./"i'l.-
/~ ... , , , 

D a C 
q Q 

(h) 
(q and Q Irc of opposite sign) 
Here. net forCc eould be zew. 

-F, 

Fig. 1.20 
, Qq 

Now, PI = - --- {forceofQatAonqatB} 
411'"80 a2 

, Qq 
F2 = - - - - {force of Q at C on q at B} 

4JT8o 'a2 

, q' 
F3=-- -- {forceof qatDonqatB} 

4 lT EO 202 

Referring to Fig. 1.20(b), let us write FR = FI "+ Fl 
.. FR = !Fr+Fi = -1- Q;..fi 

" 4rrEo a 
Resultant of FI and Fl. i.e .• FR. is opposite to Fl . Net 

force can become zero if their magnitudes are also equal, i.e .• 

_ 1- Qq -/2 = _ ,_ L 
41l" Eo a 2 4rr6'o 2a2 

=>Q = ....L => 
2-/2 

=> -q - (-/2Q - ~) =0 
4n toa2 2 

I ~ I = 2-/2 Iq" 0) 

.'. The sign of • q' should be negative. 
In this casc, we need nOI to repeat the calculation as the 

present situation is same as previous one; we can directly 

write I ~ I ~ 2-/2 
3. The entire system cannot be in equilibrium since both condi

tions. i.e .• q = - Q r,:; and Q = - q r,:; cannot be satisfied 
2 ..... 2 2 ...... 2 

together. 

Illustration 1.12 Two idenHcal small charged spheres, 
each having a mass m, hang in equilibrium as shown in 
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1.10 Physics for lIT·JEE: Etectricityand Magnetism 

Flg.I.2l(a). The length of each string is I and the angle made 
by any string with vertical Is 8. Find the magnitude of the 
charge on each sphere. 
Sol. The forces acting on the sphere are tension in the string T; 
force of gravity, mg; repUlsive electric force, Fl . as shown in the 
free body diagram of the sphere (Fig. 1.21(b)), The sphere is in 
equilibrium. The forces in the horizontal and vertical directions 
must separately add up to zero .. 

EF .. =Tsin9-F,=O (i) 

L Fy = T cos8 - mg = 0 
"" 

i~1 
qcf~:J." b q 

14 r .. I 

(.) 

Fig. l .ll 

(ii) 

~
" T 

F, 
mg 

(b) 

From equation (ii), T = mgl!' Thus, we can eliminate T 
cOSu 

from equation (i) to obtain 
kq' 

F, =mgtan8 or-2 =mgtanB (iii) , 
I . 

where k = -4- and r = 21 smB. 
rr,o 

I q' 
Theequation (iii)nowreducesto-- . 2 = mg tan 8 

r-------:- 411'" eo (21 sin 8) 

orq = / 1611'"£0/2mg tan8 sinl e 

Illustration 1.13 Two identical balls each having a density 

p afe suspended from a common point by two insulating 
strings of equal length. Both the balls have equal mass and 
charge. In equilibrium, each string makes an angle 9 with 
the vertical. Now, both the balls are immersed in a liquid. As 
a result, the angle 0 does not change. The density of liquid is 
(1. Find the dielectric constant of the liquid. 
Sol. let V is the volume of each ball. then mass of each ball: 

m= p V 
When the balls 3 11.: in air, from previous problem, 

F 

F:::: mgtan 8 = p Vg tan 8 

L 
r. {J ,6 T 

X- 1Lsin9 

pVc p Vc 
(.) 

F 

(PV" - crY,. ) (pV, - a V, ) 
(b) 

Fig. 1.22 

(I ) 

. It.! balls are suspended in liquid, the Coulombic fo rce 
is rl~ ... . u to F' = F / K and apparent weight:: weight-upthrust: 

W' = (pVg - O' Vg). 
According to the problem, angle 09 is unchanged. So, 

F' = W'tan9 = (pVg - a Vg) tan8 
From equations (i) and (ii), we get 

(ii) 

!....=K= p Vg = 
F' pVg - aVg 

p 

p-a 

J11l1str~tion 1.14 Three particles, each of mass 'm' and 
carrying a charge q each, are suspended' from a common 
point by insulating massless strings, each of length 'L t, If the 
particles are in equilibrium and are located at the corners of 
an equilateral triangle of side 'a', calculate the charge q on 
each particle. Assume L > > a. 

Sol. From Fig. 1.23(b), for equilibrium of a particle along a 
vertical line, 

Tcos8 = "'8 (i) 
While for equilibrium in the plane of equilateral triangle, 

r. sin () = 2F cos 30° (ii) 
So, from equations (i) and (ii), we. have 

mg 

./3F 
tan () = -

"'8 

~,: 

~\> i 
, ' 

T h: 
Fnot - -

A
-""- - - - - - - -- - - --~ 

mg . 
(.) 

A ' 
R. 

B F ... - 2Fcos30· 

(bl (0) 

Fig. 1.23 

Here, F = _)_q,2 and tan 9 = OA = OA 
411' £0 a OP J L2 _ OA2 

Also, from Fig. 1.23(c) 

2 2. 60 a OA = - AD = -a sm 0 = -
33./3 

(a /./3) a 
So. Ian 8 = =( ) {as L »a} 

} L2_ (a'/3) ./3 L 

(iii) 

On substituting the above values of F and tan 9 in equation 
(ii i), we get: 

a ../3 q2. [ 471' £oa3mg ] '" 
(./3) L = mg 411' £002' I.e., q = 3L 

A thin fixed ring of radius 'a' has a pos
itive charge 'q' uniformly distributed over it; A parUcie of 
mass 'm' and having a negative charge' Q' is placed on the 
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axis at a distance of x (x < < a) from the centre of the ring. 
Show that the motion of the negatively charged particle Is 
approxImately simple harmonic. Calcula te the time period 
of oscillation. 

+ 

+ 

+ 
- Q 

~I A 

+ \ 
+ 

+ 

Fig. 1.24 

Sol. The force on the point charge Q due to the e lement dq of 
the ring 

I dq Q 
dF = - - --,- along AB 

4 .1t' 80 r 
As for every element of the ring there is symmetrically situated 
diametrically opposite element, the components of forces along 

. the axis will add up while those perpendicular to it will cancel 
each other. Hence, nel force on the charge - Q is 

F = / dFCOSO = cosO / dF; 

F = ; / 4~80 [ - Qr~q ] 
S F 1 Qx f d 1 Qqx ( i) 

0, = - 4 11" 80 ~ q = - 4 7r80 (0 2 +x2)3/2 

{as r = (02 + X2)1/2 and J dq:::: ql 
-ve sign shows that this force will be towards the centre of ring. 

As the restoring force is not linear, the motion will be oscil
latory. However, if x «0 so that x 2 «02, 

F= __ I_Qq x = -kxwithk:::: ~ 
4 7r80 a J 47r8oa 1 

i.e. , the restoring force will become linear and so the motion is 
simple hannonic with ti me period 

27r rm 
T =-;;;=21rV-;;::::21r 

Illustration 1.16 The field lines for two point charges a re 
shown in Fig. 1.25. 

' E 

Fig. 1.25 

CouLomb's Laws and ELectric Field 1.11 

1. Is the field uniform? 
2. Determine the ratio qA. 

q. 
3. What are the sign of qA and q B? 
4. Apart from infinity, where is the neutral point? 

5. If q A. and q B are separated by a distance 10(./2 - 1) em, 
find the position of neutral point. 

6. Where will the lines which are not meeting at q B meet? 
7. Will a positive charge follow the line of force If free to 

move? 

Sol. 

1. No. 

2. Number of lines coming from or coming to a charge is pro
portional to magnitude of charge. so 

q ... = ~ =2 
q. 6 

3. q ... is positive and q B is negative. 

4. C is the other neutral point. 

5. For neutral point E ... = E 8 

1 q,;. qB 

41r8o (l+x)2 = 411"1'0 x2 

A B EB C 
Gl· .. ····················· G ··· +-Q-> 
I~ 

I '"-,-~ E, 

Fig. 1.26 

(
I+X)2 = q), = 2 ~ x =lO cm 

. x q8 

6. At infinity. 

7. No, as lines of force are curved, the direction of velocity and 
acceleration will be different. Hence. a charge cannot fo llow 
strictly the line of fo rce. 

Concept Application Exercise 1.2 

1. a. A negatively charged particle is placed exactly mid
way between two fi xed part icles having equal positive 
charges. What will happen 10 the charge: 
i. if it is displaced at right angle to the line joining the 

positive charges? 
ii. if it is displaced along the line jo ining the positive 

charges? 
h. Does the Coulomb force that one charge exerts on other 

charges change if the other charges are brought nearby? 
(Yes/No) 

2. a. Does an electric charge experience a fo rce due to the 
field produced by itself? (Ycs/No) 

b. Two point charges q and -q are placed at a .d istance 
d apart. What are the points at which resul tant electric 
fi eld is parallel to line. joining the two charges? 

3. Two negative charges of a unit magnitude and a positive 
charge 'q' ure placed along a straight linc. At what position 
and value of q will the system beinequ il ibrium? (Ncgat; 
charges are fi xed.) 
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1.12 Physics for IIT.JEE: Electricity and Magnetism 

4. Fig. 1.27 shows three arrangements of an electron e and 
two protons p (D > d). 
a. Rank the arrangements according to the magnitude of 

the net electrostatic force on the electron due to the 
protons, largest first. 

_ D __ _d_ 
o c , 
, p p 

(.) (b) 
, D P 

:~ 
Fig. 1.27 

b. In situation c, is the angle between the net force on 
the electron and the line labeled horizontal less than or 
more than 45"? 

S. Fig. 1.28 shows two charge particles on an axis, The 
charges are free to move, At one point, however, a third 
charged particle can be placed such that all three particles 
are in equilibrium. . 

~ 
- 3q + q 

Fig. 1.28 
a. Is that point to the left of the fi rst two particles. to their 

right, or between them? 
b. Should the third particle be positively or negatively 

charged? 
·c. Is the equilibrium stable or unstable? 

'6. 'In Fig. 1.29. a central particle of charge -q is surrounded 
by two circular rings of charged particles, of radii rand 
R, with R > r. What is the magnitude and direction of 
the net electrostatic force on the central particle due to 
the other particles? 

-7q 

Fig. 1.29 

7. Fig. 1.30 shows fou r situations in which particles of charge 
+q or -q are fixed in place. In each, the particles on the 
x-axis are equidistant from the y-axis. The particle on y
axis experiences an e lectrostatics force F from each of 
these two particles. 

a. Are the magni lUdes F of those forces the same or 
different? 

b. Is the magnitude of the net force on the particle on 
y-axis equal to, greater than, or less than 2F? 

c. Do the x components of the two forces add or can
cel? 

d. Do their y components add or cancel? 
e. Is the direction of the net force on the middle particle 

that of the canceling components or the adding com
ponents? 

f. What is the direction of that net force on the middle 
particle? 

y y 

+q - q 

, , 
+q +q +q +q 

(.) (b) 

Y Y 

+q - q 

, , 
+q -q +q -q 

(,) (dl 

Fig. 1.30 
8. Force between two point electric charges kept at a distance 

'd' apart in air is F. If these charges are kept at the same 
distance in water, the force between the charges is F'. 
The ratio Fit F is equal to __ _ 

9. Two small balls each having charge q are suspended by 
two insulating threads of equal length L from a hook in an 
elevator. The elevator is freely falling. Calculate the angle 
between the two threads and tens~on in each thread. 

10. Suppose we have a large number of identical particles, 
very small in size. Any two of them at IO cm separation 
repel with a force of 3 x 10- 10 N. 
a. If one of them is at 10 cm from a group (of very small 

size) of n others, how strongly do you expect it to be 
repelled? 

b. Suppose you measure the repulsion and find it 6 x 
10- 6 N. How many particles were there in the group? 

ElECTRIC FIELD 
If we place a single charge q at some point in space, it will 
experience no force. But jf some other charge (say Q) is placed 
near it, q will start experiencing a force given by 

F ~ kQq 

" 
• , • 
Q q 

Fig. 1.31 

Now, question arises, how does Q apply a force on q or hov. 
does q know the presence of Q when there is no direct contaCl 
between them. 

Basically, the force between two charges can be seen as a tW{ 
step process: 

1. First ly, charge Q will create something around itself knowl 
as electric field. 
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2. Any other charge p'article like q if placed at some point in 
that field will experience a force. 

Or we can say that charges interact with each other through 
electric field . 

So, we can define electric field as Ihe space around a charge 
hz which its influence call .befelt by allY otherclwrged particle. 

o "0 
()-'4 

8 

. 
/' 

(a) How docs chllrged body A 
eKen a fo,-,;e 011 chll'1,'ed body B'! 

(b) Relnove body B ~nd lllbc l 
i!~ former position as P. 

o _ f~ 
E= -
~ F~ 

Test 
chargc '/0 

A 

(c) Body A sets lip an elc.::lric field t: llt point P. 
£ is the (OfCe per unit charsc e~cl1cd_ 

Fig. 1.32 

How to Measure Electric Field 

Strength of ciectric field at a point in space can be measured in 
two measureable quantities: 

1. Electric field intensity denoted by E. It is a vector quantity. 

2. Electric field potential denoted by V. It is a scalar quantity. 

We will first discuss them scparatcly and then we will sec 
what is the relation between them and how to obtain them from 
each Dlher. 

Electric Field Intensity E 

How to find electric field intensity E a t It point? 
General method: Electric field intensity, E, is a vector quantity. 
At a point in a given space it has both magnitude and di rection. 
Let us calculate E at some point P created dllc to some charges 
around P. Bring another small charge qo (Iesl charge. genera lly 
positive] at point P. Let Ihis charge experiences a force F, then 
we define electric field intensity at P as force cxpericnced per 
unit test charge (Fig. 1.33). 

.0' 
p 

Fig. 1.33 

~ F ~ ~ 
E == lim -. The di rection E will be same as that of F. 

'11) --->0 qo 

Note: Q. Why the magnitude of test cltarge is Jeept small? 
Ans. Because otlterwise it may disturb tlte original charge 
distribution and thell we will get electric field due to dis
turbed configuratiotl and lIot origillal. 
Q. What is the minimum possible value oj qo? 
Ans. 1.6 x 10-19 C 

Coulomb's Laws and Electric Field 1.13 

Unit or E: N/C (newton pcr coulomb) 
Force M LT- 2 

Dimensional formula of E: -Ch ~ ---"==-.,,--
argc ampere x time 

Note: If a test charge experiences IJO force at a poim, the 
electric field at that point must be zero . 

Electric field due 10 a point charge is illustrated in Fig. 1.34. 

(i) Positi ve point chargc . , .~ 
+ Q r P E 

E ~ -'- .g away from the charge 
41tEo r 

(ii) Ncglltivc point charse 

• 

Ele<:zric field dllc 
to a point charge 

is spherically 
symmetric 

" . 
E P 

towards the charge 

Fig. 1.34 

A Point Charge in an ELectric Field 

What happens if a point charge q is placed at any point in an e lec
tric ficld which is produced by some other stationary charges. 
Let this electric field is E. Charge q will experience a force. let 
this forc~ is j. .. Then, value of electric fie ld at that point must be 

• F 
E = - ~ F=qE.ThisistheforceonqbyE. 

q 
Direction of j.': The direction of ;.' will be same as of E if q is 
+ve .md oPl>osile if q is - vc (Fig. 1.35). 

• 
• 

(n) Positive charge '10 placed in an 

electric field: fon;c on qo is in 

samc diTC'CIion as f . 

• 

• 
(b) Ncgative charge '10 placed in an 

e le<:tric lield : force on qo is in 

oppositc di rcction as E. 
Fig. 1.35 

Note: q has no contribution ill E. A charge particie is 
not affected due to its own field. It means a charge particle 
can experience Jorce due to field produced by other charge 
particles, but not due to field produced by itself 

Electric Fjeld Intensity due to a Point Charge in PosWon 
Vector Form 

w Q{r-To) 
Electric field Ht P due to charge Q: E = 3 

4;rr to IT - Tol 
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1.14 Physics for IlT-J EE: Electricity and Magnetism 

y 

Q 
; - 1"0 

" 
P 

, E 

" 

, 
Fig. 1.36 

If a charge q is placed at P, then force on this charge by Q: 

F=qE 
F = ~q,-,Q,-,,(r_---,i~o~) 

4 lTEO Ir - r ol3 

Electric Field Intensity due to a Group of Charges 

Using the principle o f superposi tion, net fie ld at point P (see 
Fig. 1 :37) 

" 

=> 

• 

• 

7, 

E=EI+El+ ··· +E" 
~ I ql I q2~ I qU A 
E = - - "2r l + ' - -"2'2 + ... + - - 2'" 

41l' Eo ' l 4lTEO 1'2 4lT EO ' " 

E - _I_ ~ q; i 
- 4lTEO ~ , 2 ' 

i .. ' ' 

,. 
'. • 

p 

- ;; 
• 

" (.) 

• 

• 

• 

• 

y q, 
• • 

• 
p 

7t , ." ,., 

7" • 
• 

• q. 
OJ 

Fig. 1.37 
In terms of position vectors: 

E = _ 1_ ~q~(r ~ri) 
41fEo ~ I' - riP ,-, 

, 

Ulustration 1.17 Two point.like charges a and b whose 

strengths are equal in absolute value are positioned at a cer
tain distance (rom each other. Assuming the field st~ngth is 
positive in the direction coinciding with the positive direc
tion of the r axis, determine the signs of the charges for each 
distribution of the field strength between charges shown in 
Figs. 1.38(8), (b), (c) and (d). 
Sol. 

a. As electric fi e ld tends away at a and towards at b, hence there 
should be + charge at a and negative charge at b, Le., q" is 
'+' and qb is ' - ' . 

E 

(.) (b) 

E 

, 

(\ 
, b , 

(0) (d) 

Fig. 1.38 

b. The neutral point exists between a and b onl y when qa and 
lib both arc of same sign. As direction of electric field is away 
from both, so both charges are positive, i .e., q" is '+' and lib 

is '+'. 
Simi larly, for (c) and (d) in Fig. 1.39: 

c. q"is '-' and qb is '+'. 

d. 'I" is '-' and qb is '-'. 

E , E 

V i 
" ,b " , , 

(a) (b) 

E E 

" f\:' , 

" 

(0) (d) 

Fig, 1.39 

Illustration l.l~ Two identical positive point charges q 

are placed on the axis at x = -0 and x = +a, as shown in 
.FIg. 1.40. 

y 

+q - q 

x =+a 

Fig, 1.40 

1. Plot the va riation of E along the x-axis. 

2. Plot the va riation of E along the y-axis 
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Sol. 

1. Variation of £ along the x-axis: 1,4I{a). 

2. Variation of £ along the y-axis: 1,4 1(b) 

E 

~ 
- y y 

(.) 

J[ !II 
,0 I 0, 

: i 
-'----j~. L----.. , , , , , 

:0:.0 : , , , , , , , , , , 
Ib) 

Fig. 1.41 

Dlustration 1.19 In Fig. 1.42, determine the point (other 
than infinity) at which the electric field is zero. 

l<t---- l .OO In---+l 
• G (j) 

- 2.50)lC 6.00)lC 

Fig. 1.42 

Sol. Electric field will be zero at a point closer to the charge 
smaller in magnitude: Let at P electric field is zero (see Fig. 
1.43). Then 

'II X ~loIf 1m 

• CD 
P -2.S)lC 

. Fig. 1.43 

"I Q) 
6.00 )lC 

k(2.5 x 10-6) k(6 x 10- 6) 

X2 (1 +x)2 

x = 1.82m 

Four charges are arranged as shown in 
Fig. 1.44. A point P is located at distance r from the centre 
of the configuration. Assuming r > > I, find 

1. the magnitude of the field at point P. 

2. the angle of its vector with x-axis. 

Sol. Electric field due to charges placed on y-axis (Fig. 1,45(a» 

, I q 1/2 
£y = 2£ I sm B = 2 - - c~---"-~ cc-'''-';."" 

'
4rre

o ("+GY) (,' + ~r 

Coulomb's laws and Electric Field 1.15 

Y; 
Go , , , 

"I , 

, p 
Q-nn; ___ n {) _____ .~. 

- q :0 q x 

loif 

, , , , 
-oG 

I 
~ I 

Fig. 1.44 

I q I I ql 
Ey = 4- rr-e-o -(--'-CI,C)C3mI2 = 4-rr-e-o -;:J (as r »/) 

r2 + _ 
4 

Electric field due to "harges placed on x-axis (Fig. 1,45(b)) 

I q I q 
Ex = E3 - E4 = -4rr-e-, ( I)' - -4rr-e-o -(C,-'C1C)" 

r -- 1+-, 2 2 

, I 

, , , 
: !f2 

ql 

: I 8 
--~---- ---- ----, 

90 - e 

EnN 
E)' -----------

(b) (0) 

Fig. 1.45 

Ene! = /E;+ E; = Js ~ 
4JTf'or 

The angle EMt makes with x-axis (Fig. 1,45(c)) 

ex = tan - ] (~:. ) = tan-'1 (~) below x-axis. 

.I!lust'ration 1.21 A uniform electric field E exists between 
two metal plates. The plate length is I and the separation of 
the plates is d. 

1. An electron and a proton start from the ncgative plate 
and positive plate, respectively, and go to opposite plates. 
Which one of them wins this race? 
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1.16 Physics fo r IlT-JEE: Electricity and Magnetism 

2. An electron and a proton start moving parallel to the 
plates towards the other end from the midpoint of the 
separation of plates at one end of the plates. Which of the 
two will have greater deviation when they come out of the 
plates if they start with the 
a. same initial velocity, 
b. same initial kinetic energy, and 
c. same initial momentum. 

Sol. 

eE eE I 2 
1. ae = -, ai' = -; d = -al 

tne tnp 2 

f!d j>md' t, ff;' t = - orl = --;So,wehave - = - . 
a eE ~ tnp 

AStne < tnI" therefore te < t l ,. Hence, electron will take 
less time, i.e., the electron wins the race. 

Fig. 1.46 

. I 
2. Time to cross the plates 1 = -

u 

Deviation: Y = ~at2 = ~ eE (~)' 
2 2 In U 

~:=~~: (::Y 
Ye tnp 

a. lfu p = ue,then - =-. 
Yp file 

As mp > me, therefore Yc > YI" 
Hence, deviation of electron will be more. 

Fig. 1.47 
, 

Ye ml'ul' 
b. From equation (i), - = - -2 = 1 (as given) 

YI' m~ue 

(i) 

Hence deviation of both electron and proton will be 
same. 2 
F (.) y, (mI'U p ) me me C. rom I -= -- -~ -

, YI' meUe mil m" 
As l1I e < 1111" hence Ye < Y/,· 

Hence, the deviation of proton will be more. 

Dlustration 1.22 A charge 1O~9 coulomb is located at 

gin in free space and another charge Q at (2, 0, 0). If 
x·component of the electric field at (3, 1, 1) is zero, calcu 
the value of Q. Is the y.component zero at (3, 1, 1)1 

Sol. The electric field due to a.point charge q; at position: 
vector from is given by 

-. 
E;= q ----, 

4JTeo r; , 
Here: ~ = (3 -0); +(I-O)J+(1 - O)k = 31 +) + 

with /'1 = .)(32 + 12 + ]2) =.JTI m 

;; = (3 -2)1 +(1-0») +(1 -O)k = i +) +k 

with /'2 = J(1 2 + 12 + 12) =../3m 
So. 

I 10- 9 ~ A A 

4JTeo (11)312 [3 i + j + kJ and 

1 Q , • • 
4JTEo (3)3/2 [/ + J +kJ 

Hence, net field: 

1 [(3 X 10-9 Q), 
4JTEo 11.JTI + M I 

+ - -+ - j+ --+ - k (
10-9 Q ). (10-9 

Q ) ] 
11.Jj] 3~ 11.Jj] 3~ 

y 

(3, I, 1) • 

r] f) 

Q 
• • 

(0,0,0) (2,0,0) 

Fig. 1.48 

According to given problem: 

. 1 [3 X 10-9 Q] 
Ex = 0, I.e., 4JTEo II.JTI + 3../3 = 0 

[3]'" So, Q = - II x 3 X 1O~9 coulomb 

And for this value of Q 

E. = _1_ [~ _ (3/1 1)3/2 x 3 x 10-
9

] 

) 4JTEo 11..,.fi'l 3../3 

1 2 x 10-9 
~ - -- 17< ¥- 0, i.e., Ey is not zero. 

4JTEo 11..".1 1 

Lines of Force 

This idea was given by Michael Faraday. The lines of 
provide a nice idea to visualise the pattern of electric fie 
a given space. We assume that space around a charged bo 
filled with some lines known as electric lines of force. 1 
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lines afforce are drawn ill space in such a way that tangent to 
the line at any point gives the direction of electric field at that 
point. It has been found quite convenient to visualize the electric 
fie ld in terms of lines of force. 

Field at 

point P,:--.?,,-<~ 

Electric field 
line 

I 

p 

Fig. 1.49 

Field at 
pointR 

R 

Properties of Electric lines of Force 

• Electric lines of force start (or diverge out) from a positive 
charge and end (or converge) on a negative charge. 

• The tangent drawn at any point on the line of force gives 
the direction of force acting on a positive charge at Ihat 
point (see Fig. 1.50). 

• In S.L system of units, the number of electric lines of force 
originating or terminating on a charge of q coulomh is 

equal to J...., i.e., ('"-) electric lines arc associated with 
Br. BO 

unit charge. 

Fig. 1.50 

• Two e lectric lines of force never cross each other, because 
if they do so then at the point of intersection, intensity will 
havc two directions which is absurd. 

• Electric lines of force can never be closed loops, as a line 
can never start and end on the same charge. 

• The electric lines of force do not pass through a conductor 
as electric field inside a conductor is always zero. 

• Lines of force have a tendency to contract longitudinally 
like a stretched elastic string producing attraction between 
opposite charges and repel each other laterally resulting in 
repulsion between similar charges and edge effect (curving 
of lines of force near the edges of a charged conductor). 

• Electric Jines of force end or start normally on the surface 
of a conductor. 

• Tangent to thc line of force at a point in an electric field 
g ives the direction of intensity or foree or acceleration 
which a positive charge will experience there but not the 
direction of motion always, so a positive point charge free 
to move in an dectrie field mayor may not follow the line 
afforce. It will foH'lw the line afforce if it is a straight line 

Coulomb's lc:ws and Electric Field 1.17 

(as direction of velocity and acceleration will be same) and 
wi!! not follow the line if it is curved as the direction of 
motion will be different from that of acceleration and the 
partiele will move neither in (he direction of motion nor 
acceleration (line of force). 

The use of the electric lines of force is that we can compare 
the intensities at two points just by looking at the distribution of 
lines afforce. Where the field lines are close together, E is Imge 
(lnd where they are far apart, E is small. 

~ I 0 20-

Fig. 1.51 

As an example fn the figure electric lines offorees arc shown. 
At point 2 the electric field intensity will be greater in compari
son to that at point I. 

DIFFERENT PATTERNS OF ELECTRIC FIELD 
LINES 

• 
• • 

Magnitude is 
not constant 

Direction is 
not constant 

(b) A single positive chargc 

(d) Two equal positive chargcs . N 
is the neutrat point lying at 
the middle ofthc chmges. 

------.. 

~ 
• 
• 

Both magnitude and Both magnitude and 
direction not constant lI irection constant. 

(aJ 

(c) A positive charge anll a 
negative charge of equal 

magnitude (an electric dipole) 

(e) A is a positive charge and B a 
ncgativc charge of different 

magnitulles (lq11 < Iq ,l) 
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1.18 Physics for IIT-JEE: Electricity and Magnetism 

(f) Two positive charges of different magnitudes (ql < q2) 

Fig. 1.52 

Note: Neutral point (N) is the locatioll where the net elec
tric field due to charges is zero. It lies near the charge of 
smaller magnitude. 

Fig. 1.53 

Edge effect 

• -

• -

• - -
E - 0 

+ Unifonn -
£=0 

• field -

• 
Parallcl metal plates 

having dissimilar charges 

nlustnition'f:23 Fig. 1.54 shows the sketch of field lines 

for two point chargcs 2 Q and - Q. The pattern of field lines 
can be deduced by considering the following points: 

Fig. 1.54 

Sol. 

1. Symmetry: For every point above the line joining the two 
charges, there is an equivalent point below it. Therefore, the 
pattern must be symmetrical about the line joini)lg the two 
charges. 

2. Near field: Very close to' a charge, its field predominates. 
Therefore, the lines are radial and spherically symmetric. 

3. Far field: Far from the system of charges, the pal1ern should 
look like that of a single point charge of value (2Q - -Q) = 
+Q. i.e., the lines should be radially outward. 

4. Null point or neutral point: There is one point at which E = O. 
No lines should pass through this point. 
- Neutral point lies near the position of charge of smaller 

magnitude. 

5. Number of lines: Twice as many lines leave +2Q as enter 
-Q. 

Note: Excess lines from 2 Q charge will meet at infinity. 

nlus~rlftion~l·24 Charges +q and -2q are fixed a distance 

d apaft as shown in figure. 

-2, 

I<'ig. 1.55 

1. Sketch roughly the pattern of electric ficld lines, showili.-g 
position of neutral point. 

2. Where should a charge particle q bc placed so that it 
experiences no force? 

Sol. Lct net force on q at P is zero, then 

kq' 

x' 
kq2q . => 

(d + X)2 

q 

p q - 2q 
~ d_ 

Fig. 1.56 

d 
---
v'2 - r 

P is the neutral potential where cLL·tric (kid will be zero. 

Fig. 1.57 

FIELD OF RING CHARGE 

A ring-shaped conductor with radius a carries a tota l charge Q 
uniformly distributed around it. Let us calculate the electric field 
at a point P that lies on the axis of the ring at a distance x from 
its center. 
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y 
dQ 

CL-ij----c--""-C-c-o;p'- dE, ~ --t-...--x 
dE, I 0:: 

V _____ __ _ I 

dE 

Fig. 1.58 

As shown in the figure, we imagine the ring divided into in
finitesimal segments each of length ds. Each segment has charge 
dQ and acts as a point charge source of electric field. Let dEbe 
the electric field from one such segment; the net electric field at 
P is then the sum of all contributions dE from all the segments 
that make up the ring. (This same technique works for any sit
uation in which charge is distributed along a line or a curve.) 
The calculation of E is greatly simplified because the field point 
P is on the symmetry axis of the ring. If we consider two ring 
segments at the top and bottom of the ring, we sec that the con
tributions dE to the field at P from these segments have the 
same x-component but.opposite y-components. Hcnce, the total 
y-component of field due to this pair of segments is zero. When 
we add up the _contributions from all such pairs of scgments, 
the total field E will have only a component along the ring's 
symmetry axis (the x -axi s), with no component perpendicular 
to that axis (that is, no y-componen! or z-component). So, the 
field at P is described completely by its x-componcnt E,. 

To calculate Ex notc that the square of the dis tance I" from a 
ring segment to thc pain! P is 1"2 = x 2 + a2. Hence, the magni
tude of this segment's contribution to the electric field at P is 

I dQ 
dE= --~~~ 

4JTeo x 2 + a2 

x x 
Using cosa = - = 1/2' the eomponentd Ex of this 

I" (X2 + (2) 
field along the x-ax is is 

I dQ x I xdQ 
dE t = dEcosa = -- ~ --c-c'=~= 

· 4JTeo x 2 + a2 "';x2 + (/2 4JTeo (x2 + (2)3/2 

To find the total x-component E t of the field at P, weintegrate 
this expression over all segments of the ring: 

E -J-1- xdQ 
, - 4JTeo (x2 + ( 2)3/2' 

Since x does not vary as we move from point to point around 
the ring, all the factors on the right side except dQ are constant 
and can be taken outside the integral. The integral of dQ is just 
the total chargc Q and we finally get 

...... ~ I xQ (,.) E = Etl = ---- , 
. 4JTeo (x2 + ( 2)3/2 

• Electric field is directed away from positively charged ring. 

• For x = 0, E = 0. This conclusion may be arrived at by 
the syminctry consideration. 

• At a large distance from the ring, the electric field will 
be zero. Hence, it should have certain maximum value 
between x = 0 and x = 00 (or x = -00). 

Coulomb's Laws and ilectric Field 1.19 

• lfwc maximize equation 0), we can get the value of x", as 
well as Em.ax. 

For maximum value of Ex: 

Q 
(x 2 + a2 ) _ 3x2 = 0 .::::} x = ±-

~ 
and the maximum value of the electric field is 

E,,(max) = -4
1 (5f 2) 

7(£0 3 3R 

-----,------
x (to - co) , 

, , , , , , , , 
~---- -- - --- --r- ------- .' , , , , , 

y , 

-- - t -------~-- ----
; x(to+co) , , 

t~ ____ ?_~:,' ~_, ___ E _ Q 
~"" -nmxF> , , 6~3R e.a· , , , , , 
--- --;- --- -------------. 
;~: x , , 
; xm=J2 

-------< , 

Fig. 1.59 

I1histrationU; : If we place a ncgative charge (of magni
tude -q and mass 111) at the center of a charged ring and 
slightly displace it along the axis of ring and release. Exam
inc whether it will perform simple harmonic motion. If yes, 
then find the timc pcriod of oscillation of the particle. 

k Qx 
$ol.E = 2 23/2 

(a + x ) 
kqQx 

Force on charge F = -q E = - 2 2 3/2 
(a +x ) 

Q , 
F 

- I} E 

1+.,1.,.,--+ 

Fig. 1.60 

F -kqQx 
a = - = 

111 11/ (a2 + x2)3/2 

Hence, acceleration is opposite to displacement, so motion will 
be oscillatory. 
But a is not directly proportional to x s"o motion is not SHM. 

, kq Qx 
lfx « (J,thena = -----J

lila 
Here a ex x, so the triotion will be SHM. Comparing with 

a = _w2x 

We get (J) = 
kq Q 
lIIa 3 
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1.20 Physics for IIT-JEE: Electricity and Magnetism 

Two identical point charges having mag

nitude q each are placed as shown in the figure. 

+ t Ie 
+ -;r -i: -------------->" 

, 
Fig. 1.61 

1. Plot the variation of electric field on x-axis. 

2. Where will the magnitude of electric field be maximum 
on x-axis? Find the maximum value or" electric field on 
x-axis. 

3. If we place a negative charge (of magnitude -q and mass 
m) at the mid point of charges and displaced along:t
axis, examine whether it ' will perform simple harmonic 
motion. If yes, then find the time period of oscillation of 
the particle. 

Sol. 1. 

q 

Fig. 1.62 

2. Fieldatx =x: E =2[_'_ 2 q 2]COS8 
4Jr€0(a +x) 

=* E= q x 
2Jr€0 (a 2 + x 2}3/2 

dE 
For E to be mu,..;imum, - ~ 0 

dx 
a 

Solve to get x = ± h 

_'1 2 X 
3. Force on particle: F = -q E = 2 2 3/2 

2Jr€0 (a +x) 

For x «a, particle will exccute SHM with time period 

2Jr €oln (13 

'12 
T = 27( 

Positive electric charge Q is distributed uniformly along a 
line, lying along the y-axis. Let us find the electric /leld at point 
D on the x-axis at a dis tance ro from the origin. 

We divide the linc charge into infinitesimal segments, each of 
which acts as a point charge; let the length of a typical segment 
at height l be dl. If the charge is distributed uniformly with 
the linear charge density A, then the charge dQ in a segment of 
length dl is dQ = A dl. At point D, the differential electric field 
dE created by this element, 

df 
dQ A -- --A , --

0 ", , 
'-

Q 
dE 

r=roscc8 

Fig. 1.63 

dE = ....:!JL. = ~ = Ad! (0 
47(eO/"2 4Jreor2 4Jr eor6sec2() 

In triang1cAOD; OA = OD tana, i.e., 

l = ro tan a; Differentiating this equation with respect to 8; 
dl = rosec28dB 

Substituting the value of dl in equation (i); 

Ad8 
dE= --

4Jreoro 
Field dE has components d Ex, dE), given by 

AcosBd(J Asin8d8 
dEx= and dEy = 

4JreQro 4Jrcoro 
, . 
On integrating expression ford E, and dE)' in limits () = - 2 

• to 8 = +2' we obtain E , and E)'. Note that as the length of wire 

incrcases, the angle 8 increases; for a very long wire (infi nitely 
long wire), it approaches Jr /2. 

+rr/2 A cos 8 dB 
E" ~ f 

-1t /2 4Jr8oro 

+rr/2 A Sill () de 
E, ~ f 

-1t12 4Jreoro 
A 

Thus, E = E" = --
2Jr eoro 

~O 

Note: Using a symmetry argument, we could have guessed 
that Ey would be zero; if we place fl pusitive test charge at 
D, the upper Iwlf of the I;rle of charge pushes downward 
on it, and the lower half pushes up with equal magnitude. 

• I fthe wire has /lnite length and the angle subtendcd by ends 
of wire at a point ll re 131 and 02. the limits of integration 
would change. 

+" 
J ).cos8d8 

E -., - 4Jr6'oro 
-0, 

A 
~ ---(sin 131 + sin ( 2 ) 

4Jreoro 
+0, 

E
y

= J AsinBde 
4Jreoro 
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A 
~ - - - (eose l -eOS ( 2) 

4.7rsoro 

.I~-~ro .1 

Fig. 1.64 

• If we wish to determine fie ld at the end of a long wire, we 
may substitute 81 = 0 and fh = Jr /2 in the expressions for 
Ex and E,. 

By = 

_A_ [sin (0) + sin ('O)] ~ _A_ and 
41rsoro 2 4nsoro , 

_A_ [cos (0) _ cos ('O)] ~ A 
411" [';,oro 2 47r toro 

s 

~--------0LJ E __ A_ (Perpendicular away) 
ro ,0 J' 41f&)ro 

'" 
E 

E _ -'- (Parallel away) 
, 41U'ifo 

Fig. 1.65 

Magnitude of resultant field E : 
~A 

lEI = !E;+E~= V ) 4JTsoro 

E makes anangleB with the x-axis, where tan () = lEy] = 1; 
IExl 

() = 45° 

FIELD OF UNIFORMLY CHARGED DISK 

Let us find the electric field caused by a disk of radius R with a 
uniform positive surface charge density (charge per unit area) a, 
at a point along the axis of the disk a distance x from its center. 

\\J:/~rdQ 

.Q 

Fig. 1.66 

The situation is shown in Fig. 1.66. We can represent this 
charge distribution as a collection of concentric rings of charge. 

Coulomb's Laws and Electric Field 1.21 

We already know how to find the field of a single dng on its axis 
of symmetry, so all we have to do is to add the contribution of 
all the rings. As shown in the figure, a typical ring has charge 
dQ, inner radius r and outer radius r + dr. Its area dA is ap
proximately equal to its width dr times its circumference 2:rrr, 

or dA = 2:rrrdr. The charge per unit area is cr = ~~, so the 

charge ofdngis dQ = cr (2:rrr dr), ordQ = 2:rrcrr dr. The field 
componentdEx at point P. due to charge dQ ofa ring of radius r 

1 (2:rrcrrdr)x 
dEx = - - 32 

4:rr80 (X2 + r2) / 

To find the total field due to all the rings, we integrate d Ex 
over r. To include the whole disk, we must integrate from 0 to 
R (not from -R to R) ; 

R R E f fd f 1 (2rr",d,)x 
x = , dEx = 0 Ex = 0 4:rr80 (x2 + r2)3/2 

Remember that x is a constant during the integration and that 
the integration variable is r. The integral can be evaluated by 
use of the substitution z = x 2 + r2. We will let you work out 

:: :et~~s;[t~e resu:t is + ~l = .!!....- [1 _ x J' (i) 
· 280 -Jx2 + R2 X 280 I , J(x2 + R2) 

In this figure, the charge is assumed to be'positive. At a point 
ori the symmetry axis of a uniformly charged ring, the electric 
field due to the ring has no coinponents perpendicular to the axis. 
Hence, at point P in the figure, dEy = dE~ = 0 for ea.ch rlng, 
and thu~ the total field has Ey = E t = O. 

Again, we can ask what happens if the charge distribution 
gets very large. Suppose we keep increasing the radius R of the 
disk, simultaneously adding charge so that the surface charge 
density cr (charge per unit area) is constant. In the limit that R 
is much larger than the distance x of the field point from the 
disk (R »x), i.e., the situation becomes the electric field near 
infinite plane sheet of charge. 

:o:(~:o [1 - g] ~ 2:0 [1 -10]; 
x 1+ - 1+-

x2 x 2 

As R »x, then the term p; ~ 0 
R' 

1+-x' 
" And we get Ex = -

2'0 
Our final result does not contain the distance x from the plane. 

This is correct but rather surprising result. 
It means: 

• That the electric field produced by an infinite plane sheet 
of charge is independent of the distance from the sheet. 

• Thus, the field is uniform; its direction is"evJ rywhere per
pendicular to the sheet and away from it. 
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1.22 Physics for UT-JEE: Electricity and Magnetism 

• Infinite plane sheet of charge is a hypothetical case. In real 
praclice, there is no such infini te plane sheet of charge. 
Again. there is no such thing as an infinite sheet of charge, 
but if the d imensions of the sheet are much larger than the 
distance x of the observation point P from the sheet, the 
fie ld is very nearly the same as for an infinite sheet. 

FIELD OF TWO OPPOSITELY 
CHARGED SHEETS 

Two infinite plane sheets are placed parallel to each ocher, sep
arated by a distance d (as shown in figure). The lower'sheet has 
a uniform positive surface charge density 17, and the upper sheet 
has a uniform negative surface charge density -(1 with the same 
magnitude. Let us find the electric field between the two sheets. 
above Ihe upper sheet and below the lower sheet. 

P! E,t +E, £- E, +E,=O 
Shcel 2 - (] " fr:j::==========,--~ _x_ 

I r, t tE, I E- E,+E, 
Shecl t + (] 01 '=====o::======> 

£,+ tE, £- E, +£,=O 

Fig. 1.67 

The situHtion described in this example in an idealization of 
two finite, opposite ly charged sheets, like the plates shown in the 
figures. If the dimensions of the sheets are large in comparison to 
the separation d, then we can to good approximation consider the 
sheets to be infinite in extent. We know the fie ld due to a single 
infinite plane sheet of charge. We can then find the total fi eld by 
using the principle of superposition of electric fields. Let sheet I 
be the lower sheet of positivechurge, and let sheet 2 be the upper 
sheet of negative charge; the fields due to each sheet are £ t and 
£1, respectively, and both hllVe the sume magnitude at all poiots, 

a 
no mauerhow far from either shcct, i.e., EI = E2 = -. 

2eo 
At all pOi nts. the d irect ion of EI is away from the positive 

charge of shcct I. and thedircction of £2 is towards the negative 
eharge of sheet 2. These fie lds, as well as the x- and y-axes, are 
shown in figure. At points between the sheets. the fields al each 
other and at points above the upper sheet or below the lower 
sheet cancel eaeh other. Thus. the tOlal field is 

£ = £1 + £ 2 = I ~ ] eo o 

above the upper sheet 

between the sheets 

above the upper sheet 

Bec<luse we considered the shects to be infinite, our result 
docs not dcpend on the separation d. 

Symmetry plays very important role in problem sol ving. Elec
tric field is in the direction along the li ne which divides the charge 
distribution symmetricaHy. . 

Linear charge 
dislribution 

_ : - dy 

Line di vides the 
charge distributkm 

symmetrically 

Eoo! = f dE cosO 

'1'>j.,~"C; i:i~; di~ki;s -
the ch~rge 
distribution 
$ynllnetricl ily 

- .... _ .. SClll ici~~ lar 

""~, 
distrib~lion 

Enet = f dE cOsO 

Two poi nt cbarges 
+ <D q , , , , 
: f 

- - - --T ----~-- -; 
, Line divides Ihe t 

: chargc distribution 
cr:> 0 q symmctrically 

+ -Here, l EI I = IE2 1 
Ene! "" 21£lI cosO 

Four point charges at (he cor
ner-ora square 

~ Line divides lhe 
Welw&c distrit..~ion CD ;;'" syonmctrically 

'/-: \ 
__ ~. __ .. .. ... _+..... f .. _.\ .. 

: ' 8 
I , \';'\ E, 
: ............ (·0 
+ o 

The cleCirie fie ld at point P 
due to charges ( I). (2). (3) <IUd - - -(4), I EI I = I E2 1 = I E31 = -1£41 
Hence nCI electric fi eld <It P - -IE~ctl = 4lEt lcosO 

-- - - - ' --~~~nedivide$~~e 
charge distribution 

symmetricaHy 
Charged ring 

E net = J dE cosO 

Line divides Ihe 

A circular arc 
of charge 

Eru:t = J d E cosO 

Three point charges at the corner 
or an equilaterallriangle 

E 

to Et 

, 
i CD 
~ Line divides the 

charge dislribution 
SYlllmotrically 

Here, electric field at P due 10 

charges (I). (2) and (3) arc equal. - - -Le·.IEII = IE2 1 = IEll· 
Hence, En« = 31 El lcosO 

Charged disk 

" 

Charged disk 
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Some Useful Results 
A charged rod of fixed length 
having charge density A 

" " ""'0," E: 
f---~8~J_~_"""---+ Eo 

~ ~ //~~~ 

""""--"o ----+t 
Es = __ A_ (sinOJ + sinOz) 

41(£orO , 
F.,. :: - -(cosel - COS 02 ) 

411" £0'0 

Semicircular ring having 
charge density A 

A 
£,.=--

. 2.11"£01' 
E, = 0 

Infinite line charge 

, , , , , 
E .. = _A_ 

. 2JJ" tW' 
£ .. =0 
Charged disk 

Semi-Infinite rod having charge 
density A 

Parallel awny 
component 

E 
_ A 

,~ - 41rto, 
Perpendicular awny 

component 
E - , 
" - 4Jftor -------r E~ (Perpendicular 

aWRY) " 
...-1'----.. Ey (pa rall el awny) 

Quarter circular ring having 
charge density A 

, 

, ' 

, , , 
'" r: 

- ·---- ---:GE~ 
E),. 

A A 
Ex = 41l" t or => E,. = 4"£0' 

Charged ring 

" --:!"----t> 

kQx 
£~ = , 2 (x +a , V2 

=> £,. =0 

Infinite sheet of churge 

• 

• 

• -- _ .... - ----_ E~ 

• 

" E .. = -
. 2£u 

£,. =0 

Coulomb's Laws and Electric Fi'eld 1.23 

concept Application Exercise 1.3 

1. A particle with positive charge Q is held fi xed at the 
origin. A second pnrticle with positive charge q is fi red 
at the fi rst part icle, and foHows the trujectory as shown in 
the figure. Is the angular momentum of second particle 
constant about some axis? Why or why not? Give reason 

Fig. 1.68 

2. Fi gure shows some of the electric field lines due to three 
point charges arranged along the vertica l ax is. All three 
charges have the same magnitude. 
a. What arc the signs of each of the three charges? Explain 

your reasoning. 
b. At what point(s) is the magnitude of the electric fi eld 

the smallest ? Explain your reasoning. Explain how 
the fie lds produced by each ind ividual point charge 
combine to give a small net fi eld at this point or points. 

Fig. 1.69 

J. Two point charges Q and 4Q are fixed at a distance of 12 
em from each olher. Sketch lines of rorce and locate the 
neutral point, if any. 

4. Is an electric fie ld of the type shown by the electric lincs 
in the Fig. 1.70 below physically poss ible? 

• 

• 
=' • 

Fig. 1.70 

5. Figure 1. 71 shows three electric fie ld lines. What is the 
d irection of the elccll"Qstatic force on a positive lest charge 
placed at 

a. poi nts A and B? 
b. AI which. point, A or fJ , will the acceleration of thctcst 

charge be greater if lhc charge is released? 
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1.24 Physics for IIT-J EE: Electricity and Magnetism 

y 

A 

B 

Fig. 1.71 

6. A thin metallic spherical shell contains a charge Q on it. 
A point charge q is placed at the center of the sheH and an
other charge ql is placed outside it as shown in figure. All 
the three charges are positive, Find the force on the charge 

u---------·, 
Fig. 1.72 

a. at center due to all charges. 
b. at center due to shel l. 

7. In Fig. 1.73. two particles each of charge -q. are 
arranged symmetrically about the y-axis; each produci ng 
an electric fie ld at pointP on y-axis. 

y 

p 

- q -q 
-(,Q-----+-----()-, 

_d d -

Fig. 1.73 

a. Are the magnitude of the fields at P equal? 
b. Is each electric field directed toward or away from the 

charge producing it? 
c. Is the magnitude of the net electric field at P equal to 

the sum of the magnitudes E of the two field vectors 
(is it equal to 2£)? 

d. Do the x -components of those two field vectors add or 
cancel? 

e. Do the ir y·components add or cancel? 
f. Is the d irection of the net field at P that of the canceling 

components o r the adding components? 
g. What is the direction of the net fie ld? 

8. In Fig. 1.74(a), a plastic rod in the form of circular arc 
with charge + Q uniformly distributed on it produces an 
electric field of magnitude E at the center of curvature (at 
the origin). In figures (b), (c), and (d) more circular rods 
with identical uniform charges +Q are added until the 
circle is complete. A fifth arrangement (which would be 
labeled e) is like that in d except that the rod in the fourth 
quadrant has charge - Q. Rank all the five arrangements 
'according to the magnitude of the electric field at the center 
of curva~urc, greatest first. 

(.) (0) (0) 

Fig. 1.74 

(d) 

9. Figure shows that £ has the same value for all points 
in front of an infinitely charged sheet. Is this reason
able? One might think that the field should be stronger 
near the sheet because the charges are so much clo" ~r. 

~~~~+ f-_---
+I-~-
+1---. 

---1-
~'g. 1.75 

10. Figure shows the tracks of three charged pani.cles in a 
uniform e lectrostatic field projected paralle l to plate with 
same velocity. Give the signs of the three charges. Which 
of the three particles has the highest charge to mass ratio? 

<D 

-~::: ... ;::,., ......... ~ .. . 

Fig. 1.76 

11. Three small spheres x; y and z carry charges of equal 
magnitudes and with signs shown in figure. They are 
placed at the vertices of an isosceles triangle with the 
distance between x and y equal to the distance between 
x and z. Spheres y and z are held in place but sphere x is 
free to move on a fri ctionless surface. 

A", /~~B 
'" " '~-:<ik ------- -- -. c 

X , • , . , . 
'. " Y ' \D Z 

@ " e E 

Fig. 1.77 

a. What is the direction of the electric force on sphere x 
auhe point shown in the figure? 

b. Which path is sphere X likely to take when released? 

12. Two identical positive charges are fixed on the y-axis, 
at equa l distances from the origin O. A particle with a 
negative charge starts on thl? x -axis at a large distance 
from 0 , moves along the x-axis, passes through 0 and 
moves far away from 0 on the other side. Its acceleration 
a is taken as positive along its direction of motion. Plot 
the particle's acceleration a against its x -coordinate. 
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13. Electric field is defined in terms of qo, a sma ll positive 
charge. If instead the definition were in terms of a small 
negative charge of the same magnitude, thcn compared to 
the original field, the newly defined electric field 
a. would point in the same direction and have the same 

magnitude. 
b. would point in the opposite direction and have the same 

magnitude. 
c. would point in the same direction and have a different 

magnitude. 
d. would point in the opposite direction and have a differ

ent magnitude. 

14. Three identical positive charges Q are arranged at the ver
tices of an equilateral triangle. The side of the triangle is 
a. Find the intensity of the field at the vertex of a regular 
tetrahedran of which the triangle is the base. 

15. Two point charges of +5 x 10- 19 C and +20 x 10-19 Care 
separated by a distance of 2 m. The electric field intensity 
wi ll be zero at a distance d:: from 5 x 10- 19 C 
charge, 

16. An electron (mass me) falls through a distance 'd' in a 
uniform electric field of magnitude E, 

+ + + + + 
, 

I 
+, 

I 'I I' + + + + + - - -
(n) (b) 

Fig. 1.78 
1··, The direction of the field is reversed keeping its magnitude 

unchanged and a proton (mass tn p ) falls through the same 
distance. If the times taken by electron and proton to fall 
the distance d is 'teic.tron· and "proIon ', respectively, then 

the ratio Icic<:tron = __ _ 
'proton 

17. Two charged metal plates in vacuum are 10 cm apart. A 
uniform electric field of intensity (45/16) x 103 NC- I is 
app,lied between the plates. An e lectron is released be-
tween the plates from rest aI a point just outside Ihe neg
alive plate, Calculate 
a. how long (I) will electron take to reach the otherplale? 
b. At what vclocity (I) will it be going just before it hilS 

the other plate? 

18. A polythene piece rubbed with wool is found to have a 
negative charge of 3.2x 10- 1 C. 
a. The number of electrons transferred is __ _ 
b. Is there a transfer of mass from wool to polythene? 

(Yes/No) _ _ _ 

19. Two identical point charges 'Q' are kept at a distance 'r' 
from each other. A third point charge is placed on the 
line joining the above two charges such that all the three 
charges are in equilibrium. The third charge 

Coulomb's Laws and Electric Field 1.25 

a. should be of magnitude q = ... 
b. should be of sign .. . 
c. should be placed .. . 

20. If we introduce a large thin metal plate between two 
point charges. what will happen to the force between the 
charges? 

21 . Two point electric charges of unknown magnitude and 
sign arc placed a certain distance apart. The electric field 
intensity is zero at a point not between the charges but on 
the line joining them. Write two essential conditions for 
this to hapPl'On. 

22. A bal! of charge q is placed in a hollow conducting un
charged sphere. After this. the sphere is connected with 
earth for a short time and the ball is then removed from 
the sphere. The ball has not been brought into contact with 
the sphere. 
a. What charge will the sphere have after these opera

tions? Where and how will this charge be distributed? 
b. What will be the elcctric field inside as well on outside 

of sphere? 

23. Two picces o f plastic, a fu ll ring and a half ring, have the 
same radius and charge density. Which electric field at the 
center has the greater mag nitude? 
Define your answer. 

~$+ " + (~ .. 
~ .... ~+ + . + 

Fig. 1.79 

24. A droplet of ink in an industrial i.nk-jet printer carries a 
charge of 1.6 x 10- 10 C and is deflected onto paper by 
a force of 3.2 x 10- 4 N. Find the strength of the electric 
field to produce this force. 

25. An electric dipole of length 4 cm, when placed with its 
axis making an angle of 6()<' with a uniform electric field 
eltperiences a torque of 4./3 N m. Calculate the (a) mag
nitude of the e lectric field and (b) potential energy of the 
dipole, if the dipole has charges of ± 8 ne. 

26. An electric dipole consists of two opposite charges each 
\ { f. I pC separaled by 2 cm. The dipole is placed in an 

e~emal uniform field of 10-" NC- I intensity. Find 
a. maltimum lorqueexerted by the field on the dipole and 
b. the work done in rotaling the dipole through 180" start

ing from the position 8 :: 00
• 

• 

ELECTRIC DIPOLE 

• An electric d ipo le is a sy~em of two equal and opposite 
point charges separated by a very small and finite distance. 

• Fig. 1.80 shows an electric dipole consisting of two equal 
and opposite point charges -q and +q separated by a small 
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1.26 Physics for IIT-JE E: Electricity and Magnetism 

distance 21. The strength of an electric dipole is measured 
by a vector quantity known as electric dipole /nOlilen!. Its 
magnitude is equal to the product of the magnitude of either 
charge and the distance between the two charges. 

-q 
if 

+ q 

BO • OA 
I-

II 
~I 

Fig. 1.80 

p = q21 

The direction of p is from negative charge to positive 
charge. 

• In S.1. system of units, p is measured in coulomb-mctre. 

ELECTRIC FIELD DUE TO A DIPOLE 

Electric Field Intensity due to an Electric Dipole 
at a Point on the Axial Line 

• A line passing through the negative and positive charges 
of the electric dipole is cal!ed the axial line of the electric 
dipole. 

y 

• , 

Fig. 1.81 

E2 i1 EJ 
· +-0 -,">'- '" 

p 

• Suppose an electric dipoleAB is located in a medium of di
electric constant K (as shown in Fig. 1.81). Let the dipole 
consists of two point charges of -q and +q coulomb sepa
rated by a short distance 2l meter. Let P be an observation 
point on the axial line such that its distance from the mid 
point 0 of the electric dipole is r. Wc arc interested to 
calcl!iate the intensity of electric field at P. 

• 
, q 

EJ = -4-- --,-2 due to q at P 
rreoK (r - ) 

{along the direction OX} 
, q 

and E2 = --- ---2 due to -q at P 
4rreoK (r + f) 

{along the direction OB} 
The intensities El and E2 are along the same line but in 
opposite directions. Since El > E2, hence resultant inten
sity E at Ihe poin~ P will be equal to their differences and 
in the direction AP. Thus, 

E=E 1 -£2= -'--q-- -'- q 
4rreoK (r - l)2 4rreoK (r + l)2 

q [4Ir] , [2(2q/)r] 
E = 4rrsoK (r2 _ 12)2 = 4rreoK (1'2 12)2 

BUI 2ql = P =electric dipole moment; 

:=} E = __ ,_ 2pr 
41TSoK (r2 [2)2 

• If 1 is very small compared to r (I « 1'), then {2 can be 
neglected in comparison to r2. Then, the electric field in
tensity at the point P due to a short dipole is given by 

E = ~_,_ 2pr = ___ 2p 
4rrsoK 1'4 41TSoK 1'3 

I 2p 
E~----

41TSoK /"3 

• If dipole is placed in air or vacuum, then K = I and 
E~ _'_2p 

41TSo /,3 

Note: The directioll of electric field E is ill the direction 
of p, i.e., parallel to the axis of dipole from the negative 
charge towards the positive charge. 

In vector form, we can write: 

4 I 2p" I i p 
E ~ ----, ~ ---

4Jl" so ,.3 4Jl" SO /"3 

Electric Field Intensity due to an Electric Dipole 
at a Point on the Equatorial line 

An equatorial line of the electric dipole is a line perpendicular 
to the axial line and passing through a point mid way between 
charges. 

• Let us now suppose that the observation point P is situ
ated on the equatorial line of dipole such that its distance 
from mid-point 0 of the electric dipole is r (as shown in 
Fig. 1.82). Let us assume again that the medium between 
the electric dipole and the observatio~ point has dielectric 
constant K. 

, q 
• EI = --- {a!ongthedireetionPD} 

41TSoK (1'2 + (2) 

, 'I 
and £2 = --- {along the direction PC} 

41TSoK (1'2 +/2) 
The magnitude of £1 and £2 are equal but directions are 

different. 
Net intensity: E = EI case + E2 cos e 

[sine components cancel out] 
I q I q 

E ~ --- cose + --- cose 
4rreoK (1'2 + 12) 4rreoK (1'2 + {2) 

~ , ,,~q'c" x 2 cos e along P R 
4rrsoK (r2 + 12) 

But from the figure, 

OA OA 
cos/}= PA = (OP2+0A2)1/2 = (r2+/2)112 

I q 21 I 2ql 
E~--- x ~---x 

4rrsoK (r2 + J2) (1'2 + [2)1/2 4rrsoK Jr2 + [2)312 

But 2q{ = p = electric dipole moment 
, p 

E ~ --- x ;c;-;''''u;-41TSoK (/,2 +12)3/2 

• If f is very small as compared to r (l «r), then [2 can 
be neglected in comparison to r2. Then, the electric field 
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Fig. 1.82 

intensity at the point P due to a short dipole is given by 

E ~ _ _ 1 __ 1'_ ~ _ _ 1_ £. 
4m'o K (r2) 3/2 4itEoK , 3 

• If dipole is placed in air or vacuum, then K = 1 and 

E ~ _ I_£. 
4Jf Eo , 3 

As direction of resultant electric fi eld is along the negative x 
axis, hence in vector fonn we can write 

~ I P ~ I P 
E ~ - - x- (-i) = --- x-

4rr eo,.3 4JT EO ,3 

Note: The direction of electric field E is opposite to the 
direction of p, i.e., alltiparallel to tlte axis of dipole from 
the positive charge towards the lIegatil',t charge. 

ELECTRIC FIELD INTENSITY DUE TO A SHORT 
DIPOLE AT SOME GENERAL POINT 

• Let AB be a short electric dipole of dipole moment p (di· 
rected from B to A). We arc interested to find the electric 
fi e ld at some general point P. The dis tance of observation 
point P w.r.t. mid point 0 of tile d ipole is r and the nnglc 
made by the line OP w.r.t. axis of dipole is O. 

;';:'. . ; .,..., . 
, " 

Coulomb's \aws and Electric Field 1.27 

• We know that dipole moment of a dipole is a vector quan~ 
li ly. It can be reso lved into two rcctangularcomponents PI 
and 'h as shown in figure, so that P = PI + P2. 
The magnitude or PI nnd P2 are PI = I' cos 0 and 
P2=psin B. 

• It is clear from figure that point P lies on the axial line of 
dipole with moment PI. Hence, rtagnitude of the electric 
fi eld intensity El at P due to PI is 

R 

D 

E, 
, p 

I 

e. ~
;;./ 

o A 
_q 0 _+q 

p •. 

Fig, 1,83 

I 2f1cosO 
El = -4- , {along Oe} 

Jl'So ,.. 
(i) 

Similarly, P lies on the equatorial line of dipole with moment 
Pl. Hence, magnitude of electric field intensity E2 at P due to 
1'2 IS 

I {)8in O 
E2 = - ---,- {opposileto P2} (ii) 

4Jl'so ,. 
He nce, resultant intensity at P is E = El + E2 - .; _ ./ 
Magnitude of E is: E = (E; + ED (as EI and £2 arc mu-

tually perpendicular). 
c:~-:::-;--:---:--:-:-; 

or £ = (2PCOSe) ,+ (p SinO)' 
4Jl'Eo r J 4Jl'EorJ 

= ~ J4cos2 () + sin2 0 = ~JI + 3cos2 () 
411' sor 4]( Eor'> 

• If the resulta'm field i~tens i ty vector E makes an angle lP 
with the d irection of £], then 

£2 (1' sin 0/4]( Eor J) I . 
tan¢ = - = = -tane 

EI (2pcos8/4Jr Eor l ) 2 

Three charges -q. +2q and -q are ar
ra nged on a line as shown in the Fig. 1.84. Calculate the field 
at a distance r > > a on the line. .... .... .... 
Sol. The field at point P is superposi tion of fi elds £,. £2. £ 3 
due to each charge. 

3 2 ! 
"'(I "'~+ P 
~ .. --.---.. -... --.-... 
- q +2q - q 

_(r - a~ 
• r II 

• (r + II) I I 

Fig. 1.84 
q , 

.... q ~ 

El =- i ;Now 
· 4JrEo(r + a )2 
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1.28 Physics for IIT-JEE: Electricity and Magnetism 

- - - - q [ 1 2 1]_ E:=:£I+£2 +£3 =-- +-- i 4:rr80 (r-a)2 ,2 (r+a)2 

E~ 4n~o" [-ll-(~r'1+2-11+(~)r'] 
If r » a, we can use binomial approximation: 

n(n - 1) 2 
(1 + at :::: 1 + na + I') a + ... for a « 1 

i< ' 
Therefore, 

q [\( ' a) -2(-2-1) (-a)') __ - 1-2(--) + -
4rrsorl r 2 r 

+2-11-2~+ -2(-2-1) (~)'l] ~ 6a'q 
r 2 r 4Jt sor4 

The charge in this problem may be considered as two dipoles 
placed close together. Such an arrangement of charge is called 

an electric quadrupole. 

Illustration 1.28 What is the force on a dipole of dipole 

moment p placed as shciwn in the Fig. 1.85. , , 
!TiT 

--0>---4--\1--"-----
+q , +q 
1+---"----1_"----1 , 

Fig. 1.85 

Sol. Force on any q by dipole: 
q p 

F = q Edipole = 4--""3 downward 
Treo a 

So from third Jaw, force on dipole due to both charges 
qp 

= 2F = - --3 upward 
21tsoa 

Net Force on a Dipole in a Non-Uniform Field -Suppose an electric dipole with dipole moment P is placed in 
~ -a non-uniform electric field E = Ei that, points along x-axis 

(Fig. 1.86). Let E depends only on x. Th6 electric field at the 
position of negative charge is E and at the position of positive 
charge (E + 6E). Net force acting on the dipole is then 

p 

qE 

Fig. 1.86 

F =q(E+I:::.E)-qE=qI:::.E=q [~~2aJ 

[
as I>E ~ dE] 

I:::.x dx 

dE dE 
F=2aq-=p-

dx dx 

- dE 1 -I IFI~ p dx 

dE where - is the gradient of the field in the x-direction. 
dx 

Find the force on a small electric dipole 

of dipole moment p due to a point charge Q placed at a 
distance r. ... 

lIIustration 1.29 

+Q 
• 

p 
• I" , 11'1 

Fig. 1.87 

SoL Electric field of a point charge is a non-uniform electric 
field. Electric field at a distance x from the point charge is 

1 Q dE 1 2Q 
E ~ --- => - = -----

4JT£0 x2 dx 4JTE:o x 3 

magnitude of force on the dipole: 

F_I/EI ~_2pQ 
- dx n=r 4JT £0 ,3 

Alternatively: Same can be calculated as force on the point 
charge due to dipole which is same as the force on dipole due 
to point charge (Newton's 3rd law). The electric field of small 

dipole at a distance, is 
I 2p .' E ~ --- , . Hence, force on the pOInt charge Q IS 

4JT£0 r 

F ~ _1_2pQ 
4JTeo ,3 

DIPOLE IN A UNIFORM ELECTRIC FIELD 

Torque: When a dipole is placed in a uniform field as shown in 

Fig. 1.88,the net force on it: F} ~ [qE+( - q)E] = 0 

• 
/ 

d sinrfl 

- q • 
Fig_ 1.88 

Hence, net force on a dipole is zero in a uniform electric field. 
While the torque!" = q E x d sin ¢ 

i.e., r=pEsin¢{asp=qd} 

or :r = p x E (by electric field) 

and ? = E x P (by us if the dipole is in equilibrium) 

From the expression, it is clear that couple acting on a dipole 
is maximum (= pEl when dipole is perpendicular (¢ = 90") to 
the· field and minimum (= 0) when dipole is parallel (¢ = 0°) or 
antiparallel (¢ = 180°) to the field. 

By applying a torque, electric field tends to align a dipole in 

its own direction. 
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nlustrationl.30 An electric dipole consists of two charges 

of 0.1 IlC separated by a distance 0'-2.0 cm. The dipole is 
placed in an external field of 105 NC-1• What maximum 
torque does the field exert on the dipole? 
Sol. < = pE sine = q x 2a x Esine. Max. value ofr will be 
when sin e = 1 
.'. <max = 10-7 x 2 X 10-2 X 105 X I = 2 X 10-4 N-m 

Concept Application Exerdse 1.4 

1. State the following statements as true I false: 
a. An electric dipole is kept in a uniform electric fie ld at 

some angle with it. It experiences a force but no torque. 
b. An electric dipole may experience a net force when it 

is placed in a non-uniform electric field. 
c. An electric dipole is kept in a non-uniform electric field. 

It can experience a force and a torque. 
2. Electric intensity due to an electric dipole varies with dis-

tance as E ex: r". where n is _ _ _ 

3. An electric dipole of moment p is placed at the origin 
along the x-axis. The electric field E at a point P, whose 
position vector makes an angle e with the x-axis, will 
make an angle with x-axis is -c--

-q a 8 +q 

Fig. 1.89 

4. Two point charges of illC and - l llC are separated by a 
distance of 100 A. A point P is at a distance of 10 cm 
from the mid point and on the perpendicular bisector of 
the line joining the two charges. Find the electric field at 
P. 

S. An electric dipole consists of two opposite charges of mag
nitude 2 X 10- 6 C each and separated by a distance of 3 

cm. It is placed in un electric ficld of2 X 105 NC- l . De
termine the maximum torque on the dipole. 

6. Three charges are arranged on the vertices of an equi
lateral triangle as shown in Fig. 1.90. Find the dipole 
moment of the combination. 

. • 

+ 2q o-----

.' 
)$ .. . " 

" 

, , . 
d '. -- -- ----- -- --- ·0 - q 

Fig. 1.90 

7. The electric field at A due to dipole p is perpendicular to 
p. the angle () is __ _ 

Coulomb's Laws and Electric Field 1 .• 

A 

p 

, 

Fig, 1,91 

8. A dipole lies on the x-axis. with the positive charge +q at 

x = +~ and the negative charge at - ~. Find the electric 

flux ¢E through the yz plane midway between the charges. 
9. An electric dipole is formed by two particles fixed at the 

end of a light rod of length 1. The mass of each particle is 
m and the charges are -q and +q. The system is placed 
in such a way that the dipole axis is parallel to a uniform 
electric field E that exists in region. The dipole is slightly 
rotated about its center and released. Show that for small 
angular displacement motion is SHM. Evaluate its time 
period. 

- --------+. £ 

Fig. 1.92 

10. A dipole consists of two particles carrying charges +2 and 
- 21lC and masses I and 2 kg, respectively, separated by 
a distance of 6 m. It is placed in a uniform electric field of 
8x 104 Vm- I • For small oscillations about its equilibrium 
position, find the angular frequency. 

11. A small electric dipole of dipole moment P is placed 
near a point charge +Q as shown. Then, the net force on 
the dipole is towards __ _ 

L 

+ Q 

u 
p 

a 
Fig. 1.93 

R 

l' Example 1.1 A uniformly charged wire with lineal 

charge density l is laid in the form of a semicircle of ra· 
dius R. Find the electric field generated by the semicircle al 
the center . 

Sol. We consider a differential element dl on the ring, that sub· 

tends an angle de at thc center of the ring, 

dl = R de. Charge on this element = dQ =).,R de. 
This element creates a field dE which makes an angle e aI 

the center as shown in Fig. 1.94. For each differential elemenl 
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1.30 Physics for IIT-JEE: Electricity and Magnetism 

df=Rd~ 

elE 

eI,.; 

in the upper half of the ring, there corresponds a symmetri
cally placed charge clement in the lower half plane. The y
components of field due to these symmetric clements cancel" 
out and x-components remain. 

dQ A(Rd8)cos8 
dE,. = dE cos (J = cos (J = --'-;-::-:'-;;;,-

. 4m'I)R2 41t"soR2 

On integrating the expression for dE." W.f.t. angle (J, in limits 
(J = - rr /2 to (J = -I-rr /2, we obtain 

+:t/2 

E= cos8d8=--J AR : A 

4rrcoR2 2rrsoR 
~:t/2 

In terms of total charge, say Q, on the ring, A = Jl. and we 
rrR 

get E = Q 
2rr2t oR2 

If we consider the wire in the form of an arc as shown in the 
figure, the symmetry consideration is not useful in canceling out 
x- and y-components of the fields, if 81 and 82 are different. We 
will integrllte d Ex as well as dEy in limits 8 = - 81 to 8 = +82. 

Fig, 1.95 

For a sYlllmetrical are, 81 '= (h. Thus, E,. vanishes and 
A sin () 

E.\" = ---
2rr l'oR 

~9" A long wire with a uniform charge density 

A is bc~t in two configurations shown in figure (a) and (b). 
DctcrllllllC thc elech'ic field intensity at point O. 
Sui. Considcnl1iol1 of Fig. 1.96(a) 

Field due 10 segment (! ); 

I~:I = (4Jr:oR) I + ( - 4rr ~oR) ] 

, . , , , , 

~ __ '3 ____ p 
, , , 

Fig •. 1.96 

Field due to segment (2): 

, , , , , 

~ ( ).)' ( ). )' E2 = - 4rrsoR i + 4Jl" soR j 
Field due to quarter shape wire segment (3): 

~ ( ). )' ( ). )' E3= -- H -- j 
4JrsoR 4JrsoR 

, 
, y 

.. 

(b) 

Segment 1 L, 
------8. , , , , , 

R 0 ). " 

< ''''''' , ). , 
Ey Ey = -'<I:rrI';,R J 

Segmenl3 Segmenl2 Segmenl (I) 
). , 

• 

-----------1 E
y

: ~~ j). i o i .< 4:rr£J? 

I y 

L, 
Segmenl (2) Segment (3) 

Fig, 1.97 

Resultant field is superposition of fields due to each part. 
~ ~ 

E= E 1+E2+£3 (i) 

Substituting the values of E1, E2 and E3 in (i), 

~ ( ). )' ( ). )' E = 4Jl" eoR i + 4Jl" t oR j 

y 

L, tSegment I 
2 

Segment 2 

A , 
R 0 E,=~i 

mmfE'~4:~J "" 
E\. 

Segment (l) 
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A 
Here, E~, = £ ... = Hence, the rcsuhum field will 

41r£oR 
make lUi anglc of 45° wi!h the ax is. 
b. Field due \0 segment I, 

!. • 
£",= -- I 

· 41fEoR 

- A. 
£\' 1 =--- j 

· 4rr to R 
- . A ~ 
1:.'1= - -li - ) ) 

4Jr co R 

A • 
Field due to segment 2, E "2 = - -- i 

. 4JTEo R 
• A ~ 
E\'~=---J 

. ' 4rrsoR 

- A. £2=---(i + ] } 
41tEoR 

Fig. 1.99 -Field due tu segment 3, Ex) = 0, 

~ A". => E1 = - -j 
· 2JTEo R 

A 

~ 
Segment (3) 

- ).. 
En=--j 

2'lfEoR 

From principle of superposition of electric fields, 
--_ ..... A'A AAA 
E = EI + £2 + E) = --[i - 11- - -[i + j) 

Hence, nct fie ld is zero. 

411'F.uR 4ncoR 
A . 

+--)=0 
21fto R 

A particle having charge that of un elec

tron and mass 1.6 x 10- 30 kg is projected with an initial 
speed 1I at un anglc45° to the hori7.0lllal from the lower plate 
of a parallcl platc capacitor as sh~wlI in ligurc'. The plates 
arc sufficiently long and havc separation 2 em. Find the max· 
imum value of velocity of particle for it not to hit the upper 
plate. Take electric field between the plates = 103 Vm - l di
rected upward. 
Sol. Resolving thc veloci ty of particle parallel and rcrpcndieular 
to the plnte. 1/ <; /I 

'" = I/cos45° :;:: ;;; and 1/ 1 = II sin45" = . r,:: 
. . v2 ' . v2 

Force on the chnrged purticlc in downward direction normal 
to Ihe plate = it £ 

Coulomb's laws and Electric Field 1.31 

" ,<",I' .,. 
'2:':::::= = 

Fig. 1.100 

• eE 
:. Accelerati on a = -, where //I is the mass of charged 

m 
particle. 

The particle will not hit the upper plate, jf the velocity com
ponelli normal to plale becomes zero before reaching it, i.e .. 

o = III - 2(/)' with y .:: d, where d is the distance between 
the pl ates. 

.'. Maximum vclocity forlhe particle not 10 hit the uppcrplate. 

(fo r this y = (I = 2 crn) ,-___ _ ::----'-:-___ -:-

2 x 1.6 X 10- 19 x 10) X 2 x 10 2 

1.6 X 10-30 
11 .1. = ./2a), = 

= 2 x 106 rns - 1 

=> I/ mM = 1I.t./cos45° = 2../2 x llf ms- I 

A particle of mass m and charge q 1s re

leased at rest in a uniform field of magnitude E. The uniform 
field is created between two parallel plates of charge densities 
+0' and - 0', rtSI)cctively. The particle accelerates towards 
the other plate a distance d away. Detennine the speed at 
\"hleh it strikes the opposite plate. 

y 

q 
£ i , 

x -, . 
Orlgm 

Fig. 1.101 

Sol..The applied e lectric field is E = -EoJ 

The force experienced by the charge q, F = q E = - 'I EoJ 
The forcc is conSt;lnl, and so the acceleration is constant as 

well 

F qEo~ 
a= - =--j 

III 11/ 

Due to constant acceleration. the p..1 rtiele moves in -ve y_ 
direction; Ihe problem is analogous to motion of a mass released 
from rest in a grovitlltional fi eld. 

From equations of motion, 

qEo 
111 = lIyO + (I ). I = 0 - -I (i) 

m 
" , I 2 IqEo~ 

And )' = )'Il.,i,fol + - {l).1 ; 0 = (I + 0 - - -1- (ii) 
.. ", .2 2m 

Particle staMs Itt)'o = d and impact occurs at )' = 0 

. (2dll1)'" From equati on (i i), I = - .- . 
qEO 

. ' . .. q£o (2dll1) 1!2 j2q E{ld 
. From cquuuon (I), 11,. = --- - - ~ - - _ 

• " • . 111 q~ //I 

Two balls of charges qt and qz initially 

have a velocity of the same magnitude and dire"ction. After 
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1.32 Physics for IIT-JEE: Electricity and Magnetism 

a uniform electric field has been applied for a certain time 
interval, the direction of first ball changes by 60° and the ve
locity magnitude is reduced by half. The direction of velocity 
of the second ball changes thereby 90°. In what ratio will the 
velocity of the second hall change? Determine the magnitude 
of the charge-to-mass ratio of the second ball if it is equal 
to "I for the first ball. Ignore the electrostatic interaction 
between the balls. 

;~LE . 
60' 

" m, 
Initial condition 

Fig. 1.102 

Sol. Let the electric field on each bal! be given by 

E = Ex 1 + E y } 
From impulse-momentum equation, we have 
Impulse = Change in momentum 

" 

L 
Final condition 

Let the final velocities of the balls be Vt and V2. Nothing that 
VI = v/2, we have 

(i) 

Q2(Exl + E y J).6.1 =1112 (V2 cos 90° i + V2 sin 90° J) ~ III 2 vi (ii) 

On comparing the x- and y-components on both sides of equa-
tion (i), we get 

q) 3 ql v'3 
- Ex.6.1 = ~ -v and - Ey.6.1 = -0 
1111 4 III I 4 

Similarly, for equation (ii), we get 
q2 Q2 
-Ex.6.1 = - v and -Ey.6.1 = V2 
1112 ml 

(iii) 

(iv) 

From equations (iii) and (iv), by -dividing the equations ex
pression for x-components, we get 

qt!1ll1 3 
--~-

q2/ m 2 4 

q2 4 q) 
--= 

4 
-0, 
3 In2 3 m l 

J30 3 0 
- => V2 = 

40, 4 J3 
ql/1Il1 J30 

AlsQ,-- ~ 
40, => 

q2lm2 

A rigid insulated wire frame, in the form 
of right triangle ABC is set in a vertical plane. Two beads 
of equal masses III each carrying charges ql and qz are con
nected by a chord of length I and can slide without friction 
on the wires. Considering the case when the beads are sta-
tionary. determine (IIT-JEE, 1978) 

L the angle a. 
2. the tension in the chord, and 
3. the normal reactions on the beads if thc chord is not cut. 

What arc the values of the charges for which the beads 
continue to remain stationary? 

Sol. Because of equilibrium of charge ql 
NI = mg sin 600 +(T - F)sina . . . 

Fig. 1.103 

and(T- F)cosa = mg cos 60° 

N, 

mgcos 60° 

30' 

(T -F) coso: 

-*--1:°=--_T -F 
60' 

/IIg (T - F) sino: 

Fig. 1.104 
Because of equilibrium of charge q2 
(T ~ F) sin a = mg cos 300 

From (i) and (iii), NI = mg sin 60° + mg cos 300 

,v (T - F) sino: 

/)O:90 _a N2 ---..0,/ 

mgsin 300,¥ 
¥' 

(T - F) cow 
mg cos 30° , 

mg , " , ' , '. , , 
,--------~ 

Fig. 1.105 

=> N, ~ m{7 +~) ~ J3 mg 

From (ii) and (iv), 

(ii) 

(iii) 
(iv) 

~~~=w+~~.~~~(~+~)~~ 
Al F = k qlq2 so, [2 

Now, from equations (li) and (iii), we get 
(T - F)2 cos2 a + (T - F)2 sin2 a = m2g 2 cos2 60° 

+ m 2g2 cos2 30° 

:::} (T _ F)2 =m2
g

2 [~+~] =m2
g

2 

:::} T - F = ±mg (v) 

qlq2 
:::} T = mg + F = mg +kT (vi) 

[Taking positive sign] 

From (ii) and (v). 

mg cos a = mg cos 600 
:::} cos a = cos 600 

When the string is cut, T = 0 

q l q2 mg[2 
.·. -From(vi), mg=±kT :::} qlq2 = ± -k 
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Coulomb's Laws and Electric Field 1.33 

EXERCISES 

Su bjective Type SolutiollS 011 page 1.45 

1. Calculate the number of electrons in a small, electrically neu
tral silver pin that has a mass of 10.0 g. Silver has 47 electrons 
per atom, and its molar mass is 107.87 gmol- I . 

2. A charged particle of radius 5x 10- 7 m is located in a horizon
tal electric field of intensity 6.28 x 1 0~ Vm- I . The surround
ing medium has coefficient of viscosity 1'/ = 1.6x 105 Nsm-2. 
The particle starts moving under the effect of electric field 
and finally attains a uniform horizontal speed of 0.02 ms- I . 

Find the number of electrons on it. Assume gravity free space. 

3. Suppose that 1.00 g of hydrogen is separated into electrons 
and protons. Suppose also that the protons are placed at the 
Eanh's nonh pole and the electrons are placed at the south 
pole. What is the resulting compression force on the Eanh? 
(Given: Radius of earth is 6400 km). 

4. l\vo identical conducting small spheres are placed with their 
centers 0.300 m apart. One is given a charge of 12.0 nC and 
the other a charge of -1 8.0 ne. 
a. Find the electric force exerted by one sphere on the other? 
b,' If the spheres are connected by a conducting wire, find 

the electric force between the two after they have come 
to equilibrium. 

5. Four equal point charges each of magnitude +Q are to be 
placed in equilibrium al the corne rs of a square. What should 
be the magn itude and sign of the point charge that should be 
placed at the center of square to do this job? 

6. Two point electric charges of values q and 2q are kept at 
a distance d apart from each other in air. A third charge Q 
is to be kept along the same line in such a way that the net 
force acting on q and 2q is zero. Find the location of the 
third charge from charge 'q ' . 

7. 1\vo fixed point c harges +4e and +e unit are separated by a 
distance 'a'. Where the third point charge should be placed 
from +4e charge for it to be in equilibrium. 

8, 1\vo identical particles are charged and held at a distance of 
1 m from each other. They are found to be attracting each 
other with a force o f 0.027 N. Now, they are connected by a 
conducting wi re, so that charge fl ows between them. When 
the charge flow Stops, they arc fou nd to be repell ing each 
other with a force of 0.009 N. Find the initial charge on each 
particle. 

9. 1\vo similarly and equally charged identical metal sphcres 
A and B repel each other with a force of 2' x ' 1O-~ N. A 
third identical uncharged sphere C is touched with A and 
then placed at the mid-point betwccn A and B. Find the net 
electric force on C. 

10. Three point charges of +2I1C, -311 C and -311C are kept at 
the vertices At Band C respectively, of an equilateral triangle 
of side 20 cm as shown in the figure. What should be the sign 
and magnitude of the charge (q) to be placed at the mid point 
(M) of side BC so that th~ charge at A remains in equilibrium? 

Fig. 1.106 

11. 1\vo small beads having positive charges 3q and q are fixed 
at the opposite ends of a h,?rizontal, insulating rod, extending 
from the origin to the point x = d. As shown in figure; a 
third small charged bead is free to slide on the rod. At what 
position is the third bead in equilibrium? Can it be in stable 
equi librium? 

+ 3q + q 

01==' =0=() 
1<1.--- d--->l'1 

Fig. 1.107 

.12. A copper atom consists of copper nucleus surrounded by 
29 electrons. The atomic weight of copper is 63.5 gmol- I . 

Let us now take two pieces of copper each weighing 109. 
Let us consider one electron from one piece is transferred to 
anqther for every 1000 atoms in a piece. 
a. Find the magnitude of charge appearing on each piece. 
b. What will be the Coulomb force between the two pieces 

aftcr the transfer o f electrons if they are 10 cm apan? 

[Avogadro's number = 6 x 1023 mol -I ] 

13. A flat square sheet of charge of side 50 cm carries a unifonn 
surface charge density. An elcctron 0.5 em from a point near 
the center of the sheet experiences a force of 1.8 x 10- 12 N 
directed away from the sheet. Determine the total charge on 
the sheet. 

14, Particle of mass 9x 10- 31 kg and a negative charge of 
1.6 x 10- 19 C is projected horizontally with a velocity of 
106 ms- I into a region between two infinite horizontal 
parallel plates of metal. The distance between the plates is d 
= 0.3 cm and the particle enters O. r cm below the top plate. 
The top and bOllom plates arc connected, respectively, to the 
positive and negative terminals of a 30 V battery. Find the 
components of the velocity of the particle just before it hits 
one of the plates. 

y ", 

t 
• • • • 
-'" ". ! r ~ 

E 

- - - -
I. L .r 

Fig, 1.108 
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1.34 Physics for IIT-JEE: Electricity and Magnetism 

15. A solid spherical region having a spherical cav ity whose di
ameter'R' is equal to the radius of the spherical region, has a 
total charge' Q'. Find the electric field at a point P as shown. 

Fig. 1.109 

16. A sphere of radius R has a uniform volume density p. A 

spherical cavity of radius b whose center lies at -; = -; is 
removed from the sphere. 
a. Find the electric field at any point inside the spherical 

cavity. 
b. Find the electric field outside the cavity. 

S P@)" 
r _ 
a " 

Fig. 1.110 

17. A very long, solid insulating cylinder with radius R has a 
cylindrical hole with radius a bored along its entire length. 
The axis of the hole is a distance b from thc axis of the 
cylinder, where a < b < R (as shown in flgure). The. solid 
material of the cylinder has a uniform volume charge density 
p. Find the magnitude and direction of the electric field inside 
the hole, and show that this is uniform over the entire hole. 

Charge density p 

Fig. l.1l1 

18. Point charges q and - q arc located at the vertices of a 
squarc with diagonals 21 as shown in figure. Evaluate the 
magnitude of the electric fleld strength at a point locatcd 
symmetrically with respect to the vertices of the square at a 
distance x from the center: 

+q +q 
A 0,-------- -- -;9 [) , , , 
", / , , , , " , 'x' u : ,/ '" 
,,' '" 

BC>:--------~':.6 C 
- q - q 

Fig. 1.112 

19. Two mutually perpendicular long straight conductors carry
ing uniformly distributed ehargcs of linear charge densit ies 

Al and ,1..2 are positioned at a distance a from each other. 
How does the interaction between the rods depend on a? 

" 

" 

Fig. 1.113 

20. A ring of radius 0.1 III is made out of a th in metallic wire of 
area of cross section 10-6 m2. The ring has a uniform charge 
of T[ coulombs. Find the change in the radius of the ring 
when a charge of IO-~ coulomb is placed at thc center of the 
ring. Young's modulus of the mewl is 2 x IOtt Nm-2, 

2l. A charged cork ball of mass /II is suspended on a light string 
in the prescnce of a uniform electric fi eld as shown in flgure. 
When E = (Ai + B])NC- 1

, where A and B are positive 
numbers. the ball is in equilibrium at the angle 8, Find a. the 
charge on the ball and b. the tension in the string. 

y 

-1-, 
'I 

Fig. 1.114 

22. A ring of radius R has charge -Q distributed uniformly over 
it. Calculate the charge that should be placed at the center of 
thc ring such that the electric fidd becomes zero at a point 
on the axis of the ring distant' R' from the center of the ring. 

23. Two identical small equally charged conducting balls are 
suspended from · long threads secured at one point. The 
charges and masses of the balls arc such that they are in 
equilibrium whcn thc distance between them is (/ (the Icngth 
of th read L » a), One of the balls is then d ischarged. 
What will be the distance b (b « I) between the balls when 
equ ilibrium is restored? ' 

24. Two point charges Q" and Qb are positioned at points A and 
B. The field strength to the right of charge Qb on the line 
that passes through the two charges varies according to a law 
that is rcpresented schematically in the figure accompanying 
the problem (without employing a definite scale). The field 
strength is assumed to be positive if its direction coincides 
with the positive direct ion of x-axis. The distance between 
the charges is I = 21 em (Fig. 1. 115). Find 
a. the signs of the charges. 
b. the ratio of the absolute values of charges Q" and Q/,. 
c. the coordinate x of the point where the field strength is 

maximum. 

25. Two semicircular wires A Be and A D C each of radius' R' 
arc ly ing on x-y and x-z plane, respectively, as shown in the 
Fig. 1.116. If the linear chargc density of the semicircular 
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E 

1'" 21cm 

~:::::;~' 2~1-t~----~,-~~==" 
A Bo :24 : .. / x (in cm) 

:X2 ' 

Fig. 1.115 

parts and straight parts is A, find the electric field intensity 

E al the origin. 

A 

y 

, , , 
,8 

-' c 

Fig. I.I 16 

N 

-, 

26. An in fin ite wire having linear charge densi ty).. is arranged 
as shown in Ihe Fig. 1.1 17. A charge particle of mass III and 
chargcq is released from poim P. Find the initial acceleration 
of the particle (at t = 0) just after Ihc particle is released. 

y 

, 

Fig. 1.117 

R 

Semicircular 
loop 

" 

27. Three small balis, each o f mass III arc suspended scpamlely 
from a common point by three silk threads, each of length I.. 
Th~ balls arc idcnlically charged and hang at Ihccomcrs of an 
cquilatcnlltriangle of side x. Whar is Ihe charge on each ball? 

28. lWo simi lar balls, each of Illass lit and charge q. are hung 
from a common point by two sil k threads, each of length I 
(Fig. 1.11 8). Prove that separation between the balls is 

x = [ q'/ ] 1/) , if () is small. 
21!' Eomg 

Find the rate dq with which the charge should leak off 
d, 

each sphere if their velocity of approach varies as v = a/-IX, 
where a is u constant. 

29. Three equalnegutivc charges, -ql each. form the vertices of 
an equi lateral triangle. A particle of mass 11/ and a positive 

Coulomb's laws and Electric Field 1.3 ~ 

(1)11 ----.- - _ _ 'I.m 
I ~ 

Fig. I.l18 

churgc f/2 is constrained to move along a line perpendicular 
to the plane of triangle and through its center which is at a 
distnnee J' from each o f the negative churges as shown in 
figure. The whole system is kept in gravity free space. 

- 1/ 1 

Fig. 1.119 

Find the ti llle period of vi brat ion of the p:ulicle for 
small d ispl:lccmcnt from equil ibrium position. 

30. A ball of radius R carries a positive clmrge whosc volume 
density at a point is given as p = AI( I - r/ R). where Po is 
u constant and I' is the d i .~tance of the point from the center. 
Assuming the l>errnillivities of the ball and the environment 
to be equulto unity. find 
u. the magni tude of the electric field strength as a function 

of the distance /' both ins ide and outside the hall 
b. the maximum intensity Em", and the corresponding 

distance 1'",. 
31. The Fig. 1. 120 shows two dipole moments parallcl 10 each 

other and placed lit a d istance x apart. What is the nla£ llitude 
of force of interaction? What is the nature of force. llllraclive 
or repulsive? 

---t p,- - - - - - - - - - -- - - - --1-,;,-
I - .\ " I 

Fig. 1.120 

32. Two dipoles I' . and 1'2 arc plllccd along the same ax is at a 
d istllnce x apart. as shown in Fig. 1.121. What is magni tude 
of force of interaction'! What is the nature o f force. aUracli ve 
0 1' repu lsive? 

1'1 1'2 
--~ - --- ------~---1+-------.,.-----. , 

Fig. 1.121 

33. A shon dipole is placed along x-ax is at x = .\' (Fig. 1. 122). 
II. Find the force a<.:t ing on the dipole due to a poi nt charge 

q placed at origin. 
b. Find the force 011 dipole if the dipole is rotaled by I HO' 

nbolll <: -uxis. 
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1.36 Physics for lIT-lEE: Electricity and Magnetism 

y 

-:q+~----,---->---'.p--- ' 
Fig. 1.122 

c. Find the force on dipole if the dipole is rotated by 900 anti
clockwise about z-axis, Le., it becomes parallel (0 y-axis. 

Objective Type Solu,jom 011 poge 1.5/ 

1. If a body is charged by rubbing ii, ils weight 

a. always decreases slightly 
b. always increases slightly 
c. may increase slightly or may decrease slightly 
d . remains precisely Ihe same 

2. In S.l. system, the value of 60 is 
a. I C2N- lm-Z 

b. 9x 10') C2N- l m- 2 
I 

c. C2N- 1m- 2 
9 x 1()9 

J 2 - I - 2 
d. 41l'x9xlO9CN m 

3. Dimensions of 60 are 
a. M- 1 L - 3r 4 AZ h. MOL - 3T 3 AJ 

4. The dimensional formula of electric intensity is 

a. MLT- 2A- 1 b. MLT-3A- 1 

5. The dielectric constant K of an insulator can be 

a. - I b. ·O c. 0.5 d.5 

6. Choose the correct statement: 

a. The total charge of the universe is constant. 

b. The lotal number of the charged particles is constant. 

c. The total positive ctlarge of the universe remains con
stant. 

d. The total negative charge of the universe remains con
stant. 

7. Two neutrons are placed at some distance apart from each 
other. They will 

a. attract each other 
b. repel cach other 
c. nei ther attract nor repel each other 
d. cannot say 

8. When a soap bubble is charged,.its size 

a. increases 
b. decreases 
e. remains the same 
d. increases if i,t is given positive charge and decreases 

if it is given negative charge 

9. Two point charges cenain distance apart in air repel each 
other with a force F. A glass plate is introduced between 
the charges. The force becomes Flo where 
a.FI <F b.FI =F 

c. F\ > F d. data is insufficient 

10. There are two charges + tllC and + 5 1lC. The ratio of the 
forces (force on one due to other) acting on them will be 

11. 

12. 

a.I : 1 b.I :2 c. I: 3 d.I :4 

Two point charges Ql and Q2 arc 3 m apart, and their sum 
of charges is 10 IlC. If force of attraction between them is 
0.075 N, then the values of Ql and Q2 respectively, are 
a. 5 /le. 5/lC b, 15/lC, - 5/lC 

c. Slle, IS/lC d. -15 IlC, S/lC 

A cen ain charge 'Q' is to be divided into two parts q 
and Q - q. What is the relationship of ' Q' to 'q' jf the 
two parts. placed al a given distance 'r' apart are to have 
maximum Coulomb repulsion? 

a. q =- Q 
2 
2Q 

c. q= T 

Q 
b. q = '3 

Q 
d. q = "4 

13. Three charged p<'lftides arc placed o n a straight li ne as 
shown in figure. ql and q2 are fixed but q) can be moved. 
Under the action of the forces from q l and Q2, q3 is in 
equi librium. What is the relation between ql and Q2? 

0 .< 0 
, 

0 
q, q, " Fig. U23 

•• ql = 4q2 b. Cil = -q2 

C. ql = -4qz d. ql = q2 

14. Two partic les A and B (B is right of A) having charges 8 x 
10- 6 C and -2 x 10- 6 C, respectively, are held fixed with 
separation of20 cm. Where should a third charged particie 
be placcd so that it does not experience a net electric force. 

IS. 

16. 

a. 5 cm right of B b. 5 cm left of A 

c. 20 cm left of A d. 20 em right of B 

Five balls numbered 1, 2, 3, 4, 5 are suspended using 
separate threads. The ~alls (I , 2), (2, 4) and (4, I) show 
e lectrostatic attraction, while balls (2, 3) and (4, 5) show 
repulsion. Therefore, ball I must be 

a. negatively charged , b. positively charge 

c. neutral d. made of metal , 
Electric charges A and Bl,fCpel each other. Electric charges 
Band C alsorepcl other. If A and C are held ciose together. 
they will 
a. attract b. repel 

c. not affcct each other d. none of these 

17. Two point charges repel each other "iith a force of 100 N. 
One of the charges is increased by 0% and the other is 
reduced by 10%. The new force of r pulsion at the same 
distance would be 

a. lOON b. 21N 

c. 99N d. one of these 
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18. Three charges +Q" +Q2 and q are placed on a straight 
line such that q is somewhere in between +Q I and +Q2' 
If this syste m of charges is in equilibrium. what should be 
the magnitude and sign of charge q? 

QlQ2 
a. 2.+ve 

(./Q, + ./Q,) 
QI + Q2 

h. 2 ,+ve 

Q IQ2 
c. 2,-ve 

(./Q, + JQ;) 
Ql +Q2 

d. 2 , - ve 

19. Two positive and equal charges are fixed at a cCltain dis
tance. A third small charge is placed in between the two 
c harges and it experiences zero net force due to the other 
two. 

a. The equilibrium is stable if small charge is positive 
h. The equilibrium is stable if small charge is negative 
e. The equilibrium is always stable 
d. The equilibrium is not stable 

20. An isolated charge ql of mass III is suspended freely by 
a thread of le ngth I. Another charge q2 is brought near 
it (r > > I). When ql is in equilibrium, tension in thread 
will be 

a. mg 
c. <mg 

Fig. 1.124 

b. >mg 
d. none of these 

21. Three equal charges, each +q '. are placed on the corners of 
an equilateral triangle of side a. Then, the coulomb force 
experienced by one charge due to the rest of the two is 

a. kq2/a2 b. 2kq2/a2 

c • ./3kq2/a2 d. zero 

22. A positively charged ball hangs from a long silk thread. 
Electric fi eld at a cerlai.n point (at the same horizontal level 
of ball) due to this charge is E. Let us pUI a positive test 
charge .go at this point and measure F/qO on this charge. 
Then, E 

a. >F/qO b. <Flqo 

c. = F/qO d. none of these 

23. Electric field near a straight wire carrying a steady current 
is 

a. proportional to the distance from the wire 
b. proportional to inverse square of the distance from 

the wire 
c. inversely proportional 10 the distance from the wire 
d. zero 

Coulomb's laws and Electric Field 1.37 

24. A forceof2.25 N acts on a charge of l5x 10- 4 C. Calculate 
the intensity of electric field at the point. 

a. 1500 NC- 1 b. 150 NC- I 

c. 15000 NC- 1 d. none of these 

25. An C\:" panicle is situated in an e lectric field of strength 15 
x 104 NC- 1. Force acting on it is 

a. 4.8x 10- 12 N b. 4.8x 10-14 N 

c. 48 x 10- 14 N d. none of these 

26. Two pan icles of masses in the ratio ·1 : 2, with charges in 
the ratio 1 : I, are placed at rest in a uniform electric field. 
They are released and allowed to move for the same time. 
The ratio of their kinetic energies will be finally 
3.2 : 1 b.8:! c.4:l d.l:4 

27. Three equal charges, each +q, arc placed on the comers 
of an equilateral triangle. The electric field intensity at the 
centroid of the triangle is 

a. kqJr2 b. 3kqJr2 

c • ./3kqJr2 d. zero 

28. A point charge of 100 IlC is placed at 37 + 4] m. Find the 
electric field intensity due to this charge at a pointlocattd 
at 97+12] m. 

a. 8000 Vm- I b. 9000 Vm- I 

c. 2250 Vm - I 

29. Electric lines of force 

B. exist everywhere 

d. 4500 Vm- 1 

b. exist only in the immediate vicinily of electric charges 
Co exist only when both positive and negative charges 

are near one another 
d. are imaginary 

30. Two charges QI = 18 IlC and Qz = - 2 IlC are separated 
by a distance R and Ql is to the left of Q2. The distance 
of the point where the net electric field is zero is 

a. between Q. and Q2 b. left of QI at RI2 

c. right of Q2 at R d • . right of Q2 at RI2 

31. Determine the electric field intensity at point P due to 
quadruple distribution shown in figure for r > > a. 

~~==::jt k 
, 

, • • 0 
+q -2q +q 

Fig. 1.125 

b. kqa2Jr4 

d. 6kqa2/r2 

32. An oil drop. carrying six electronic charges and having a 
mass of 1.6 x 10- 12 g. falls with some tenninal velocity 
in a medium. What magnitude of venical electric fi eld is 
required to make the drop move upward with the same 
speed as it was formerly moving downward with? Ignore 
buoyancy. 
a. l()-'l NC- 1 b. 10" NC- 1 

c. 3.3x I~ NC- I d . 3.3x lOS NC- I 
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1.38 Physics fo r JIT·JEE: Elect ricity and Magnetism 

33. What is the largest charge a meta l ball of J mm radius can 
hold? Dielectric strength of air is 3 x Ilf'Vm- l . 

a. 3 nC b. J/3 nC 

c. 2 nC d . 112 nC 

34. Five point charges. +q each, arc placed at the fi ve vert iccs 
of a regular hexagon. The d istance of center of hcxagon 
from any oflhe vertices is a. The electric field al the center 
of the hexagon is 

q 
a.-

411" 80a2 

q 
c. '1;;6~-::-::'o-a:;' 

q 

d. zero 

35. A ring of charge with radius 0.5 In has 0.00211" m gap. If 
the ring carries a charge of +31 C, the electric field al the 
center is 

36. 

37. 

+ + + 
+ + 

+ 
+ 

+ 
+ 

+ + + 

Fig. t.l26 

a. 7.5 x 107 NC- I 

c. 6.2 X 107 NC- ' 

+ 

+ 
+ 
+ 

b. 7.2 X 107 NC- 1 

d. 6.5 X 107 NC- I 

A block of mass m containing a net negative charge - q is 
placed on a friction l ~ss horizontal table and is connected 
to a wall through an ullstretched spring of spring COllstant 
k as shown. If horizontal electric field E parallel to the 
spring is switched on, then the maximum compression of 
the spring is 

• ~ //I - q 

a. '/q./ k 
e. qElk 

Fig. 1.127 

b. 2qElk 

d. zero 

Figure shows the electric lines of fo rce emerging from a 
charged body. If the e lectric fie lds at A and Bare E,\ and 
Eo. respectively, and if the distance between A and B is 
r, then 

, 
A ~--- -- -- --- - _ nn _ _ . 8 

li'ig. 1.128 

38. 

39. 

a. EA > Eo 

c. E" = ERJr 
b. E" < ER 
d. E" = Eolr2 

If an electron has an ini tial velocity in a d irection differen' 
from that of a uniform e lectric field , the path oftheelectro[ 
is 

a. a straight line b. a circle 

c. an ellipse d. a parabola 

An electron is taken from a point A to point B along the 
path AB in a uniform electric field of intensity E = Ie 
Vm- I. Side AB = 5 m and side Be :: 3 m. Then, the 
umount of work done is 

AZu_nn ____ Jc 

a. 50 eV 
c. - 50 eV 

• 
Fig. 1.129 

b. 40 eV 
d. -40 eV 

40. A point charge q, is moved along a circular path of radius 
r in the e lectric field of another point charge qI at the 
center of the path. The work done by the e lectric fie ld on 
the charge ql in half revolution is 

a. zero b. positive 
c. negative d. none of these 

41. A spherical conducting ball is suspended by a grounded 
conducting thread. A positive point charge is moved near 
the bal!. The ball will 

a. be allracted to the point charge and swing toward it. 
b. be repelled from the point charge and swing away 

from it. 
c. not be alTected by the point charge 
d. none of these 

42. Two point charges are located on the positive x-axis of a 
coordinate system (us sh<;>wn in figure). Charge ql = 1. 0 
nC is 2.0 em fro m the' origin, and charge q2 = -3.0 nC is 
4.0 em from the origin. What is the total force exerted by 
these two charges on a charge q3 = 5.0 nC located at the 
origi n? Gravitational forces are negligible. 

n. 28J..1 N d irected to the left 
b. 28 J..IN directed to the right 
c. 196 pNdirccted to theleft 
d. 196 /lN directed to the right 

Fig. 1.130 

43. Three +ve charges of equal magnitude 'q' arc placed at 
the vertices of an equilateral triangle of side '1'. How clln 
the 1iystcm of charges be placed in equilibrium? 

u. By placing a charge Q = ( - ~) at the centroid of 

the triangle 
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b. By placing a charge Q = (~) at the centroid of 

the triangle 
c. By placing a charge Q = q at a distance f from all 

the three charges 
d. By placing a charge Q = -q above the plane of the 

triangle at a distance f from all the three charges 
44. In figurc, two cqual positive point charges ql = q2 

= 2.0 J.l C interact with a thi rd point charge Q = 4.0 jlc. 
Find the magnitude and direction of the net force on Q. 

q] = 2.0 ~C 

r 0.5 0111 
0.30 In 

Q=4.0J.!C 

-:!-+----;=--,--'-'a'-{++f-~+ 
0.40 m 

0.30 In 

L 
(j2 = 2.0 ~C 

Fig. 1.131 

a. 0.23 N in +x direction 
b. 0.46 N in +x direction 
c. 0.23 N in -x direction 
d. 0.46 N in -x direction 

45. Three identical spheres, each having aeharge q and radius 
R, are kept in such a way that each touches the other two. 
F ind the magnitude of the electric force on any sphere due 
to other two. 

a. 1 ('I)' 
4;rrco R 

b. ~ ('I)' 
4lfSO . R 

c. ~ ('I)' 
16JTEo R 

d. ,/5 ('I)' 
l6;rrso R 

46. Five point charges, each of value +q , are placed on five 
vertices of a regular hex agon of side L. What is the mag
nitude of the force on a point charge of value -q cou lomb 
placed at the center of the hexagon? 

a. 1 (") ' b. 2 (") ' 
;rrso L ;rrso L 

1 ('I)' 1 (") ' 
c. 2;rrEo LjI d. 4;rrto L 

47. It is required io hold .equal charges, q, in equilibrium at 
the corners of a square. What charge when placed at the 
center of the square will do thi s? 

a. -!} (I + 2v'2) b. % (I + 2v'2) 
c.li(I +2..12) d. -%(1+2..12) 

48. A point charge q = -8.0 nC is located at the origin. Find 
the electric./1eld (in NC- 1) vector at the point x == 1.2 m, 
y = - 1.6 m (as shown in Fig. 1.132). 

a, - 14.41 + 1O.8J b. -14.41- 10.8) 

c. -1O.8i + 14.4] d. -1 0 .87 - 14.4J 

Cou lomb's laws and Electric FieLd 1.39 

y 

o q- - •. OnC 

' .7 . _.-->1 
F'.g, 1.132 

49. A positive point charge 50 IlC is located in "the plane 
xy at a point with radius vector TO = 27 + 3). Evaluate 
the electric fielJ vector E at a point with radius vector 
T = 87 - 5], where ro and r are expressed in nlCtcrs. 

50. 

51. 

52. 

a. (1.41 ·.- 2.6)) kNC- 1 b. (1.47 + 2.6]) k..~C-1 

c. (2.71 - 3.6]) kNC-' d. (2.71 + 3.6]) kNC- ' 

A charge q = I IlC is placed at point (3 m, 2 ro, 5 m). 
find the electric fieLd vector at point P (0 m, -4 m, 3 m). 

a. - 3~3 (31 + 6] + 2k) kNC' 

b. ~ (31 - 6] + k) kNC' 
343 

c. ~ (31 +6] + 2k) kNC-' 
343 

d. ~ (31 + 6] + 2k) kNC-' 
343 

Four identical charges Q arc fixed at the fou r corners of 
a square of side a. Find the electric field at a point P 

a 
located symmetrically at a distance v'2, from the center 

of the square. 
Q Q 

a. ,,~----c b. '" 
2v'2,;rr Boa2 v 2lf soa2 

2..12 Q ..12 Q 
~ d. , 

;rrEoa2 ;rrsoa 

A th in glass rod is bent into a semicircle of radius r. A 
charge +Q is uniformly distributed along the upper half 
and a charge - Q is uniformly distributed aLong the lower 
half, as shown in Fig. 1.133. CalcuLate electric field E at 
P, the center of semicircle. 

B 

Fig. 1.133 

2Q 
b. ;rr 2sor2 
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1.40 Physics for UT.JEE: Electricity and Magnetism 

53. 

4Q d Q 
c. Tr 2Eor2 • 4Tr2Eor 2 

A system consists o f a thin charged wire ring of radius r 
and a very long uniform ly charged wire oriented along the 
ax is of the ring. with one of its e nds coinciding with the 
center of the ring. The total charge on the ring is q and the 
li near charge density on the straight wire is ' A. Evaluate 
the interaction force between the ring and the wire. 

a. 

c. 

Aq Aq 
b. 

47l' Eo r 

2./iAq 
d. 

2.JinEor 

4Aq 
Tr EO r ;rEor 

54. Find the electric field vector at P (a, a, a) due to three 
infi nitely long lines of charges along X·, y~ and z~axes re~ 
spectively. The charge density, Le., charge per unit length 
of each wire is A. 

55. 

y 

z 
Fig. 1.134 

A • • , 
• • -3 (i+} +K) 

1rEoQ 

A ., ~ ~ 
'" (, + j+k) 

2v2TrEOQ 
c. 

A ~ ~ ~ 
b. - - ( i + ) +k) 

27l'EQ<l 

./iA . • , 
d. - -(i +) +K) 

n Eoo 

A particle of mass m and charge - q moves diametrically 
through a uniformly charged sphere of radius R with total 
charge Q. The angular frequency of the particle's simple 
harmonic motion, if its amplitude < R, is given by 

j I qQ j 1 qQ 
a. 41tE;; ;;;Ji b. 4rr EO m R2 

I 
c. 

56. A particle of mass m carrying a positive charge q moves 
simple harmonically along x~axis under the action of a 
varying e lectric fie ld E directed along x-axis. The motion 
of the panicle is confined between x = 0 and x = 21. The 
angular frequency of the· motion is w. Then, which of the 
following is correct? 

a. q£ = - m«.>2(x - 1) 

b. qE = mUl2(x - I) 

c, Electric field to the right of origin is d irected along 
+ve x ·axis for all values of x. 

d . Electric fie ld to the right of origin is directed along 
-ve x-axis for all values of x . 

57. A circular ring carries a uniformly distributed positive 
charge and lies in X - Y plane with center at origin of co
ordinate system. If at a point (0, 0, z) the electric field is 
E, then which of the following graphs is correct? 

58. 

y y 

t t 
E E 

z .. 
y 

t 
E 

<. d. 

Fig. 1.135 

Two identical positive charges are fixed on the y-axis, at 
equal d istance from the origin 0, a negatively charged 
panicle stans on the x-axis at a large distance form 0, 
moves along the x-ax is, passes through 0 and moves far 
away from O. Its acceleration Q is taken as positive along 
its direction of motion. The panicle's acceleration 0 is 
plotted against its x-coordinate. Which of the following 
best represents the plo t? 

•• b . 

o 

<. d. 

Fig. 1.136 

Multiple Correct 
Answers Type Solutions on poge 1.57 

l. A wire having a uniform linear charge density A, is bent 
in the form of a ring of radius R. Point A as shown in the 
Fig. 1. 137. is in the plane of the ring but not at the center. 
Two elements of the ringof lengths a l and 02 subtend very 
small same angle at the point A. They are at distances rl 
and r2 from the point A; respectively. (1:2 > rl) 

a. The ratio of charges of elements al and a2 is rdr2' 

b. The element a J produced greater magnitude of elec
tric fi eld at A than element (/2. 

c. The clements aJ and a2 produce same potential at A. 
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Fig. 1.137 

d. The direction of net electric field produced by ele
ments only at A is towards element a2. 

2. For the arrangement shown in the Fig. 1. 138, the two pos
itive charges. +Q each, are fixed. Mark out the correct 
srarement(s) regarding a third charged particle q placed at 
mid point P that can be displaced along or perpendicular 
to the line connecting the charges. 

C 
I 
I 
I 

. yIl -1 f 
+Q p~ +Q I+--a_:_a--., 

I 
I 
I 
D 

Fig. 1.138 

a. The particle will perform SliM for x < < a. 
b. The particle will oscillate about P but not hannoni

cally for any x. 
c. The particle will perform SHM for y < < a. 
d. The particle will oscillate about P but not harmoni

cally for y comparable to a. 
3. A particle of mass In and charge -q has been projected 

from ground as shown in the Fig. 1.139 below. Mark out 
the correct statcment(s). 

y 

1/ _E(Auniform 
electric field) 

, 
"-'''------- +X 

Fig. 1.139 

a. The path of motion of the particle is parabolic. 
b. The path of motion of the particle is a straight line. 

2!( sin () 
c. Time of flight of the particle is . 

". ;1,1 

.d. Range of motion of the particlJt· ·on be less than, 
u2sin28\<; 

greater than or equal to ::...== 
g 

4. Two point charges of different magnitudes and of opposite 
signs are separated by some distance. There can be 

a. only one point in space where net electric field inten
sity is zero 

Coulomb's Laws and Electric Field 1.41 

b. only two points in space where net electric potential 
is zero 

c. infinite number of points in space where net electric 
field inten'sity is zero 

d. infinite number of points in space where net electric 
potential is zero 

5. For the arrangement shown in Fig. 1.140, the two point 
charges are in equilibrium. The infinite wire is fixed in the 
horizontal plane and the two point charges are placed one 
above and the other below the wire. 
Considering the gravitational effect of the earth, the nature 
of q] and q2 ean be 

f q'i nI, 

1", I 

.:'?"_-H-I -- Fixed 
: charged wire 

" I 

1 q,llll
1 

Fig. 1.140 

a. ql ~ +ve, q2 ~ +ve 
b. ql ~ +ve, q2 "-""+ -ve 
c. ql ~ -ve, q2 -T -ve 
d. ql ~ -ve, q2 -T +ve 

Assertion-Reasoning 
Type SolutiOtlS on page 1.57 

In the following questions, each question contains Statement I 
(Assertion) and Statement II (Reason). Each question has four 
choices (a), (b), (c) and (d). out of which ONLY ONE is correct. 

a. Statement I is True, Statement II is True; Statement 
II is a correct explanation for Statement I. 

b. Statement I is True, Statement II is True; Statement 
II is NOT a correct explanation for Statement I. 

c. Statement I is True, Statement II is False. 

d. Statement I is False, Statement II is True. 

I. Statement I: If a point charge be rotated in a circle around 
another charge at the center of circle, the work done by 
electric flcld will be zero. 
Statement II: Work done is equal to dot product afforce 
and displacement. 

2. Statement I: A positive point charge initially at rest in a 
uniform electric fie ld starts moving along electric lines of 
forces. (Neglect all other forces except electric forces) 
Statement II: A point charge released from rest in an 
electric field always movcs along the lines of force. 

3. Statement I: When a neutral body acquires +ve charge, 
its mass decreases. 
Statement II: A body acquires +ve charge when it loses 
electrons. 
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1.42 Physics for IIT-JEE: Electricity and Magnetism 

4. Statement I: Two similarly charged bodies may attract 
each other. 
Statement II: When charge on one body (Q) is much 
greater than that on another (q) and they are close enough 
to each other, then force of attraction between Q and in
duced charges exceeds the force of repulsion between Q 
andq. 

S. Statement I: Charge is quantized because only integral 
number of electrons can be transferred. 
Statement II: There is no possibility of transfer of some 
fraction of electron. 

Comprehension 
Type Sollllions 0/1 page J .57 

For Problems 1-2 
1\\10 small identical conducting balls A and B of charges of + 
10 IlC and +30 IlC, respectively, arc kept at a separation of 50 
cm. These balls have been connected by a wire for a short time. 

1. The final charge on each of the balls A and B will be 
a. 10 IlC and 30 )..IC, respectively 
b. 20)..lC on each ball 
c. 30)..lC and 10 IlC, respectively 
d. --40 IlC and 80 )..IC, respectively 

2. The force of interaction between the balls is 
a. 28.8 N b. 32.6 N c. 14.4 N d.72N 

For Problems 3-S 
1\\10 free point charges A and B having charges +q and +4q, 
respectively, arc a distance I apart. A third charge is so placed 
that the entire system is in equilibrium. 

3. The third charge should be placed 
. / 

a. left of A at a distance "3 from A 

b. right of A at a distance ~ from B 

2/ . 
c. between A and B at a distance "3 from A 

d. between A and B at a distance ~ from A 

4. The third charge has magnitude and sign 

a. Q~ H) q 

b·Q~mq 
c·Q~mq 
d. Q~ H) q 

S. Two charges of +Q each are placed at two opposite corners 
of a square. A charge q is placed at each of the othcr two 
corners. If the resultant foree on Q is zero, what should be 
the value of q in terms of Q? 

q 
a. q ~ (3v2) 

. Q 
b.q~ (2v2) 

Q 
c·q~-(2v2) 

Q 
d. q ~ - (3v2) 

For Problems 6-8 

'" 

'" 

5.00 elll 

Fig. 1.141 

Three charges arc placed as shown in Fig. 1.1 41. The magnitude 
of q l is 2.00 Ilc' bUI its sign and the value of the charge (j2 are 
not known. Charge q) is +4.00 IlC, and the net force on (j3 is 
entirely in Ihe negative x-direction. 

6. As per the condition given in the problem the sign of ql and 
q2 will be 
a. +. + b.+.- c. -.+ 

7. The magnitude of q2 is 
27 27 13 

a. - IlC b. -"C c. -"C 64 32 32 

8. The ITIngnitude of force nCling on (j3 is 
a. 25 .2 N b. 32.2 N c. 56.2 N 

For Problems 9-10 

d. 

13 
d. - )..IC 

64 

d. 13.5 N 

A hollow conducting ball has a single positive charge +q fixed 
at the centcr. The ball has r:o net charge. 

9. The charge on the inner surface of the ball is 
a. +2q b. +(j c. - q d.O 

10. Thc charge on the outer surface of the ball is 
a. +2q b. +q c. - q d. 0 

For Problems 11- 12 
Suppose that a net charge +q is placed on the bnll in the previous 
question; the point charge remains at its eenlcr. 

11. The charge on the inncr surface of the ball is 
a. +2q b. +q c. - q d.O 

12. The charge on the outer surface of the ball is 
a. +2q b. +q c. -q d.O 

For Problems 13- 14 
The positive charge at the center of the ball in question 9-10 
is moved off center closer to the inner surface, but it does not 
touch the inner surface. 

13 . . The total charge on the inner surface of ball will 
n •. lJlcrease 
b. decrease 
c. remain the same 
d. change, depending on how closc the ball gcts 10 the inner 

surface 
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14. The total charge on the outer surface of ball will 
a. increase 
b. decrease 
c. remain the same 
d. change, depending on how close the ball gets to the inner 

surface 

For Problems 15-17 

y 
, , , 

'<,~ , , 

Q, ' , 
Q~ , 

l~ , , , , -1>-
Fig. 1.142 

Two point like charges Q l and Q2 are posi tioned at points 
and 2. The field intensity to the right of the charge Q2 on the 
line that passes through the two charges varies according to a 
law that is represented schematically in the Fig. 1.142. The field 
intensity is assumed to be positive if its direction coincides with 
the positive direction on the x-axis. The distance between the 
charges is t. 

15. The sign of eaeh charge Q 1 and Q2 is 
a. +,-:- h. -,+ c. +,+ d. -,-

16. Find the ratio of the absolute values of the charges 1 ~~ I. 

a. (":')' b. G)' c. C:,)' d. G)' 
Find the value of b where the fi eld intensity is maximum. 

I b' 
a. (Ql/Q2)1/3 + I . (Ql/Q2)1/3 _ I 

I , 

c. (Q2/Q I) 1/3 + 1 d. (Q2IQI)I/3 _ I 

17. 

For Problems 18-19 

q, 13.0 em II, 

Fig. 1.143 

Two charges are placed as shown in Fig. 1.143. The magnitude 
of q! is 3.00 f.lC, but its sign and the value of charge q2 arc not 
known. The direction of net electric field at point P is entirely 
in the negative y-direction. 

IS. The signs of ql and q2 is 
a. +, - b. -, + c. +, + d. -.-

19. Determine the magnitude of E 
a. 2.30 x 107 NC- I b. 1.J7 X 107 Nc- I 

c. 3.55 X 107 NC-! d. 4.2 X 107 Nc- I 

Coulomb's Laws and ELectric Field 1.43 

For Problems 20-21 
Four equal positive charges, each of value Q, are arranged at the 
four corners ofa square of diagonal2a. A small body of mass m 
and carrying a unit positive charge is placed at a height h above 
the center of the square. 

20. What should be the value of Q in order that this body may 
be in equil ibrium? 

111&, 23/' mg 2 23/2 a. Trcl)- (II ... ·2a ) b. TrcO-h (h + a ) 
2h 

C. ][£0 2111g (h 2 T 2a 2)3/2 d. ;r&o mg (h2 _ a2)3/2 
II 2h 

21. The type of equilibrium of the point mass is 
a. stable equilibrium b. unstable equilibrium 
c. ne.utral equilibrium d. cannot be determined 

For Problems 22-25 

_2m_ 

Fig. 1.144 

An electron is projected with an initial speed 1)0 .= 1.60 
X 108 ms- I into the uniform field between the parallel plates 
as shown in Fig. 1.144. Assume that the field between the plates 
is uniform and directed vertically downward, and that the field 
outside the plates is zero. The electron enters the field at a point 
midway between the plates. Mass of electron = 9.1 x 10- 3 1 kg. 

22. If the electron just misses the upper plate, the time of flight 
of electron upto this instant is 
a. 1.25 x 10-9 sec b. 32.5 x 10- 6 sec 
c. 1.25 x 10-8 sec d. 32.5 x 10- 8 sec 

23. For condition of previous situation, the magnitude of electric 
field is 
a.124NC- 1 b.364NC- 1 b.224NC- 1 d. 520 NC- I 

24. If instead of electron, a proton were projected with the same 
speed, then compare the paths traveled by the electron and 
the proton. 
a. The proton will hit the upper plate. 
b. The proton will hit the lower plate. 
c. The proton will no! hit either plate. 
d. None of these. 

25. The vertical displacement traveled by the proton as it exits 
the region between the plates is 
a. 1.6 x iO-R m b. 3.25 x 10- 8 m 
c. 5.25 x 10-6 m d. 2.73 x 10- 6 In 

For Problems 26--27 
An electron is projected as shown in Fig. 1.444, with kinetic 
energy K, at an angle e = 45° between two charged plates. 
Ignore gravity. 

26. The magnitude of the electric field. so that the electron just 
fails to strike the upper plate. should be greater than 
a. K/qd b. 2K/qd c. Kl2qd d. infinite 
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1.44 Physics for IIT-JEE: Electricity and Magnetism 

+++++++++++++ 

Fig. 1.145 

27. At what distance from the starting point will the electron 
strike the lower plate? 
a. d b. 2d c.3d d. 4d 

For Problems 2S-29 

•• · ... 
• • . . 

• 

, , 

Fig. ,1.146 

Oil drop 

Microscope 
+-' 

In 1909, Robert Millikan was 'the first to find the charge of an , 
electron in his now-famous oil-drop experiment. In that exper
iment, tiny oil drops were sprayed into a uniform electric field 
between-a horiwntal pairof oppositely charged plates. The drops 
were observed with a magnifying eyepiece, a:nd the electric 
field was adjusted so that the upward force on some negatively 
charged oil drops was just sufficient to balance the downward 
force of gravity. That is, when suspended, upward force qE just 
equaled mg. Millikan accurately measured the charges on many 
oil drops and found the values to be whole number multiples of 
1.6 x 10-19 C- the charge of the electron. For this, he won the 
Nobel prize. 

28. If a drop of mass l.l x 10- 14 kg remains stationary in an 
electric field of 1.68 x I (}'i NC- I , what is the charge of this 
drop? 
a. 6.40 x 10- 19 

c. 1.6 X 10- 19 
b. 3.2 X 10- 19 

d. 4.8 X 10-19 

29. How many extra electrons are on this particular oil drop 
(given the presently known charge of the electron)? 
8.4 b.3 c.S d.S 

Matching j 

Column Type Solutions on page J .60 

1. In the following Fig. 1.147, charges, each +q, are fixed at L 
and M. 0 is the mid point -of distance LM. X - and Y-axes 
are as shown. Consider the situations given in column I and 
match them with the infonnation in Column II: 

' I • I 
I 
I 

+q I + q 
_------~------+ ___ x 
L 0 M 

Flg.1.l47 

Column I Column II 

i. Let us pl~ce a charge +q at 0, dis- a. force m 
I?lace it slightly along X -axis and the charge i 
release. Assume tha't it is allowed "'0 
to move only along X-axis. At po-
sition 0, 

ii. Place a charge - q at O. Displace b. potentia 
it slightly along X -axis and release. energy 0 

Assume that it is allowed to move Ihe systen 
only along X -axis. At position 0, is maximun 

iii. Place a charge +q . at O. Displace c. potentia 
it slightly along Y-axis and release. energy 0 

Assume that it is allowed to move Ihe systen 
only along Y-axis. At position 0, is minimurr 

iv. Place a charge - q at O. Displace d. the charg' 
it slightly along Y-axis and release. is in equilib 
Assume that it is allowed to move rium 
only along Y -axis. At position 0, 

2. Match the forces given in Column I with the properties givel 
in Column II: 

Column I Column II 

i. Electric force of a. Conservative 
nucleus on elec-
tron 

ii. Your weight, i.e., h. Action reaction force 
Ihe force that 
earth exerts on 

-
yO" 

iii. Force between c. Depep.ds on Ihe nature 01 
earth and sun medium between the interactin~ 

objects. 

iv. Repulsive force d. Principle of superposition ap" 
between two plies provided that other forces 
protons that are acting on the object, an 

also of this nature 

3. Match Column I with Column II: 

Column I Column II 

i. Force on an electron in an atom a. Gravita-
tional force 

ii. Force between a proton and a neu- b. Strong 
tron inside nucleus force 

iii. Force between a proton and proton c. Coulomb 
inside n'ucleus force 

iv. Conservatuve force d. Electric 
force 

4. Match the facts given in Column I with the systems given h 
Column II: 
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CouLomb's Laws and Electric Field 1.4S , ; 

Column I Column II s. Column I Column~ \ 
i. Charge cannot exist a. without charge i. to •. I . 

ii. Mass can exist b. without mass ii. K b. Ml/}T '1 , 

iii. Chl1f8e is c. not conserved iii. E c. M-1L lr4A21 
iv." Mass is d. conserVed iv. F d. MIL 1T 'A-11 

ANSWERS AND SOLUTIONS 
Subjective Type 

1. No. of atom is 10 g of silver, 

6.023 x 10
2l 

x 10 __ 5.58 x 22 
n = 107.87 10 

No. of electron = 47n = 2.62 x 1024 

2. qE=6l'1'"TJrlI 
=> NeE = 611"TJrlI => N = 61fTJrlIleE 
=> N = 611" x 1.6 X 10- 5 x 5 X 10- 7 x 0.02 

1.6 x 10 19 x 6.28 x lOS 
= 3xlOlI 

3. No. of electrons or protons in 1.00 gm of hydrogen 

n = 2 G x 6.0~3 X 1023] = 6.023 X 1023 

Magnitude of charge on north or south pole: 

q = ne = 6.023 x 102l x 1.6 x 10- 19 = 96368 C 

kq2 9 X 109 X (96368)2 S 
F =-= =5. lO x lO N 

r 2 (2 x 6400 x 103)2 
= 51QkN 

9 x 109 x 12 X 10- 9 x 18 X 10-9 
4. a. F = (0.30)2 

= 2. 16 x 10- 5 N attractive 
b. When. they are connected by a conducting wire, finally 
charge on each will be half of total charge on both. Let q is 

12 - 18 
the final charge on each, then q = 2 = -3 nC 

9 x 109 x (3 X 10- 9)2 
F' = (0.30)2 = 9 X 10-

7 
N repulsive 

5. F3 = F2 + 2Fl cos 45° 

F, 

Q 
t-- -'----,,/'::Q-F, 

Q 

Fig. 1.148 

kqQ = kQQ +lQQ -1 

(t/.Ji)' (.Jit)' F.Ji 

=> q = -"Q.:::(2-,-.Jic-2 +-,-,,1) 
4 

Q should be negative as there is attraction between Q 
andq. 

So q = - Q (2.Ji + I) 
• 4 

6. Q should be negative. 

Q 
q . • . 2q 
~x 'l~ d - x---+l 

Fig. 1.149 

kqQ kq2q 
For net force on q to be zero: - ,- = - ,- (i). _. 

xkQ2qdk2 
For net force on 2q to be zero: (d x )2 = ~2 q (ii) 

From (i) and (ii), 
I 2 d 

Xl = (d _ X)2 => X = I + .Ji 
7. The third charge (q) is in equilibrium only when 

'(4,) q '(') q 
F PA. = F P B => -- = .,-''-'-'" 

X2 (a X)2 

l ~ , - - +i_I·_ Q- ·l------l 
+ 4, 
I-

q +, 
- I 

A . 

On solving: X = 

p 

a 

Fig. 1.150 

2 
-a 
3 

8. As there is attraction, so 

9 x 10
9

QIQ2 X 10-
12 

= - 0.027 
J2 

- ve sign is due to attraction 

. 8 

9 x 109 X (QI + Q2 Y 
For repu lsion: 12 2 = 0.009 

=> (Ql+Ql)2= 4 

=> Ql+Q2 =±2 

Here. we have two sets of equations. 
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1.46 ,' Physics for IIT-JEE: Electricity and Magnetism 

(i) {!~mQ~~~;:;3} --» weget 3 IlC and - 1 IlC 

( .. ) [from Ql Q2=-3) 3 C II and Ql+Q2=-2 --» weget - 11 and 1 IlC 

9. Let charge on each sphere is q, then 

F = k q2 = 2 X 10- 5 => q2 = 2 X 10-
5 

r2 r29x109 

r/2 /'/2 

Fig, 1.151 

When sphere C is touched by sphere A, charge gets 
equally divided between the two. 

q2/4 q2 4 
Fell =k -,- = k - x "2 

r /4 4 r 

q2/2 q2 4 q2 
FC8=k -- =k - x - =2k-

r 2/4 2 r2 r2 , 
Fc = FCB - FCA = k q2 = 2 X 10-5 Ntowards A. , 

10. Net electric field at A due to charges at Band C is 

3 X 10-6 .J3 
Ell = 2EAc sin 60° = 2 x 9 X 10

9 
X (0.20)2 x -2-

=.f:3 x 6.75 X 105 

=> Ell = 1.5.f:3 x 10-5 NC- I 

AM~)(20)' (1O)'~v'400 lOO~lOv'3cm 

E" cos 60"_--!-,-~ EAccos 60" 

B M C 
-3).1C •• --20m---~ -3).1C 

Fig. 1.152 

Let the charge at M be q. Charge q should be positive 
so that there can be repulsion between the charges at A and 
M. 

q 
EAM = 9 X 109 x.j3 = 3q X 10" 

(10 3/100)2 

For A to be in equilibrium: 

Ell = EAM => .j3 x 6.75 X 105 = 3q X 1011 

=> q= 9,./3 X [0-6 = 9.J3IlC 
4 4 

11. For Q to be in equilibrium: 

12. 

13. 

+3q Q +q 
• • • 
~x ~I. d-x~ 

Fig. 1.153 

k3q~ kQq 
xl <.:: (d _ X)2 

v'3d 
x~ v'3+1 

The bead can be in stable equilibrium, if it has positive 
charge. 
No. of atoms in 10 gm of copper: 

a. 

b. 

n = ~ x 6 X 1023 = 9.448 X 1022 

63.5 

Number of electrons transferred, 

N = ~~~ = 9.448 X 10
19 

Magnitude of charge appearing on either piece 

q = Ne = 9.448 x 1019 x 1.6 X 10- 19 = 15.12 C_ 

kq2 9 X 109 x (l5.12? 14 
F ~ -, ~ 0 0 2 = 2.05 x 10 N 

r ( .1 ) 

Electron is 0.5 cm from the sheet of charge and is far away 
from the·eages of the sheet. Therefore, sheet looks effectively 
infinite. 

E=2:0 =2S:A => F= -eE=-e(2S:A) 

2soAF 
q~---, 

2(8.854 x 10- 12) x (0.5)2 x (1.8 x 10-12) 

1.6 x 10- 19 

=- 50 IlC \ 

14. An electron is negatively charged particle, it will be attracted 
by the positive plate with force F ::: eE. Hence, acceleration 
of electron along y-axis will be 

a = !... = eE = eV (i) las E = V) 
In m md d 

So, from equation of motion, u2 = u2 + 2as along x-
axis, 

(ii) 

And along y-axis, v; = 2ayo {as 11= 0 and s = Yo} 
Now, as )'0 ::: I cm (given) and is given by equation (i), 

the electron will hit the top plate with 

uy = /2yoev = 
md 

2 x 1,6 X 10-)9 x 30 x I X 10-3 

9-x iO 31 X 3 x 10 3 

Uy = (4,'/2";3) x 106 = 1.885 X 106 ms-1 (iii) 

So, the electron will hit the upper plate with 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



Note: In lhis problem, time taken by the electron to hit the 
plate 

t = j2YO = j2Yll m = j2YOmd 
a qE qV 

2 x (1 x 10-') x (9 x 10 ") x (3 x 10 ') 
t= 

1.6 X to- l!1 x 30 

= _3~ X 10- 9 s 
2./2 

And in tltis time electron will travel a horizontal distallce: 
s = vot = 106 x 1.06 X 10-9 = 1.06 X 10-3 m 

15. Volumetric charge density of given structure, 

8 Q 
p=- --

7 4 , 
-nR 
3 

Q, 

Fig. 1.154 

Q 
EI'= -~ 

47rEo 

Q 

287reo 

4 
Q2 = -p -7r 

3 

16. a. The field within the cavity or outside is the superposition 
of the field due co the original uncut sphere, plus the field 
due to a sphere of the size of the cavity but with a uniform 
negative charge density. The effective charge distribution is 
composed of a uniformly charged sphere of radius r, charge 
density p, superposed on it, a charge density -p filling the 

~ 

cavity. Electric field El caused by the charge distribution +p 
at a point;, inside the spherical cavity. 

Ei = 

direction. 

~r = ~; where f is a unit vector in radial 
3eo 3Eo 

,~ 
o " 

Coulomb's Laws and Electric Field 1.47 

(I) Charge density of 
big sphere is a 

Fig. 1.155 

~ 

+ 

(2) Charge density of 
smaller sphere is (-a) 

Similarly, the e!ectric fie ld E2 formed by the charge density 
-p inside the ('. _fity is 

-+ (-p) -;.... ..... ... 
£2 = --~; S = r - a 

3eo 

·Va' ,- , 
o 

Fig. 1.156. 

-; is the radius vector from cavity center to the point P. 

.... -p(' ; - J) 
E, = -'--',-:-- -'" 

3eo 
The resultant electric field inside the cavity is therefore given 

~ ~ 

by the superposition of EI and E2. 

E= E]+E2=-+ ~ ~ ~ p -; [ ~P(-; ~ a)] 
3eo 3eo 

pa 
= + - = constant 

3eo 

~ pa 
=} E=-

3eo 
h. (i) Electric field at points inside the large sphere but outside 
the cavity, 

~ 
o 

Fig, 1.157 

~ (~~nPb3) (-; ~;;) 
..... J qs 3 

and E2 = -~--1 = ........ 
47rEo s· 4eo( r _ a)3 

The resultant electric field is therefore 

[ ( )' ] p.... b ........ 
= - r - ::;-:::; (r - a) 

3eo r-a 
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1.48 Physics for UT-JEE: Electricity and Magnetism 

(ii) Electric field at points outside the large sphere, 

, 
o 

Fig. 1.158 

_pb3 .......... 
= --> ..... (r - a) 

380<1 r - a 1)3 

The resultant electric field, 

[ 3 ( )3 ] --> ..... p R ..... b --> ..... 
E I + E2 = - (-) r - :::;:--:::; (r - a) 

380 r r - a 

~ 

!!..!.... Elecric field inside the cavity 

P--> b ..... --> 
- r- --> ..... (r - a) 
380 I r - a l 

p 
• 
" ," 
'" I , I I' , , ' , , ' 

" x\ " 

, 
19. Let us make two-dimensional view of the situation. Because 

of symmetry we can say the force on wire 2 (A2) will be along 
negative y-direction. 

y 
1 
1 

0', 
1\ 

3

e

o [( )3 ] 
E~'Ct[d(C ~)ld3 ;:d(e t~ ;a~ty)~:t;n~;;)t]h' huge cavity 
380 r Ir - al 

'9' 1 \ 
1 

, , , 
1 , , 
1 , , 
1 , 

" 1 \dx , 

17. 

Electric field outside the large sphere 

We first find-the field of a cylinder off-axis, then the electric 
field in a hole in a cylinder is the difference between two 
electric fields - that of a solid cylinder on-axis and the one 
off-axis. 
HH~ , QcnclPf2 
r'= r -b=:. ¢ =2nrl E = - - = - lnr 

p1 
= -

2eo 

80 80 
_ p(1 - b) 

=>E = =~2 
2eo 

p(1 - b) p ;; 
= - Note that E is uniform. 

280 280 

2'q(l) 
8. El = 2Ecose == 3/2 alongAC 

[x'+I'] 
- 2kq I 

E2 = 2E cos e = 2 2 3/2 along DB 
(x + I ) 

Net field: 

E ~/E2+E2 _ 2.,fikql_ ql 
o ~ V I 2 - (X2 + [2)3/2 - .,fi]'( 80(X2 + [2)3/2 

20. 

, 
" , Ex • 

Fig. 1.160 

dF = Exdq case 

F=JdF=J Al (A2dx) cos e 
2],(80.Ja2 + x2 

a 
where cos e = r";=~ 

va2 + x2 

F - --a - -- x - tan- -AIA2 100 dx AJA2a 1 [ 1 x]OO 
-~ __ ~+~-~_ a a_ 

AJA2 .. 
F = -2 It IS mdependent of a. 

eo 
Q n 

q = IO-8C,A = 2JTr = 2Jr(O.l) = 5 Cm-
I 

Take an arc of ring subtending small angle () at the center 
(Fig. 1.159). Charge on this arc: dq = A r () 

For net force to be zero on this arc: 
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q 

Fig. 1.161 

2T sin (i) = F, 

=*T=kq'A , 

kq (A,dO) 

= 9 X 10
9 

X 10-
8 

X 5 = 4500 N 
0.1 

Tr 4500xO.l 
I1r = -A-Y ~ '1"0-";"::x"2"x":::'I"0"" 

=225 x IO-~ m = 2.25 mm 

21. Tcos()+q8=mg 

•• 

b. 

=? Tcos(}=mg-q8 

, 
T 

, 
qB , . 

mg 

Fig. 1.162 

Tsin(}=qA 

Dividing (i) and (U), 

qA 
tan () = :::-:"-"= 

mg q8 

qA 

" ',,", 

mg tan () 
q= A+BtanB 

Put the value of q in (ii) 

AmgsecB 
T ~ CA;-+.,-';B"t'Can:-;;O 

22. Electric field at point P due to charge of ring is 

E= kQx 
(Rl + x1)3f2 

At x = R: E = ~ directed towards the center. 
2"ZR2 

. k 
Electric field at P due to charge at center: R; 

23. 

(i) 

24. 

(ii) 

25. 

CouLomb's Laws and Electric FieLd 1.49 

-. 
~vJ 

-12 dFlan9 

Hf \'f dEcos8 
R 

tf.;( -. 
Fig. 1.163 

For net field to be zero at P: 

kq 

R' 

I q' 
Tsin8 =F = ---

4JT8o a2 

Tcos(}=mg , 
From (i) and (H), tan e = q 2 

4JT8oQ mg 

p 

a/2 q2 
~ '4-rr-,2.-a"'m- g (',' forsmall e,tan8 ~ a12L) 

L 

,a3 ql 
~ ~-

L 2Jl"somg 

(i) 

(ij) 

(iii) 

When one of the ball is discharged, the balls come closer 
and touch each other and again separate due to repulsion. The 
charge on each ball after touching each other = ql2. Replaci,!g 
q with ql2 in (iii), we get 

bJ (q j2i 

L 
(iv) 

2lTeomg 
bJ 1 a 

From (iii) and (iv), 3 = - => b = 2/' 
a 4 2 

a. Electric field near B and to the right of B is along -ve 
x-direction, so sign of Qb should be -yeo There is a neutral 
point at x = 24 em, so sign of Q(l should be opposite of Qb. 
Hence, Q" should be +ve. 
b. At neutral point (at x = 24 em): 

k;r ~ k~: => I ~} (~)' ~ 64 
c. Electric field to the right of charges (at x = x) 

. dE 0 For field to be maximum: - ~ 
dx 

=>kQ,,(-2)_kQb(-2)=O => x=28cm 
x 3 (x - 21)3 

~ A A A 

Electric field due to MA: El = --(i - k) 
4lTeoR 

. ). 
Electric field due toADC:E2 = ~2 R (-k) rr,. 
. ~ A A 

Electric field due toABC:E3 = -- (- j) 
2lTtoR . ). " 

Electric field due to NC: E4 = ~4 R (-i + I() rr,o 
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1.50 Physics for IIT·JEE: Electricity and Magnetism 

N~t Electric field: 

-- -- A __ 
Eo=EI + E2+E3+E4 =--- (j+k) 

2rrsoR 

26. Electric field due to straight wires will cancel out. The net 
electric field will be due to semicircular wire only. 

27. 

~ ~ A A 

Hence, Enel = Ecircular = -2 -- (- j) 
rrsoR 

. _ q Enel qA ~ 
So, acceleratIOn: a = -- = (-J) 

m 2rrsomR 

F = .j'j kq2 
x 2 

F 
tane =

mg 

kq2 
tane = -2-

X mg 

F 

Fig. 1.164 

.j'j kq2 
tane = - - -2 • 

mgx 

y .j'j q2 

-Jr.I", "'_=y"'2 = 4rr somg x2 

xf2 xf2 

Fig. 1.165 

[ 
q2[ ]1i3 

x = 2rrsomg 

2 2rrsomg x3 
q = 

[ 

/2rrsomg 3/' q= x 
! 

29. 
3kqlq2 'X 

F =--- =ma /' / 

a_[3 QIQ2 ]X 
- 4rrsomr3 

T = 2rr 

• 
• 
• 
• ". 
• 
• , 

/~""'" 
/~r r'" 

r---c; 
4rrsoml'3 

3Qlq2 

/ " 

Fig. 1.166 

30. Charge with in radius r, 
, 

q= f Po [ I - i]4rrr
2
dl' 

o 

q = 4rrPo 

Q = 4rrPo c: -~.:) 
Forr < R, 

E = kq = Pol' [I - ~] 
1'2 3so 4R 

Total charge: Put I' = R in (i) 

[R' R'] Q = 4JTPo 3" - 4 = 

Forr > R, 

kQ PoR3 
E=-=--

1'2 12&or2 

4rrPoR~ 

12 

At surface, from both (ii) and (iii), 

Eo = poR 
12&0 

E 

L~ 
~, 

R 

Fig. 1.167 

"dE "" For mmmnum - = 0 from (II) 
dr 

(i) 

(ii) 

(iii) 
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.,- --:c ---'~ If 

Also, at r = R/3 

2 
r = - R 

3 

E = PoR 
geo 

E = PaR 
1280 

31. Potential energy of dipole system 

~ ~ 1 PI 
U = -P2 . E21 = -P2 -- -COS1! 

47t8o x 3 

x 

Fig. 1.168 

E21 is the field due to PI at P2 as shown. 

U ~ _ 1_ PIP2 
41rEo x 3 

F - au_ 3 PIP2 
- -a-.;- - 41rEo 7 

F comes out to be positive, so it is a repulsive force. 
J2. Potential energy of system 

33. 

~ ~ 1 2Pl 1 2pI P2 
U = -P2' E21 = -P2 - - -- cosO = - -- - --

411"80 x 3 4Jrso x 3 

~I Ell 
_~ t 
p, 

Fig. 1.169 

au 6 P1P2 3 P1P2 
~ --- -- ~ --- --

ax 411"£0 X4 brEo X4 
F~ 

F comes out to be negative, so it is an attractive force. 
1 q . 

a. E = --2 (Fig. 1.[70) 
41T£O x 

U = -pEcosO° =-~ 
4JTeox2 

q p 
• ~ t E ___ x------., 

Fig. 1.170 

au -pq 
F= -- ~--ax 2JrSox3 
-ve sign indicates that force on dipole is towards -ve 

x-direction or the force is attractive. 

h. U = - pE casl80° = ~ 
4JT8ox 

F _ au _ pq 
- -~ - 2JTEoX3 

• t t £ 
q p 

Fig. 1.171 

Coulomb's Laws and Electric Field 1.5.1' 

+ve sign indicates that force on dipole is towards +ve 
x-direction or the force is repulsive. 

1 p 
c.E=---

4n8o x3 

Let us first find force on q due to p 

Fig.l.I72 

F=qE=~ 
4n8oX3 

Charge q will also apply same force on dipole but in 
opposite direction, so force on dipole 

F ~ 4 q P 3 along p or parallel to y-axis 
n80X 

Objective Type 

1. c. The body may get charged either negatively or positively. 
1 1 

2. d. K = -- = 9 x 109 , 80 = 9 C2N- 1m-2 

4n8o 4n x9 x 10 
~ 1 q2 

3. a.F = --, 
4rr8o r 

[q') 
[801= --~ 

[Fr21 
(current x time)2 

MLT 2L2 

F 
4.b.E=-= 

q 

MLT-2 
, =MLA- 1T - 3 

AT 
S. d. Dielectric constant of a material is K ~ 1. 
6. a. Net charge of universe is constant. Positive and negative 

charges may separately be created or destroyed. But net sum 
of charge remains constant. 

7. a. There will be gravitational attraction between the neutrons. 

8. a. When we charge a soap bU,bble, there will be either net 
positive or net negative charge on the bubble. Due to the 
repulsion between like charges, sizc of the bubble will tend 
to increase. 

9. a. Gluss plate will act like a dielectric. 

10. a. Newton's third law. 

11. b. Given QI + Q2 = 10 

And kQ1P2 = -0.075 , 
(i) 

(Here, we have multiplied by [0- 12 bccuusc wc have consid
ered Q J and Q2 to be in!-lC) 

=> QIQ2 = -75 (ii) 

Solving (i) and (li), we get QI = l51lC, Q2 = -5 flC 
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1.52 Physics for IlT-JEE: Electricity and Magnetism 

12. a. F = _1- q(Q - q) 
411"£0 r2 

For the force to be maximum: 
Q dF = _I_~(Qq_q2J = 0 ~ 

dq 411'£or2 dq 
q= -

2 

d'F. . Q 
And --2 IS negative at q = -

dq 2 
Hence, force will be maximum if q = QI2. 

13. c. Net force on q3: FI + F2 = 0 

q, q, q, 
~ F, • • • • > > F, 

Fig. 1.173 

=> kqlq3 + kq2q3 = 0 
(2x)2 x 2 => ql = -4q2 

14. d. 

20 em B x 
A •• __ :-_--i.~___:-::.-~. Q 

8xlO"'C - 2xlO"'C 

FIg. 1.174 

Let third charge f2 is placed at a distance x to the right 
of B. Then 

kQx8x 10- 6 

(20 + x)Z 
= 

k Q(2 x 10-') 

x' 
~ x=20cm 

15. c. 2 3 4 5 
+ + 

If I is positively charged. then 2 should be negatively charged, 
then 4 should be positively charged. Now, 1 and 4 cannot 
attract. It means ball 1 should be ,neutral, because they are 
showing repulsion with 3 and 5, respectively. 

16. b. A and B have like charges Band C have like charges. So. 
A and C also have like charges. Hence, they also repel each 
other. 

17. c. 100 = kq lqzlrZ and F = k( l.I qd(O.9qz)/rz 

F . 
=> 100 =O.99~ F ;=99 N 

18. c. Force on Qz is zero (q should be - ve) 

I . 
R 

~ l 

I ~ R-> 
t l ~ 

, 
~ l 

• • • 
Q, q Q, 

F ig. 1.175 

kQIQ2 = kqQz ~ =- = fq 
R2 x 2 R yO; 
. kQlq kqQ2 

Force on q IS zero: , ~ -
• ( R x ) x 2 

R - x v'Ql =>-- =--
x .fQ; 

R ./Q, + ./Q, No JQl + .fQ; => - = ~--= 
x ./Q, .fii ./Q, 

Q IQ2 
=>q - -~'-'-'''''= - (./Q, + ./Q,)' 

19. d . The equilibrium can be stable only if on displacing the 
small charge slightly in any direction, the forces act on it in 
such a way so as to bring back the charge to its equilibrium 
posicion. 

20. b. Initial tension: TI = mg 
Final tension: T2 cos () = mg 

mg 
T2 = 

cos() 

, , , , , 

. -- ----~' \:~ F 
q, q, t; 

Fig. 1.176 

Obviously: T2 > mg 
21. c. F rw:. = 2 F cos 300 

2kq'./3 ./3kq' 
= Q22=~ 

kQ 
22. a. E =-, , 

q 

F F.... F 

o· 

q 

, 
F ig. 1.177 

q 

" Q ----- --- ....... E 

F=kQqo ,., , 

I+--rl-J>.! 

Fig. 1.178 

F k Q 

F 
As rl > r, so fro m (i) and (i i) E > -

qo 

(ii) 

23. d. Net charge on a current carrying wire will ~ zero at any 
time. Because when current flows through a wire. the amount 
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of charge entering from one end is equal (0 amount of charge 
leaving the other end. 

F 2.25 _I 
24. a. E = - = = 1500 NC 

q 15xlO-4 

25. b.F=Eq= 15 x 104 x 2xI.6xlO- 19 =4.8 x 1O- 14 N 

26. a. As charge on both particles is same, so electric force act
ing on them will be same. Since the particles are allowed to 
move for the same time, their final momentum will be same. 
Because 

Change in momentum = impulse = force x time 
p' I 

So, from, KE = - we have KE (X -
2m m 

KEI = m2 =2: I 
KE2 /Ill 

27. d. Each charge will produce same magnitude of intensity, say 
E, at the centroid. These are directed at angles of 120° with 
each other. So, their vector sum will be zero. 

q 

q?---"----'%q 

Fig. 1.179 

28. b. r = (q - 3)7 + (12 - 4)] = 67 + 8] 

r = -J62 + 82 = 10 m 

9 x 10
9 

X 100 X 10-
6 

= 9000 Vm-I 
10' 

29. d. Electric lines of force is an imaginary concept, it do not 
exist in reality. 

k Q2 k QI 
30.d. -,-~( , 

x x + R) 

"Q,,~-~---+Q,-,,------. e· e ep 
R • 

Fig • .1.180 

R 
x~ 

2 

31. c. The field at point P is superposition of fields E I , 

due to each charge. 
~ q 
EI = 27, 

4](80(r a) 

..... 2q ~ 
E2=--4 ," 

7r80r 
Now, 

~ ~ ~ 

E=E I + E2+ £3= q [ I 2 I ]. 
4](80 {r - a)2 - r2 + (r + a)2 i 

CouLomb's Laws and Lectric FieLd 1.53 

3 2 
+-a..........-a--.- p 
~--------- -o 

+q - 2q +q 
+--(r-a)---+I 

• 
. , 

(r+a) 

Fig. 1.181 

~I 

~I 

If r » a, we can use binomial approximation: 

n(n-l) 2 
(1+al= l+ na+ 2! a +···(forO'«I) 

Therefore, 

[l( ") -21-2 - 1) (-a)'I] 1 - 2( - -) + -
E---q- r 2 ,. 

- 4rr,o" I a -2(-·2 - I) (")'] -2 + 1- 2- + -
r 2 r 

6a2q 6kqa2 
~ ---~ --

47rli"or4 r 4 

32. c. For first case: F = mg 
For second case: F + mg = 6eE 2mg -= 6eE 

?
F~'''''~ 

- 6, 

mg 

Fig. 1.182 

E = ''',-g ~ ol:.::,6c:X::,.:.I ::O-_'~5"x:...;;1O = 3.3 x 104 Nc- I 

3e 3 x 1.6 x 10 19 

33. b. Dielectric strength means the maximum electric field 
which a medium can bear. Here, if ficld becomes more than 
this, then charge will start leaking from the metal ball. So, 

kQ ER2 3 X 106 X (0.001)2 
E = R2 '* Q = -k- = 9 x 109 = 1/3 nC 

I q 
34. a. E = ---, 

47r€o a 

q q 
, . , . , ' , . , , . 

q ------~,\----- - II 

• E, . , . , 
• 

q q 

Fig. 1.183 

Suppose the charge is present at !he sixth ve~tex also, 
then electric field al center would be zero. Now, i(charge is 
not prcs~nt at this vertex, the electric field at center would 
be because of other five charges, which should be equal and 
opposite to t~e field produced due to single charge at sixth 
vertex. 
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1.54 Physics for IIT-JEE: Electricity 3nd Magnetism 

35. b. dq ~ iL(0.002n) 
2n, 

1 2n 
= 21r(0.5) x 1000 = 2 X 10-

3 
C 

9 X 109 X 2 X 10-3 
E ~ '---'--;;(0;-0.5"')';--

, r~ , , , , , , 
" , 
" " , , 

I II' , , , , , , .. 
dq 

Fig. 1.184 

36. b. Force on the block: F = q E towards left. 
Let spring is compressed maximum by x. Then 

1 I 2qE 
Fx = 2kx2 => qEx = 2kx2 => x = -k-

37. a. Strength ofclectric intensity is more if field lines are closer. 

38. d. We can compare this situation with that of a mass moving 
as a projectile. 

39. h. WA/J = WAC + WCB 
W C /I should be zero, because in moving from C to B, 

we always move perpendicular to field. Hence, force applied 
by field and displacement will be at 90°. 

WAC = -e(Ve - VA) 

Vc - VA = - E x AC 

= -lOx4=-40 

WAC=-e x (-40) = 40e 

So W,I/I = 40e J = 40 eV 

40. a. Work done is zero, because force applied by q2 on q ] is 
always perpendicular to the velocity of ql . 

Qq 
V 

Fig. 1.185 

41. a. Due to induced negative charge, there will be attraction. 

Induced posi(ive 
<'hargc will flolV 

into c.nh 

Fig. 1.186 

42. a. F3 = F31 + F32 
- [5 x 1 5 x 3] 10-

18 

IF)I = k ~ -""'42 X 10-4 

=9 X 109 x 10- 14 [~- ~!J = 2.8 x 10-5 N = 28~N 

q, 
x (em) 

Fig. 1.187 

43. a. To keep the system in equilibrium, net force experienced 
by charges at 'A', 'S' and 'C' should be zero. Forthisanother 
charge of opposite sign should be placed at the centroid of 
triangle. Let this charge be ' - Q'. 

A 

o 

Fig. 1.188 

1./3 2 1 
AD = I cos 300 = -,AO= - AD = M 

2 3 .,,3 
21 Fc.ot I cos 300 = Ihol 

1 q'./3 1 Q q 
2 x 4- n- ,-o x [2 x -2- ~ 4-n- ,-, 'COC'j./3"'3)'" 

44. b.Fnct = 21F31 Icosct 

1 2 x 4 X 10- )2 
=2x--x 

41rEo (0.5)2 

y 
q( = 2.0).le 

i 
+ 

0.30m 

0.30m 

1 
O.SOm 

Fig. 1.189 

4 . 
x '5 =0,46N 

(Fl onQ)x , , , , , , , , 

F; onQ 
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45. c. For external points, a charged sphere behaves as if the 
whole of its charge were concentrated at its center. 

/'AC 

Fig. 1.190 

Force on A due to B, 

, I q2 I q2 
fAR = -- - - ~ - ---

4Jt£o (2R)2 4Jt£o 4R2 

And force on A due to C 

I q2 1 q2 
FAc = - - -- ~ - - --

4Jt£o (2R)2 4Jt£o 4R2 

~ 

along BA 

~ 
along CA 

Now as angle between B A and C A is 60° and 

IFAnl = IFAcl = F 

FA = J~F~'-+-F=' -+~2-F-,F~,-c-os-6~0 = -J3 F 

F, ~ _1_ -13 ("-)' 
4Jt£0 4 R 

46. d. If there had been a sixth charge +q at the remaininig vertex 
of hexagon, force due to all the six charges on - q at 0 will 

be zero. 

E,<>-_ __ QD 
, , , , , , 

F -----*------ C 

A 

, , , , , , , , , , 

Fig. 1.191 

B 

Now if is the force due to sixth charge and due to rc
maining five charges, then 

F + j = 0 i.c., F = - ] 

_ _ I q x q I (q)' 
IFI ~ If I ~--~- -

4Jt£o L2 4Jteo L 

47. d. AC ~ .Jil ~ BD 
I 

BD =-
.Ji 

Coulomb's Laws and Electric Field 1.55 

D'r--- ----;O' c 

o 

A 

Fig. 1.192 

I q2 I Qq I q2 
2- - x -~-x +-x--

4ne {2 ./2 4Jte (1/./2)2 4ne (./2l)2 

=> Q~ 7(1 +2.Ji) 

- I q A 

48. c. E = -4-" 
nyor A A 

_ r (1.2 - O)i + (-1.6- 0);" 
r= - = , /(1,2)' +(1.6)' 

1 0 0 r = 2(1.2i - 1.6 ;") 

• ,8xlO-9 [10 oj 
E=9x 10 x 2 x -2(1.2i - 1.6j) 

£=(-117 + 14J) NC-1 

• 1 q 
49. c. As E = - - 3 (r - ro) 

4Jt eo (r - ro) 

_ I q_ 
E~--.-' 

4neo r2 

z 

y 

q, 
M , 
\ o '-X 

:~\ :;: .. 
, N 

Fig. 1.193 

75M+MN=oN 
MN = r -;0 = (S1 - 5J) - (2i + 3J) 

=(61-8]) 

Ir -rol =)62 +82 = 10 m 
_ 9 50 X 10- 6 

A -

E=9x 10 x (lOP (6i-Sj) 

£ = (2.77 - 3.6J) kNC- 1 

lEI ~4500 NC' 
... 1 q __ 

SO. a. E = -4- )3 (r - ro) 
neO (r-ro 
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1.56 Physics for IIT·JEE: Electricity and Magnetism 

r 

z 
Fig. 1.194 

AB ~ (0 - 3)1 + (- 4 - 2)] + (3 - 5)k 
=(-31 - 6) - 2") m 

1£81 ~ .j9+36+4~7m 

- 9 I X 10-6 
A A A 

E=9x 10 x (-3i-6j - 2k) 
7' 

- -9 X 103 
A A r 

E= 343 (3i+6j+2K) 

• 9 
1£1 = - x 103 NC- I 

49 

51. b. IEAI ~ IEol ~ IEel ~ lEal ~ lEI 

• I 
£ 1 =2 x--

4nso 
Q . 0 • 

2" x sm45 (k) 
a 

Fig. 1.195 
Similarly. taking charges at A and C 

E, E, E 

Fig. 1.196 

'flo --- . 
B 

52. a. Take PO as the x Aax is and PA as the y-axis. Consider 
two elements E F and £' 1'" of width dO at angu lar distance 
q above and below PO, respectively. The magnitude of the 

E F':(~ A . , 
; + \ , 

dEcosO I/+' O\ :PO 
"'- +i- -- - ... dEcosO 

'- , 0' 
\- \ " dEsinO 
i~~",_ dE sinO 
,/ p ··:::.:-I B \t. 

dE • 

Fig. 1.197 

field at P due to either element is 

1 rde x ~ 
dE= __ nrj2 = Q dO 

41(so r2 2n2sor2 
Resolving the fields, we find that the components alo:. 

PO sum up to zero and hence, the resultant field is along 
PB. 

Field at P due to pair of elements = 2d Esin() 

r/2 

E = 10 2dE sin () 

1
0 12 Q Q 

=2 sin()dO = - -
o 2n2sor2 ]T2sor2 

53. a. 

., 

Fig. 1.198 

Net force Foet = q E., 

), ),q 
F=q--~--

4]Tsor 4]Tsor 

54. h. Let us consider the electric field due to wire (3) only. 

E3=Eu 

y , , , , , -
~_~~~:/0E3 

0' ,/ : - ----*--.- _ .. _- -- - ·x 
(j) 

Fig. 1.199 

- A A A 

E3= 2 2 112 (icos45° + jcos45°) 
2nco(a +a) 

A I A A 

~ -(I +j) 
2-Ji:n soa h 

- A A A 

E3 = - - (i +j) 
4nsoa 

Similarly, electric field due to wires (1) and (2) 

- AAA_ AAA 
EI = --(j +k)and E2 = - - (I +k) 

4Jrsoa 4Jl" 80a 

£ncl = £1 +£2+£3 
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-'- - '-~ -~ ~:-- ---- - -~ 

Coulomb's Laws and Electric Field 1.57 

55. c. 

Qq 

56. a. Mean position: x = I 
F = ~ k(x -I), where k = mw2 

or qE = - mw2(x - \) =::> At x = I , E = 0 
To the right of x = I, E is -ve, so towards left and to the 

left of x = \, E is +ve. 

57. c. Following two arguments shall lead us to the right choice. 
i. Electric field at the center of the ring is zero. 

ii. Electric field is directed away from the ring. 

58. h. Following two arguments decide the right choice. 
i. Acceleration in zero at the origin and also at points which 

are far away from the origin. 
ii. The directions of acceleration on the sides of the origin 

are opposite. 

Multiple Correct 
Answers Type 

1. a., b., c., d. Charge on al = (rle)).. 
Charge on az = (T20))" 

, " RatIO of charges = -

" K[(rdnA] KO).. 
E1(Fieldproducedbyal)= 2 =--

r! rl 

KOI. 
£2 (Field produced by G2) = --

" As r2 > rl therefore E I > £2 

i.e. , Net field at A is towards a2 . 

VI = K(r IO) = KO). 

", 
V2 = K(r20 ) = KO). 

" 
2. c., d. The particle will oscillate or perform SHM if equi

librium is a stable one. For negative charge, equilibrium is 
stable if the particles are displaced along CD and unstable 
for displacement along AB. 

D~B 
Q Q 

Fig. 1.200 

For y < a, in displaced position, net resultant force to-

wards equilibrium position is 
. 2 x Q 

Fres =2FsmO= 2 2 
4JTeo(a + y ) 

y 

2Qy 
~--- [a» y ] 

4JTeoa3 

Fro. <X y, so SHM for y« a. 
For y::::: a, restoring force would be there, but F <X y. 

So, there is oS\'ilIatory motion but not SHM. 
qE 

3. b.,c. Along X -axis,ux =ucose =} ax =-
m 

AlongY-axis,uy=usinO =? a)'=-g 
Equation of motion along X-and Y-axes would be 

qE ., I 2 
X = ucoset - - r; y = usin(}l- 2-g1 

2m 
Sol ving above equations, we get an equation of the form 

Ax + By = Ct, which is a linear equation. 
Time of flight remains unchanged as vertical motion is 

not affected by E. Range of the particle in the present case is 
«2 sin 20 

always less than whatever be the value of E. 
g 

211 sin e 
R = X/ .. T = U cos () x - c:-

g 2 

xqE [2USinB]2 < 11
2 sin20 

In g g 

4: a., d. E is a vector quantity; V is a :;calar quantity. 

5, b., c. Just draw the FBD of both charge particles and see 
whether force can be zero or not, on the particle. 

Assertion~Reasoning 

Type 

1. a. Force by electric field will be perpendicular to the dis
placements. 

2. c. If the field lines arc curved, then the charge particle follows 
the straight line path along the direction of tangent drawn to 
electric field lines at its starting point. 

3. a. A body can be charged by the transfer of electrons only, 

4. u. Reason truly explains the assertion. However, if charges 
are point, no induction will take place and they will never 
attract 

5. a. Both the assertion and the reason are true, and the reason 
is correct explanation of the assertion. 

Comprehension 
Type 

For Problems 1-2 

1. b., 2. c. 

Sol. Charge on each ball 10+ 30 = 20 flC 
2 

(20 X 10-6)2 
F=9x109 x =14.4N 

(0.50)2 

I 
I 
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1.58 Physics fOT IIT-JEE: Electricity and Magnetism 

For Problems 3-5 

3. d., 4. a., 5. c. 
Sol. 

(i) CD 
-t()=+--:-" -O-~~'~--------() 

q 01 4q 

Fig. 1.201 

For system to be in equilibrium net force on each charge 
should be zero, hence the third charge should be negative and 
it should be placed near q between (1) and (2). 

For equilibrium of (3) 

qQ Q4q 
-----~ 

x=-
3 

For equilibrium of (I) 

q4q Qq 

4lTco J2 = 4lTco ~ 

q should be negative otherwise resultant force on Q cannot 

be zero. 

+Q 

(j) O------------O I , ' , - q , , , 
, , , , 

, " 

, , 
• , , 

, ' , 

: "" "" ~' , " " 
- ?"@-------F;--Q) +QF

1 
Fig. 1.202 

As 1F21 = 1F41 = F (say) 
For force on Q to 'be zero 
2F cos 45° = F2 

2 __ 1_ Qq _1_ ~ __ I_L 
4lTcQ l2 -.fi 4nco (-.fil? 

For Problems 6-8 

6. c., 7. b., 8. c. 

Q 
q ~ 2)2 

Sol. The four possible force diagrams are: 
Only the last picture can result in an electric field in the 

-x-direction. 

ql = -2.00 Ile, q3 = +4.00 1lC, and q2 > O. 

Fig. 1.203 

1 ql . 
E. =O = --- sme1 

) 4lTco (0.0400 m)2 

4;co (O.03~ m? sine2 

9 sine l 9 3/5 27 
q2 = 16ql sin e2 = 16 ql 4/5 = 64 ql = 0.843 1lC. 

I (ql 4 q2 3) 
F3=q3Ex=Q34lTco 0.00165+0.0009'5 =56.2N 

For Problems 9-10 

9. c., 10. b. 
Sol. Induced charge on thc inner surface will be equal and 
opposite to the charge placed at the center. 

+ q 

(J 
Fig. 1.204 

Equal amount of opposite charge as that of inner surface 
will be induced on the outer surface while net charge is zero 
on the ball. 

For Problems 11-12 

11. c., 12. a. 
Sol. The extra given charge will reside on the outer surface. 

For Problems 13-14 

13. c., 14. e. 

+ 2, 

(J 
Fig. 1.205 

Sol. As far as net charge induced on inner and outer sur
faces is concerned, it does not depend upon the location 
of point charge within the ball. 

For Problems 15-17 

15. a., 16. a., 17. b. 
Sol. a. Electric field at (2) tends to -00, hence the charge 
at (2) should be negative. There is a neutral point to the 
right of charges. This is possible only when the charge at 
(I) should be positive. 

Hence, QI is posi~ive and Q2 is negative. 

b. At neutral point, £ I = £2 
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y 

" , :El : , , , , , , , 
I 'x ' I '" ' ~' b 

Fig. 1.206 

=> Qc ~ (a+I)' 
Q, a 

~----

4rr&'o (a + 1)2 4n£o a2 

c. Electric field at any position to the right of charges 

1 Ql 1 Q2 
£=£I- E2=-- -----

4Jteo (I +x)2 4rr£o x 2 

For maximum value of E 

Q, Q, (I+X)' 
(l+x)3 = ~ => -x-

l+x = (Qc)'" 
x Q, 

=* ~ = (Qc) I/3 _ I 
X Q, 

1 

x~ (Q,)'I' 
- -I 
Q, 

For Problems 18-19 

18. d., 19. b. 
Sol. The four possible diagrams are: 

Fig. 1.207 

The first diagram is the only one in which the electric 
field must point in the negative y~direction. 

ql = -3.00 ,..C, and q2 < O. 

5 £=0= kql 
x (0.050 m)2 13 

kq2 2 12 
(0,120 m) 13 

kqz kq ] 5 

(0.120 mi = "(0",O"5"'0"Cm")2 12 
kql 12 kq2 5 

E=Ey = (O.050m)213+ (O.120m)213 

kq, (12 (5)(5)) 
= (0.05 mi 13 + Ii 13 

CouLomb's Laws and Electric FieLd 1.59 

E=Ey = 1.17 x 107 NC- 1 

For Problems 20-21 

20. h" 21. a. 
Sol. OA = OB= OC= OD=a 

The magnitude of the electric force due to each charge 
, I Q 

" 4Jl"coa2 +h2 

A 

, , 
F : F 

''.( 
~ , 
'9~ 1 \ '-" , ',\ '" D' 'h '- -.._ 

" ----~, C 
---O:---',f,).:./ 

B 

Fig. 1.208 

The components of the force perpendicular to OP sum 
up to zero because of the symmetrical distribution of charges 
about OP. Hence, the resultant force at P is upward along 
OP. The magnitude of force is given br 

Fur =4x 1 Q eosO 
41l" soh2 + a 2 

Q h Qh 
~ ~ ~~~ 

rcso(h2 + a2) ./h2 + a2 1l"eo(h2 + a 2)3/2 

Fdown = weight = mg 

F 'I'b' Qh or eqUi I num, mg = h' ')'12 rcso( + a 

Yes, this is a stable equilibrium as it will regain its posi-
tion if displaced a little. 

For Problems 22-25 

22. c., 23. b., 24. c., 25. d. 
Sol. 

a. Passing between the charged plates, the electron fee ls a 
force upward and just misses the top plate. The distance it 
travels in the y-direction is 0.005 m. 

0.0200 m 
Time of night = t = 6 

1.60 x 10 mls 
= 1.25 x ro-8 s 

and initial y-vclocity is zero. 
I 

Now, y = VOyt + _at2 

2 
I 

So, 0.005 m = 2"a(1.25 x 10- 88)2 

:::} a = 6.40 x ron ·ms-2 

F eE 
But also, a = - =

m m~ 

,(9,~,~IIC2X~I~0~-7"~k~g~)(~6~,4~0~X~I~0_"~m~'~'-_' E= -
1.60 x JO 19 C 

= 364 NC- 1 
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1.60 Physics for IIT-JEE: Electricity and Magnetism 

b. Since the proton is more massive, it will accelerate less, 
and NOT hit the plates. To find the vertical displacement 
when it exits the plates, we use the kinematic equations 
again: 

I I eE 
)' = _at2 = __ (1.25 x 1O-8sl 

2 2 II1p 

=2.73 X 10-6 m 

c. As men~joned in (b), the proton will not hit one of the plates 
because although the electric force felt by the proton is the 
same as the electron felt. a smaller acceleration resu lts for 
the more massive proton. 

The acceleration produced by the electric force is much 
greater than g; it is reasonable to ignore gravity. 

For Problems 26-27 

26. c., 27. d. 
1/ 2 sin2 () 

Sol. d ~ ---c;--
2a 

qE 
a~

m 

+ + + + + R + + + + + 

Fig. 1.209 

K 
d~~ 

?.qE 

1/
2 2d 

K 
E~-

2dq 

R = -= -- =4d 
a sin2 () 

For Problems 28-29 

28. a., 29. a. 
Sol.a.qE =mg=> qx6.8x 105 = 1.08x 1O- 14g 

=> q = 6.40 X 10- 19 

b. q = lie => 6.4 x 10- 19 = II x 1.6 X 10- 19 => /I = 4 

• 

Matching 
Column Type 

1. i. -+ a., c., d. ii. -+ a., b., d. iii. --+ a., b., d. iv. -+ 

a.,c.,d. 
Sol. In case of stable equilibrium, the potential energy is min
imum and in case of unstable equilibrium potential energy is 
maximum. 

Cases 0) and Ov) are the cases of stable equilibrium, 
hence answers are (a), (c) and (d). Cases (ii) and (iii) are the 
cases of unstable equilibrium hence answers are (a), (b) and 
(d). 

2. i. -+ a., b., c., d. ii. -+ a., b., d. iii. -+ a., b., d. iv. -+ 

a., b., c., d. 
Electrostatic force and gravitational force are conser

vative, action- reaction forces. Also, they depend upon the 
nature of the medium between interacting objects. The prin
ciple of superposition is applicable if all the forces acting on 
at]. object have the same nature. 

3. i. -+ a., c., d. ii. -+ a., b. iii. --+ a., b., c., d. iv. -+ a., 
c., d. 

Electrostatic forces or the Coulombic force exist be
tween charged bodies. Gravitational force exists between alI' 
bodies. Strong force exists between particles inside the nu
cleus. 

4. i. -+ b. ii. -+ a. iii. -+ d. iv. -+ c. 
Charge 'always needs mass to reside. Mass mayor may 

not be charged. Charge is a coserved quantity but mass is not. 
5. i. -+ c. ii. -+ a. iii. -+ d. iv. --+ b. 

qlql => ['0) ~ [M I L -3T4A1) 
So 0::: Fr2 

k = Dimensionless 

E = !. => [E] = [MI L 1r -2Q- I] 
q 

= [MI L 1r-2A-1r- l ] 

= [M 1L 1r-3A - 1)s 

[F] = [M ILlr-l ] 
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Electric Flux and Gauss's Law 

I -;-Ele~;ric ;IUX , , ":.;:: ~,-~~":';~- ,,~o,.; 
I ~ '.G;~?S~·s ~~'~<;:'·W';J,.I'; -I." "';"_':1':;:" f,,·;:; 

,~ , Field of a <Charged: ConduCting' Sphere ,\ 
)! 'Field \3[' a tiile tnarg" ~ \:' ~. " ,1\ (1)\''),l<'\)J f 

. ' ": \1' ,-\ 1. 1\")"" ,"_ ,,' ,', . j':" " 

I 
~ . Field of an.Infinite Plane Sheet of Charge 

~ -i'Field at the surf~'be 'of\a Conductor 
1___' """ __ ~ ____ ~_~_:;~ ____ ' . 

, 
~ Field of. a Uniformly ~!>a,ged Sphere,; , 

. -~f .• ,- ." " '. 

~ Electric Field pu~to a Long Uniformly 
Charged Cylinder§ , . ' 

. ' .. ~< "'-, l 

);> Electric FIeld N6ar,Uiliformiy Volume 
Gharged;Plan:e ';:i ,'\" '.;,,~,' .. ,-: .. ;;;:);:,: . 

';\ ;. .\ .\" ,,~' ',' ," :,. , ' "'p. 
~ Appendix 

- .I .. ....:. .. 

. ',-

2.1 
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2.2 Physics for IIT-JEE: Electricity and Magnetism 

ELECTRIC FLUX 

Tire electric flux through a surface i.~ a description of wile tiler 
the electric field poillls inlo or out oj Ihe surJace. 

.A~" ACOSI/I _ A _ 
A , 

- -• 
(,j (bl 

Fig. 2.1 

Fig. 2. 1 shows a flu id flowing steadi ly from left to right. Let 
us examine the volume flow rate dVklt (in. say, cubic meters per 
second) through the wire rectangle wilh area A. When the area is 
perpendicular to the fl ow velocity [as shown in Fig. 2.1 (a)J and 
the flow velocity is the same Ht all points in the fluid, the volume 
flow rate dV/(/t is the area A mult iplied by the fl ow speed v 

dV 
- =ovA 
til 

,-= 

(a) Surface facc on 10 electric fIeld £ and A parallel 

angle betwt:en Eand .• is ,-0 nUll tPE .. E' i - £it 

E 

A 

(b) Surface ti lte<!. from!ace-<ln oricntal~ ~Y nn angle ¢ 
ang le be tween E lind A is 1/1 nUll <PH" E' A '" £A cos 1/1 

Fig, 2.2 

When the rectangle is tiffed at an lltlgle 41 (as shown in Fig. 
2. I(b» so that its face is not perpendicular to ii, the area that 
counts is the si lhouette area that we sec when we look ill the di
rection of ii. This area, which is outlined in red and labeled A,l 
in Fig. 2. I(b), is the projection of area A onto a surface perpen
dicular to v. 'TWo sides oftne projected rectangle have the same 
length as rhe orig inal one, out the other two are forcshortencd 
by a factor of coscp, so the projected area AJ. is equal to A cos 41. 
Thus. the volume flow rate through A is 

dV 
- = vA cos if> 
dt 

If if> = 90", dV!dt = 0; the wire rectanglc is edge-o n lc- the 
flow. and no fluid passes through the rectangle. 

Also, v cos ¢ is the component of the vector v perpendicular 
to the plane of area A. Call ing this component til., wecan rewrite 

dV 
the volume flow rate as - = vJ. A. 

dl 
We can express the volume flow rate more compactly by using 

the concept of vector nrea A, a vector quantity with magnitude 
A and d irection perpendicular to the plane of the area we are 
describing. The vector area A describes bo~h the size of an area 
and its orientation in space. In terms of A, we can write the 
volume flow rate of fluid through the rectangle in Fig. 2.1 (b) as 
a scalar (dot) product: 

dV _ ~ 
- = tI·A 
dl 

Using the analogy between electric field and fluid flow, we 
now define electric flux in the same way as we have just defined 
the volume flow rate of a fluid. 

Roughly speaking, we can picture ¢I E fn terms of the field 
lines passing through A (Fig. 2.2). 

We generalize our definition of electric flux for a uniform 
electr ic field to 

¢If: = E A cos 41 (electric flux for un iform, flat surface) (i) 
Since E cos if> is the component of E perpend icular tothe area, 

we can rewri te equation (i) as 
¢IF. = EJ.A (electric flux for uniform, flat surface) (ii) 
In tenns of the vector area A perpendicular to lhe are_a, we 

can write the electric flux as the scalar product of E and A: 
¢IE = E· A (electric flux for uniform, flat surface) (iii) 
A surface has two sides, so there are two possible directions 

for It. We must always specify which direction of A we choose. 
For a closed surface, we will always choose the directiOIl of A to 
be outward, alld we will speak. of the flux out of a closed surface. 
Thus, what we called "outward electric flux" corresponds to a 
positive value of¢l£ alld what we called "inward electricjfux" 
correspol/ds to a negative value of¢l£. 

' lliustraUQii 2:1. Find the fl ux of the electric fi eld th rough 

each of the fi ve surfaces of the inclined plane as shown in Fig. 
2.3_ Wha t is the total flux through the entire closed surface? 

+Y , 
'D 

E 
A 

• 

X / C F 
8 _ b.A' 

' z/ • 
Fig. 2.3 

Sol. Note that nux through the faces ABF, eDE and BCEF is 
zero. Area vector of face ABF points in the posi tive z-direction, 
area vector of e DE points in the negative z-direction and area 
vector of BeEF points in the negative y -directi on. ln all the three 
cases, field E is normal to area vector. 
Flux through face ABCD (Fig. 2.4(b»; 

Magnitude of area vector of face ABC D = ab 

¢h' = E . A = £(ab) cos (90" - 9) = Eab sin () 
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A D 

dAI) E ~dA E 

~B E~C 

/ r Oil 
F B 

dA 
(.) 

(b) (0) 

Fig. 2.4 

Flux through face ADEF (Fig. 2.4(c)): 
Magnitude of area vector of face 

ADEF = (a sin8)b = absi n B 

¢E = Ecos JSOO(absinB) = - Eab sin B 

Thus. we obtai n 

(4'E)ABF = O. (r/JEkoE = 0, (lPE)8CEF = O. 

(<!JELIBCD = + EabsinO and (4J,;),'tDEF = -EabsinO, 

Flux is a scalar quantity, therefore total flux is algebraic sum 
of flux through each surface. 

¢IOInl = (¢';)ABF + (rh:kvt: + (rh)ncEF 

+(¢,,)ABCD + (¢E)AD£~' 

=O+O+O+Eab sin8 - Eab si118 =0 

• Note that the contribution 10 the flux for a closed surface 
is positi ve for the surface where the field is directed out 
(ABeD) and negative for the surface where the field is 
directed into the surface (ADEF). 

• The net flux for this closed surface can also be seen to 
be zero from examination of the fie ld lines. If the field is 
uniform, the number of lines that enter the closed surface 
equals the number of lines that come ou~. 

• The flux ofa constant vector through any closed surface is 
zero. 

mustration 2.2 Consider a cylindrical surface of radius 
R,lenglh I, in a uniform electric field E. Compute the electric 
Dux. if the axis of the cylinder is para llel t'"l the fidd direction. 

Sol. We can divide the entire curved surface into three parts, 
right and left plane faces and curved portion of its surface. Hence, 
the su rface integral consists of the sum of the three terms: 

¢E=J£.dA=j E ·dA+ r £·(IA+ r E.dA 
j ldtend I n&htend l curYCd 

_ - -~~ - -r -

Electric Aux and Gauss's Law 2.3 

Fig. 2.5 

All the area elements on the lerl end and electric field E are 
at an angle of 1800 

(¢r:.)leftend = J E· riA = J E dA cos 180° 
XCii end J;cn end 

=_£J. ' clA= - EJr R2 
:heft end 

Note that E is constant over the entire plane surface of left end; 
therefore we take it out from the integral. 

Similarly, all the are.1. clements on the right end are pardllel to 
electric fie ld E, i.e .• angle is 0°. 

(¢~;}'i Sht coo= J £.dA=J EdAcosO° 
hillh! end h ;aht end 

=+£J (IA = EJrR2 
r,iMhl cnd 

Finally, at every point on the curved surface the area vectors 
are perpendicular to the direction of the electric fi eld. Thus, 

Total flux = (¢r:.),ightcnd + (¢f;}",nend + (¢!ilcu,,'cd ,,,rfoce 

= (+En R2) + ( - En R2) + 0 = 0 
Hence, we see that in a uniform field the flux through a closed 

surrace is zero. This is true for any shape of closed surface. 

Illustration 2.3~ A pointchargeq is placed ata distance ~ 
from Ihecentre ofa square of side a as shown in the Fig. 2.6. 
Calculate the eledric flux passing through the square. 

Sol. 
• This problem can solved by symmetry consideration and 

Gauss Law. 

L /" 

rQ~ 
L .~~ 

1<11 

" 
Fig. 2.6 

• We can enclose the ch<lrgcd particle by a cube of side 'a' 
and keeping the particle lit the centre of the cube. 

• Ti,,,; total flux passing through the d ose cube ¢ = !i.. 
e, 
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2.4 Physics for IIT-JEE: Electricity and Magnetism 

• All the six surfaces are symmetrical with respect to charge, 
hence they will have equal contribution of the flux. So, flux 

through anyone face: 1;' = ~ = 6~0' 

nhistration 2.4 In Fig. 2:7, shown a charge q is placed at 
a distance 11 _ 0 near one of the edges ofa cube of edge Ion 
a line of symmetry along diagonal. 

d , 
8/' 

q ~ /'" : 
a " , 

" , 
' " : --" 

J: '''- g 
_/~~------ ---_ ..... - -

--,"'----[7' 

Fig. 2.7 

1. What is flux through each of the faces containing the point 
o? 

2. What is the flux through the other three faces? 

Sol. Use of symmetry consideration may be useful in problems 
of flux calculation. 

:dC-___ -", 

, , , , , , 

b 

h' 
~/~/"~------

f 
(.) 

21 (b) 

Fig. 2.8 

g 

• We can imagine a charged particle is placed at the centre 
of a cube of side 2l. 

• The flux enclosed with the cube 1; = :!.... 
'0 

• The flux passing through one of the face of the cube 

¢'~!~-"-
6 680 

• Hence, the flux passing through the face begf 
¢' q 

= = 
4 2480 

• Each of the face (efgh), (begf) and (degh) are symmetri
cal with respect to charge. Hence, the flux passing through 

each of the face is -q- . 
2480 

• The electric field lines for the faces (eJgh), (begf) and 
(degh) areaway from the faces. Hence, the flux associated 

with each of the faces will be positive (i.e., + ....!!..-). 
2480 

3xq q 
• Hence, total flux through these sides = -- ~ - . 

2480 880 
• Aso ---+ O,wecansaythefaces(abed),(abJe)and(adhe) 

are also symmetrical about charge. Charge is slightly out
side the cube. 

• The number of electric field lines which are passing 
through the faces which do not contain the point a are 
same as the number of electric field lines passing through 
the faces containing the point a. 

• Hence, same amount of flux will pass through the faces 

containing the point a: i.e., .!!....-. 
8'0 

• The electric field lines are towards the faces containing the 

pointa. Hence, the flux will be negative, i.e., 1;/1 = _.!!....-. 
8'0 

• Hence, the flux through each of the faces containing the 
1;/1 q 

point 'a' will be - = ---. 
3 2480 

Your Task: Repeat Illustration 2.4 if the charge is exactly 
at the corner of the cube given. 

Concept Application Exercise 2.1 

1. A charge Q is distributed uniformly on a ring of radius r. 
A sphere of equal radius r is constructed with its centre at 
the periphery of the ring. Find the flux of the electric field 
through the surface of the sphere. 

Sphere 

Fig. 2.9 

2. Figure 2.IO(a) shows an imaginary cube of edge Ll2. Auni
formly charged rod of length L moves towards left at a small 
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but constant speed u. At t = 0, t.he left end just touches the 
centre of the face of the cube opposite it. Which of the graphs 
showin in Fig. 2.1O(b) represents the flux of the electric field 
through the cube as the rod goes through it? 

Flux 

(b) Time 

Fig. 2.10 

3. A hemispherical body is placed in a uniform electric field 
E. What is the flux linked with the curved surface, if the 
ficld is (a) parallel to base of the body (Fig. 2.1I(a)]; 
(b) perpendicular to base of the body (Fig. 2.1l(b)]; and 
(c) perpendicular to the curved surface at every point as in 
Fig.2.II(c). 

E 
E 

Fig. 2.11 

4. What is the field in the cavity. if a conductor having a cavity 
is charged? Does the result depend on the shape and size of 
c~vity or conductor? 

S. Fig. 2.12 shows a closed surface which intersects a 
conducting sphere. If a positive charge is placed at the point 
P, find the sign of flux passing through the curved surface S. 

, 
I 

I 
I 

Fig. 2.12 

p 

• Q 

Electric Flux and Gauss's Law 2.5 

6. In which position (A, B, C or D) of second charge the flux of 
the electric field through the hemisphere remains unchanged? 

c. .8 

• 0 • D q A 

Fig. 2.13 

7. A point charge Q is located just above the centre of the flat 
face of a hemisphere of radius R as in Fig. 2.14. What if 
the flux: 

Fig. 2.14 

a. through the curved surface, and 
b. through the flat face? 
c. Repeat parts (a) and (b) if the charge is exactly at thecentre. 

8. In Fig. 2.15, a cone lies in a uniform electric field E. 
Determine the electric flux entering the cone. 

---+ 

---+ 

---+ 

---+ 
~~~~-~---

Fig. 2.15 

9. A uniform electric field ai + h] intersects a surface of area 
A. What is the flux through this area if the surface lies: (a)in 
the yz plane? (b) in the xz plane? (c) in the xy plane? 

10. a. A point charge q is located a distance d from an infinite 
plane. Determine the electric flux through the plane due 
to the point charge. 

b. A point charge q is located at a very small distance 
from the centerof a very large square on the line perpendic
ular to the square and going through its center. Determine 
the approximate electric flux through the square due to the 
point charge. 

11. Calculate the total electric flux through the paraboloidal sur
face due to a uniform electric field of magnitude Eo in the 
direction shown in Fig. 2.16 . 

• • 
• 9 • 

j,' • ( • E, 
Fig. 2.16 
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2.6 Physics for IIT·JEE: Electricity and Magnetism 

12. Consider a closed surface of arbitrary shape as shown 
in Fig. 2.17. Suppose a single chargc Qt is located at some 
point with'in the surface and second charge Q2 is located 
outside the surface 

G 
Fig. 2.17 

a. What is the total flux passing through the surface due 
to charge Q I? 

b. What is the total flux passing through the surface due 
to charge Q2? 

13. If Coulomb's law involved Ifr 3 (instcadof lfr2)would 
Gauss's Jaw be still true? 

GAUSS'S LAW 

Gauss's law is an alternative to Coulomb's law. While com
pletely equivalent to Coulomb's law, Gauss' law provides a dif
ferent way to express the relatiollShip between electric charge 
alld electric field. 

Gauss's law states that the total electric flux through a closed 
surface is proportional to the total electric charge enclosed within 
the surface. This law is useful in calculating fie ld caused by 
charge distributions that have various symmetry properties. 

Mathematically, Gauss's Law can be written as 
~ ~ q'n 

¢~1 E·dA ~ -' 
'0 

We once again emphasise that the electric field appearing in 
the Gauss's law is the resultant electric field due to all the charges 
present inside as well as outside the given closed surface. On 
the other hand. the charges qin appcaring in the law are only the 
charges contained within the closed surface. The contribution of 
the charges outside the closed surfacc in producing the flux is 
zero. A surface on which Gauss's law is applied is sometimes 
called the Gaussian surface (Fig. 2. [8). 

OQ, 

Oq, oQ, 

Oq" oQ" 

Gaussian surface 

Fig. 2.18 

Caution: Remcniber that the closed surface in Gauss's law is 
imaginary; there need not be any material object at thc position 

of the surface. We often refer to a closed surface used in Gauss's 
law as a Gaussian surface (Fig. 2.19). 

Projection of an clement of area dA of 
a sphere of radius R onto 3 concenlric 
sphere of radius 2R. The projection 
rnultiplieseach linear dimension by2, 
so the area clemenl on the larger 
sphere is 4 dA. The same number of 
field lines ami the same flux pass 
Ihrough Ihese two area elements. 

Spherical Gaussian surfac ... around 
positive charge; positive (outward) 

flux. 

entering surface Same field line 
leaving surface 

A point charge outside a ctosed 
surface Ihat enctoses no charge. Ifan 
cleClric field line from Ihe external 
charge enters thc surface at one pLlinl, 
it must leave at anolher. Figure 
itluslrates this point. Electric field 
lines can begin or end inside a region 
of space only when there is charge in 
Ihatregion. 

(b) 

Spherical Gaussian surface around 
negalive charge; negative (inward) 

flux . 

Fig. 2.19 

Note thatthe electric field intheexpressionf E· dA = qin is 
'0 

the resultant field at any point on the Gaussian surface, whereas 
% is the charge enclosed by the Gaussian surface. Consider the 
two Gaussian surfaces AI and A2 as shown in Fig. 2.20. 

Fig. 2.20 

Charge Q lies at the center of the Gaussian surface A I. For 

surface A I. the net flux through A I is Q. For surface A 2 , charge 
'0 

Q is outside A2 so that the net flux through A2 is zero. Note that 
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--- --. ~ 
--~ --

- ,'::. • l.i_ t, 

'he fie ld lines that enter the Gaussian surface A2 (net flux in) 
also leave it (net flu x OUI). 

Spherical 
Gaussian 
surface 

\""-:'::;~-"'Oifl-Spherica l 

i 
,,) 

Fig. 2.21 

Problem Solving Strategy 

,b) 

Gaussian 
surface 

Identify the relevant concepts; Gauss's law is most useful 
in situations where the charge distribution has spherical 
or cylindrical symmetry or is distributed uniformly over 
a plane. In these siluation, we detennine the direction of 

E from the symmetry o f the charge distribution. If we are 
given the charge distribution, we can use Gauss' law to 

~ 

find the magnitude of E. Alternatively, if we are g iven the 
field, we can use Gauss's law to determine the details of 
the charge distribution. In either case, begin your analysis 
by asking the question, "What is the symmetry?" 
The problem uses the fo llowing steps: 

1. Select the surface that you will use with Gauss's law. 
We often call it a Gaussian surface. If you are .trying to 
find the field at a particular point, then that point must 
lie on your Gaussian surface. 

, 

Charge Gaussian Electric 
Distribulion Surface Field 
Point charge Spherical Radial 
Spherical charge Spherical Radiaj 
distribution 
Line of charge Cylindrical Radial 
Planer charge Plane parallel Normal to surface 

to charge 
distribution 

2. The Gaussian surface does not have to be a real phYSical 
surface, such as a surface of a solid body. Often the 
appropriate surface is an imaginary geometric surface: 
it may be in empty space, embedded in a solid body, or 
both. 

3. Usually, you can evaluate the integral in Gauss's law 
(without using a computer) only if the Gaussian !'ur
face and the charge distribution have some' symmetry 
property. If the charge distribution has cylindrical or 
spherical ~ymmetry, choose the Gaussian surface to be 
a coaxial cylinde r or a concentric sphere, respectively. 

Electric Flux and Gauss's Law 2.7 

FIELD OF A CHARGED CONDUCTING SPHERE 

We place positive charge q on a solid conducting sphere with 
radius R (as shown in Fig. 2.22). All the charges must be on the 
surface of the sphere. 

+ 

Parts of 
Gaussiau sli rfoces 

£=0 .... , 
· insidc,~ , 

£ 

£(R) . I q 
4/1'41 Rl 

E(R)/4 --- -1---- -
E(R)19 

~~0J-~~R~-,2~R~~3~Rc--- ' 
£ -0 

Under electrostatic condit io lls lhe electric field 
inside ~ solid conducting §phere i ~ lCro. Outside 
lhe spher~ Ihc clectric ncld drup§ off as 111'2. as 
though nil the e)(ccs~ charge on sphere were 
eoncclU tatcdal ils ccnlrc. 

Fig. 2.22 

Selection of Gaussian Surface 

The system has spherical symmetry, To take advantage of the 
symmetry, we take as our Gauss ian surface an imaginary sphere 
of radius r centered on the conduc tor. To calculate the fie ld OUI

side [he conductor, we take r to be grealer than the conductor's 
radius R; to calculate fie ld inside, we take r to be less than R. 
In either case, the point where we wnnt to calculate E lies on 
Gaussian sUiface. 

Electric Field Outside the Sphere 

We fi rst consider tho: fi eld outside the conductor, so we choose 
r> R. The enti re conductor is wi thin the Gaussian surface, so 
the enclosed charge is q. The area of the Gaussian surface is 
4JT/,2; E is uniform over the surface and perpendicular to it at 
each point. The nux integnt1 j' E.J.. dA in Gauss's law is therefore 
just E (41Tr 2) which g ives 

, 'I 
£ (471'r- ) = 

eo 

or E = -'- "2 (outside a charged conducting sphere) 
47T£0 r 

This expression for the field at any livin! outside the sphere 
(r > R) is the SU1l1e as for a poi nt chnrge: the field due to the 
charged sphere is the smne as though the entire charge were 
concentrated at its center, Just outside the surface of the sphere, 
where,. = R. 
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2.8 PhysiCS for lIT .JEE: Electricity and Magnetism 

£= _1- ~ 
4 71"£0 R 2 

(at the surface of a charged conducting sphere) 

Electric Field Inside the Sphere 

We know that cXlra charge on a conductor lies on its outer sur
face. So there is no charge inside the Gaussian surface, i.e., 
qin = 0 (Fig. 2.23). 

,c-'" - qin 2 
:t£.dA n.~ =O => £4](r =0 =? £ = 0 

\., EO 

+ + + 
+ + , , 

+, ,+ , , 
+: ----;:-+) + 
+ ' + 

+ + 
+ + + 

Gaunian surface 

Fig. 2.23 

Hencc. at a point inside the sphere. electric field is zero. 

FIELD OF A LINE CHARGE 

Elcctric charge is distributed uniform ly along an infinitely long, 
thin wire. The charge per unit length is ). (assumed positive), 
known as linear charge density. 

Selection of Gaussian Surface 
The system has cylindrical symmetry. This property suggest that 
we use as a Gaussian surface a cylinder with arbilrary radius r 
and arbitrary length /, with its ends perpendicular to the wire 
(Fig. 2.24). We break the surface integral for the flux ¢ E into an 
integral over each flat end and one over the curved side walls. 

E, 

Gaussian 
surface 

\"!::::::T-::::::::;;-' £(£ .1 iii) 

Fig. 2.24 

There is no flux through the ends because E lies in the plane 
of the surface. To fi nd the flux through the side walls, note that 
E is perpendicular to the surface at each point; by symmetry. 
£ has the same value everywhere on the walls (curved surface). 
The area of the side walls is 2](d. (To make a paper cylinder 
with rildius r and height I. you need a paper rectangle with width 
2](r and height I . so area 2](d (Fig. 2.25)). Hence, the total flux 
$ £ through the entire cylinder is the sum of the flux through the 
side wails. which is (E){27Td). and the zero flux through the 

two ends. Finally, we need the total enclosed charge, which is 
thc charge per unit length multiplied by the length of wire inside 
the Gaussian surface. or Q cnd = .J...J. From Gauss's law, 

' .l..l I ). 
41£ = (£ )(271"r/) = - and E = - - -

EO 2](£0 r 
(fi eld of an infinite line of cha!ge) 

We have assumed that). is positive. If it is negative. E is 
directed radially inward toward the line of charge. and in the 
above expression for the field magnitude E we must interpret). 
as the magnitude (absolute value) of the charge per unit length. 

Fig. 2.25 

FIELD OF AN INFINITE PLANE SHEET OF 
CHARGE 

Let us consider a thin. flat , infinite sheet on which there is a 
uniform positive charge per unit area (1. 

Selection of Gaussian Surface 
To take advantage of these symmetry properties, we use as our 
Gaussian surface a cylinder with its axis perpendicular to the 
sheet of charge, with ends of area A (Fig. 2.26). 

The chargcd sheet passes through the middle ofthe cylinder's 
length. so the cylinder is perpendicular to the surface; hence 
the flu x through each end is EA. Because E is perpendicular to 
the charged sheet, it is parallel to the curved side walls of the 
cylinder. and there is no flu x through these walls. 

Fig. 2.26 

Gaussian 
surface 

The total fl ux integral in Gauss's law is then 2EA (EA from 
each end and zero from the side walls). The net charge within 
the Gaussian surface is the charge per unit area multiplied by 
the sheet arca enclosed by the surface, or Q cncl = (1 A. Hence. 
Gauss's law gives 

u A 
2£A = 

'0 
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, 
l: - - . 

a 
or E = - (fie ld o f an infinite sheet of charge) 

2<0 
Iflhcchargc density is negative, E is d irectcd toward the sheet. 

the flux through the Gaussian surface in fi gure is negative, and 
a 

in the expression E = -2 ,0 denotes the magnitude (absolute 
<0 

va lue) of the charge density. 
The assumption that the sheet is infinitely large is' an ideal

ization; nothing in nature is really infinitely large. But the result 
a 

E = -2 is a good approx imation for points that are close to the 
<0 

sheet (compared to the sheet's dimensions) and not too near its 
edges. At such points. fie ld is very nearly uniform and perpen
dicular to plane. 

FIELD AT THE SURFACE OF A CONDUCTOR 

To find a re lation between cr al any point on the surface and the 
perpendicular component of the electric field at that point, we 
construct a Gaussian surface in the form o f a small cylinder (as 
shown in Fig. 2.27). 

Ouler surface if 
of charged 
conduclQr 

Gaussian ''-,s:~~::::~--: surface 
£ ... 0 

The fi eld just OUlside ft charged conductor is perpend icular to 
tho surface and its pe rpendicular component E 1. is cqual to a/Eo. 

Fig. 2.27 

One end face. with area A, lies within the conductor and the 
other lies just outside. The electric field is zero at all points 
~ith in the conductor. Outs ide the conductor the component of 
E perpend icular to the s ide walls o f the cylinder is zero, and 
ove r the e nd face the perpendicular component is equal to E1. . 
(If CJ is posit ive, the electric fi e ld points o ut of the conductor and 
E1. is posit ive: if CJ is negative, the fi e ld points inward and E1. 
is negative .) Hence. the total nux through the surface is E1. A. 
The charge enclosed within the Gaussian surface is CJ A. So from 
Gauss's law. 

aA 
E1.A = 

<0 
a 

or E1. = - ( fie ld atthe surface ofaconductor) 
<0 

We can check this with the results we have obtained for spher
ical, cylindrical , and pl ane surfaces. 

FIELD OF A UNIFORMLY CHARGED SPHERE 

Positive electric charge Q is distributed uniformly throughout 

the volume of an insulating sphere w ith radius R. 

Electric Flux and Gauss's Law 2.9 

Selection of Gaussian Surface 

The system is spherically symmetric. To make use of this sym
metry. we choose as our Gaussian surface a sphere w ith radius 
r , concentric with the charge distribution. 

Electric Field Inside the Sphere 

From symmetry, the magnitude E of the electric field has the 
same value at every poillt on the Gaussian surface, and the direc
tion of E is radial at every point on the surface. Hence, the total 
electric nux through the Gaussian surface is the product of E and 
the total area nf the surface A = 4:rr),2, that is, ¢ E = 4rr 1'2 E. 

R 
7C~_ Gaussian 

surface 
E 

E(R) = - '- "-41!t'o Rl 

IQ!:, 
E "" 41tF(l Rl 

o R 

Fig. 2.28 

E~-' "-4"" ~ 

The amount o f charge enclosed within the G aussian surface 
depends on the radius r . Let us fi rst fi nd the fie ld magnitude in
s ide the charged sphere of radius R; the magnitude E is evaluated 
a t the rad ius o f the Gaussian surface, so we choose r < R. 

The vo lume charge density p is the charge Q divided by vol· 

ume of the entire charged sphere of radius R: p = 4rr ~3 13 ; 

Qe~l = pVellCl = (4rr ~3/3 ) (~rrr3) = Q ;33 

Then us ing Gauss's law, ¢ =! E ds = Qencl 
<0 

Q )' 3 
E! ds = E4Ttr2=- -

eO R3 

I Qr 
or E= ----

4rr£0 R3 
(ficld ins ide a uniformly charged sphere) 

The field magllilUde is plVlw rliolloi 10 lire dis/atlce r of the 
fie{d poilll flVm lire center of Ihe sphere (Fig. 2.28). 

At the center (r = 0), E = O. 
Electric fi eld in terms of charge density (at inside point) 

(p~ :rr R3) r PI' 
E = = 

4rr£0 R3 3eo 

~ E = 3P l' (field ins ide a uniformly charged sphere) 
<0 

To find the field magnitude outside the charged sphere: We 
usc a spherical Gaussian surface of radius /' > R. This surface 
encloses the entire charged sphere, so QCllci = Q and Gauss's 

law gives 

E4Jrr2 = Q 
<0 
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2.10 Physics for IIT-JEE: Electricity and Magnetism 

or E = _ I _ ~ (field outside a uniformly charged sphere) 
4Jreor 

For any spherically symmetric charged body, the electric field 
outside the body is the same as though the entire charge were 
concentrated at the center. 

ELECTRIC FIELD DUE TO A LONG UNIFORMLY 
CHARGED CYLINDER 

Consider a long uniformly charged cylinder' of volumetric charge 
density p and radius R. 

__ +-_ Gaussian Surface 
-l$! 

(At point r < R) (At point r > R) 

Fig. 2.29 

For any point I' < R or r > R, the Gaussian surface will be 
cylindrical as shown in Fig. 2.Z9. For any point inside the cylin
der (r < R), 

E(2rr /' I) = qin = (prr 1'
2
1) 

So So 

E=pr => Ecxr 
2'0 

For any point outside the cylinder (r > R) 

E{2rr ,r I) = qin = (prr R
2
1) 

eo eo 
p R2 I 

E =-- => Eo:-
Zeol' I' 

Electric field inside the long uniform ly charged cylinder varies 
Ii neary, i.e., E cx I' and outside the cylinder the electric field 

1 
varies inversely to the distance from the axis, i.e., E 0: - (See 

Fig. 2.30). 
, 

, , , , 

~
' , ' 2£0 ---; 

R , 

Fig. 2.30 

ELECTRIC FIELD NEAR UNIFORMLY VOLUME 
CHARGED PLANE 

Let there be charge distributed uniformly in an infinite plane of 
thickness d with the volume charge density p. Due to symmetry 
the electric field will be norma!ly away and same in magnitude 
at same distances from the plane of symmetry. 

Field Inside the Plane 

Consider the Gaussian surface of the form of a cylinder of area S 
and thickness 2r « d) placed symmetrically (Fig. 2.31). On the 
curved surface, flux of electric field will be zero as the area vector 
is perpendicular to the field vector. On left and right surfaces, 
flux is positive (outcoming flux). Hence, 

f E dS = qinctosed, 

S '0 

where f EdS = f EdS+ f EdS+O 
S Left Right 

=> f EdS = E f dS+E f dSqin =pV=pS2 
S Top Bonom 

=>!EdS=2ES= S(2r)p 
'0 s 

P'-=> E = - (field inside a uniformly charged plane) 
'0 

Hence, electric field inside the plane sheet (r < ~) is directly 

proportional to distance of point I' from the central plane. 

E 

AreaS 

: +-:-- Plane ofsymmctry 
~rfl~ 

E 

iXKrd'L. 
Fig. 2.31 
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Now, consider the Gaussian surface of the form of a cylin
der of area S and thickness 2r (> d) placed symmetrically. On 
the curved surface, the flux of electric fie ld will be zero as the 
area vector is perpendicular to the field vector. On left and right 
surfaces, flux is positive (outcoming flux). Hence, 

JEd S = Qinclosed 

j 80 
s 

where fE is = f E dS+ f E dS+O 
S Top Bottom 

:::::} f E dS = E J dS + E ! dS 

S uft Right 

d 
2 (field outside uniformly charged plane) 

' '''''~jY[1 

--+-71'-:':--, 

Fig. 2.32 

Hence, the electric field outside the plane sheet (r > ~) is 

constant and does not depend on the distance of point r from the 
central plane (See Fig. 2.32). 

APPENDIX 

Solid angle: It is the cone subtended by an area at the point of 
interest (See Fig. 2.33). The magnitude of solid angle subtended 
by an area S at a point is defined as 

f cosO 
n~ --d, 

" s 

-~ , , 
dS 

Fig. 2.33 

at its center. Therefore, total solid angle around a point in space 
is the solid angle subtended by entire spherical surface on its 
center. 

4n R2 
~ = 4n steradian 

Electric Flux and Gauss's Law 2,11 

Solid angle subtended by a disk at a point on its axis: 
Consider a coaxial area element of radius x and thickness dx 

(See Fig. 2.34). dS = 2n xdx 

Solid angle subtended by this element at point P is 

dScosO 2n:xdxu 
dQ = ::::} dn. = ;-;-~~;;;;=;=" 

(x2 + a2) (x2 + a2).../02 + x2 

Ai'1---. dS 
dScosl9 

Fig. 2.34 

p 

Hence, total solid angle 3ubtended by the disk is 

n. = na J 2xdx => Q = 2na ( 1 ) R 
o (x 2 + a2 )3/2 .../a2 + xl 0 

=> n ~ 2rr (I _ a ) 
-Ja2 + R2 

Q = 211' (I - cosa); where a is the semi vertical angle of the 
cone subtended by the disk at P. 

Concept Application Exercise 2,2 

1. Fig. 2.36 shows the field produced by two point charges +q 
and -q of equal magnitude but opposite sign (an electric 
dipole). Find the electric flux through each of the closed 
surfaces A, B, C and D. 

Fig. 2.35 

2. The three small spheres as shown in Fig. 2.36 cany charges 
ql == 4 nC, q2 = -7.8 nC and q3 = 2.4 nCo Find the 
net electric flux through each of the following closed 
surfaces shown in cross section in the figure. 

a. SI b. S2 

d. S4 

e. S5 

Do your answer to parts from (a) to (e) depend on how th 
charge is distributed over each Snt(lJl sphere? Why or wh 
not? 
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2.12 Physics fO T IIT-JEE: Electricity and Magnetism 

s, 

Fig. 2.36 

Surface 
S, 
S, 
S, 
S, 
S, 

What it encloses 

" " q ] and q2 
q] and q] 
q] and q2 and q3 

3. A conducting sphere carrying charge Q is surrounded by" 
a spherical conducting shell. 

a. What is the net charge on the inner surface of the 
shell? 

b. Another charge q is placed outside the shell. Now, 
what is the nct charge on the inner surface of the 
shell? 

c. If q is moved to a position between the shell and the 
sphere, what is the net charge on the inner surface of 
the shell? 

d. Are your answers valid if the sphere and shell arc not 
concentric? 

4. A solid insulating sphere of radius a carries a net positive 
charge 3Q, uniformly distributed throughout its volume. 
Concentric with this sphere isaconducting spherical shell 
with inner radius b and outer radius c, and having a net 
charge -Q, as shown in Fig. 2.37. 

- Q 

Fig. 2.37 

a. Consider a spherical Gaussian surface of radius r > 
C, the net chargc cnclosed by this surface is 

b. Thedirectionoftheelectricfieldalr > c is 

c. The electric fie ld at r > cis ... __ . _ 

d. The electric field in the region with radius r, where 
c>r>bis _ 

e. Consider a spherical Gaussian surface of radius r, 
wherec > r > b. the net charge enclosed by this sur
face is 

f. Consider a spherical Gaussian surface of radius r, 
where b > /' > a, the net charge enclosed by this sur
face is 

g. The electric field in the region b > r > a is 

h. Consider a spherical Gaussian surface of radius /' < 
a. Find an expression for the net charge, Q(r) enclosed 
by this surface as a function of r. Note that the charge 
inside this surface is less than 3 Q. 

i. The electric field in the region r < a is 

j. The change on the inner surface of the conducting 
shell is 

k. The charge on the outer surface of the conducting 
shell is _ . _ ___ . 

I. Make a plot of the magnitude of the electric field vs 
,. 

5. A small conducting spherical shell with inner radius a and 
outer radius b is concentricwith a larger conducting sphere
ical shell with inner radius c and outer radius d. The inner 
shell has total charge +2q and the outer shell has charge 
+4q. 

a. Make a plot of the magnitude of the electric field vs 
,. 

b. Calculate the electric field (magnitude and direction 
in terms of q and the distance r from the common 
centre of the two shells for (i) r < a; (ii) a < r < b 
(iii)b < r < c; (iv)c < r < d; (v)r > d. Show you 

results in a graph of the radial component of E as 
function of r. 

c. What is the total charge on the 
i. inner surface of the small shell; 
ii. outer surface of the small shell; 
iii. inner surface of the large shell; 
iv. outer surface of the large shell? 

6. Which of the following statements is/are correct? 

a. Electric field calculated by Gauss law is thc field due 
to only those charges which are enclosed inside the 
Gaussian surface. 

b. Gauss law is applicable only when there is a symmet
rical distribution of charge. 

c. Electric flux through a closed surface is equal to total 
flux due to all the charges enclosed within that surface 
only. 

7. Which of the following statement is correct? If E = 0, at 
all points of a closed surface 

a. the electric flux through the surface is zero. 
b: the total charge enclosed by the surface is zero. 
c. no charge resides on the surface. 

8. Ahollowdielectricsphereas shown inFig.2. 38 has inner 
and outer radii of RI and R2. respectively.The total charge 
carried by the sphere is +Q, this charge is uniformly dis
tributed between RJ and R2. Then, 

Fig. 2.38 

a. the electric field for r < RI is zero. 

b. the electric field for RI < r < R2 is given by 

c. the electric fie ld for r > R2 is given by . __ _ 
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9. A ring of d iameter d is rotated in a unifonn electric field 
until the position of maximum e lectric flux is found . The 
fl ux is found to be ¢. What is the electric field strength? 

10. Two infinite, nOlKonducting sheets of charge are paralle l 
to each other, as shown in Fig. 2.39.The sheeton the left 
has a uniform surface c harge density a, and the one on 
the right has a uniform charge density - a . Calculate the 
electric field at points (a) to the left of, (b) in between, and 
(c) to the right o f the two sheets. 

r 

Fig. 2.39 

11. SI and S2 are twO hollow concentric spheres enclosing 
charges Q and 2Q, respective ly, as shown in Fig. 2.40. 
What is the ratio of the e lectric flux through SI and S2? 

2Q 

o s, 

Fig. 2.40 

12. A hollow hal f cylinder surface of radius R and length I is -placed in a uniform electric field E. Electric field is acting 
perpendicularly on the planeABCD. Find the flux through 
the curved surface of the hollow cylindrical surface. 

A 

_-lO_.~R~ 1 
I 

~ ! 
if c 
Fig. 2.41 

13. Consider two concentric conducting spheres. The outer 
sphere is hollow and initially has a charge - 7 Q on it. The 
inner sphere is solid and has a charge +2Q on it. 

a. How much charge is on the outer surface and inner 
surface of the outcr sphere. 

Electric Flux and Gauss's law 2.13 

b. If a wire is connected between the inner and outer 
spheres, after electrostatic equilibrium is established 
how much total charge is on the outer sphere? How 
much charge is on the outer surface and inner sur
face of outer sphere? Does the electric field at the 
surface of the inside sphere change when the wire is 
connected? 

c. We return to original condition in (a). We now can· 
nect the outer sphere to ground with a wire and the 
disconnected it. How much total charge will be on the 
outer sphere? How much charge will be on the inner 
surface and outer surface of the outer sphere? 

. . Solved Examples . 

Example 2.1 A long, straight wire is surrounded by a 

hollow metal cylinder whose axis coincides with that of the 
wire, The wire has a charge per unit length of A, and the 
cylinder has a net charge per unit length of 2)., From this 
information, use Gauss's law to find (a) the charge per unit 
length on the inner and outer surfaces of the cylinder and 
(b) the ci«tric field outside the cylinder, a distance r from 
the axis. 

Sol. 
a. Inside surface: Consider a cylindrical surface ":, ithin the 

mctal. Since E inside the conducting shell is zero, the to
tal charge inside the Gaussian surface must be zero, so the 
inside chargeflength = - A. 

O= ),f+qin so qin = -A 
I 

Outside surface: The total charge on the metal/cylinder is 

2Al = qin + qOUt 

qoo l = 2AJ + ),f so the outside chargcllength is 3A 

21,(3') 61, ' 3' . 
b. E = --- ::::: -- ~ -- radially outward. 

r r 21r €or 

A point charge q is placed on the apex 

of a coile of semi·vertex angle 8. Show that the electric lI,!x 
q(l-cos8) 

through the base of the cone is '--"2CC--~ 

GAussian 
Surf;tce 

e, 

A 8 

(0) 
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2.14 Physics fo r IIT-JEE: Electricity and Mag netism 

~ 
..... Rda 

(b) 

Fig. 2.42 

Sol. Method 1: For point charge, Gaussian surface should be 
spherical. Consider a Gaussian sphere with its centre at the apex 
and radius the slant length of the cone. The flux through the 
whole sphere is q leo. Therefore, the flux through the base of the 

cone, ¢E = (~) . "-
Ao eo 

Here, Ao = area of whole sphere = 411' R2, and 

A = area of sphere below the base of the cone. 

Consider a differential ring of radius r and thickness dr. 

dA = (2rrr)Rda = (2rrRsina)R da [as r = R sinal 

= (211'R2)sina da , 
A == / (2rrR2)sina da; A =2rr R2(I -cose) 

o 

The desired flux is ¢t: = (~) "
Ao eo 

(211'R2)(l-cose)q (l-cose)q 
~ 

(4]( R2) eo 2eo 

Method 2: Using the concept of solid angle. 

Total solid angle around a point in space is 411' stc-radian. 
Solid angle subtended by the base of the cone at the apex of 
cone is rr = 2]( (I - cos e) 

As the flux associated with solid angle 4rr is !i. 
eo 

Hence, the (lux associated with solid angle 2]( ( I - cos e) is 

q 2rr(l - cose) q(l- cose) 
¢~ ~ 

eo 4]( 2e" 

A cube of side I has one corner at the 

origin of coordinates and extends along the positive X-, y_ 
and z-axes. Suppose the electric field in this region is given 
by E = (a + by)). Determine the charge inside the cube. a 
and b arc some constants. 

Sol. The faces adhe, begf, cdhg, abfe will contribute zero 
flux because the area vector is normal to electric field for these 
faces. 

Flux through face efgh, 

Z 

dA 0 
f 

b 

, 
" E-(a+by)J , 

dA <- --~il 
, , 

I 
, 

dA 

---
, 

0 
, 
'g 

~1. __ , 
Y 

" ® , , , d 

0 
dA 

Fig. 2.43 

¢1 = jE·dA =a(})Z2(_]) = - a12 

The field at the face efgh (that lies in the yz plane, y = 0) is 
E = a] and area vector is Z2( - ]) (direction outward normal) 

Flux through face abed: ¢2 = (a + bl)] . 12] = (a[2 + bi3), 
for this y = I 

Net flux through the cube = ¢1 + ¢2 = hZ3 

,Qcndosed 3 
From Gauss slaw, ¢ = , Qcnclosod = eo¢£ = eobi 

eo 

. Example .2.4.'· The electric field in a cubical volume is 

E=Eo(l+~)i+Eo(~)) 
, 
I 

/' +'9 
, 

)' 
, 

I ,~ ~ 1'7 
--- -+y 

Fig. 2.44 

Each edge of the cube measures d and one of the corners lies 
at the origin of coordinates. Determine the net charge within 
the cube. 
Sol. 

x 

, , , , 

, , , , 
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1 J;i----L--p. --------------. 
4 I 2, Eo(Dj 

d, T ' 
Z EO(I +~)7 

.J----------------+ y 

X 

Fig. 2.45 

We choose a differential slab of thickness dz, at a distance 
z from y-axis. The e lectric field varies with l-coordinate only. 
The field components at this position have constant magnitude. 
Consider faces I and 3. Net flux due to y-component of field 
is zero (area vector and field vector are perpendicular) and net 
flux due to x-component is also zero because net flux in through 
face 3 is equal to net flux out through face 1. Similarly, net flux 
through faces 2 and 4 arc also zero. Flux through each differential 
slab in the cube is zero. Therefore, from Gauss's law nct charge 
enclosed by cubical volume is zero. 

EXDmpleZ.s Two identical metal platts each having 
surface area' A'. having charge '91' itnd 'Q2' are placed fac
ing each other at It separation 'd'. Find the charge appearing 
on surface (1), (2), (3), and (4). Assume the size of the plate 
is much larger (han the separation between the plates. 

<D (j) 

91 91 

I<--d_ 

Fig. 2.46 

Sol. Facing surfaces have equal and opposite charge (by Gauss 
theorem). Let the facing surfaces have the charge x and - x (sur
face (2) and (3), respectively). 

Thcn, the charge on the surfaces ( ) and (2) should be (q l - x) 
and x, respectively (by conservation of charge). 

Facing metallic surfaces always have equal and opposite 
charge, hence charge appearing on surf8ccs (3) and (4) will be 
- x and (q2 + x), respectively. 

Let us consider a point P inside the left plate. Net electric 
field at P should be lero. 

Net e lectrie field at P will be due to the resultant of electric 
field due to charge appearing on all four surfaces. 

=> £1 + £3=£2+£4 

=> ~+~=~+~ 
2Eo 2to 2to 2£0 

=> ql -X+X=Q2+X +X 

Electric Flux and Gauss's Law 2.15 

Face (I) (~-;;;\, 
'. 2 ,/ 
,~ .' ----, 

Face (2) (91 -91 \, 
'. 2 " '---".~:::::::::-.-- -'. 

Face (3) (;QI- 92)" 
, 2 ' " ,,' -=;e:::::--

. "" '., -.... 

Face (4) :'(91 + 92)' 
'. 2 / , , 

, - ' 

Fig, 2.48 

Hence, charge appearing on different surfaces are as shown in 
Fig. 2.49. 

Important Note 
• Facing surfaces have the equal and opposite nature 

of charge with magnitude 'half the difference of the 

charge on different plates'. i.e., (ql ; q2 ) in sur-

face (2) llnd (qZ; ql) or _ (ql ; qz) in surface 

(3). 
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2.16 Physics for IIT·JEE: Electricity ami Magnetism 

• Outer surfaces always have equal charges of magnitude 

' halflhc summation of charges', i.e., (qt : l/2) in each 

surface ( I) and (4). 

• If we have Ihis type of charge distribution, then the elec
tric field inside any mctal plate will be zero. 

• The charge appearing on the surfaces (2) and (3) is 
called bounded charge and the charge appearing on the 
surfaces (1) and (4) is called free charge. 

• If we join second plate (right plate) with ground (Fig. 
2.50) the charge appearing on the surface (4) will go to 
the earlh and charge distribution will be 

• • • • • • 
• -q • • :+q 
• 

Fig. 2.50 

• Any metal plate or object connected to the earth need 
not have zero charge. If the conducting body is isolated 
and connected to eanh. then it will have no charge. If the 
conducting body is connected to eanh have any charged 
object near to it. then the body will not have zero charge. 

Example 2.6 A point cha rge + Q is placed at the centre 

of an uncharged spherical conducting shell of inner radius 
a and outer radius b as shown in Fig. 2.51. 

Fig. 2.51 

1. Find the electric field fQr r < Q . 

2. What is the magnitude and sign of the induced charge q' 
on the inner shell surface? 

3. What is the field for Q < r < b? 

4. What is the electric field at points r > b? 

5. What is the surface charge on the outer surface of the 
conductor? 

Sol. 

1. Consider a Gaussian surface of rad ius r < R inside the cavity, 

centred on the charge Q. From Gauss's law, 

¢£ = f EdA = E(41l"r2) = + Q 
"0 

From which we find the e lectric field to be 
E~ _1_Q 

4JfEo r2 
This resu lt is the same as that of a point charge in vacuum. 

2. Cons ider a Gaussian surface ins ide the conducting material. 
S2. Wedo not know if there is a charge on the inside surface of 
the conductor or not. We assume that the charge is q'. If q' is 
zero. the result of Gauss's law will show it. Because the Gaus
sian surface is inside the conductor, the electric field is zero. 

From Gauss's law, 

f Ed A = E(4rrr2) Q. nclose<l = 0 
"0 

Q.ncl<md = Q + q' = 0 
£0 EO 

which implies q' = - Q 
There is a charge on the inside surface of the conductor. The 
tota] charge induced on the inside surface of the cavity is the 
negative of the charge placed at its centre. 

3. The field inside a conductor in e lectrostatic equilibrium is 
always zero. 

4. For E (r > b), consider a Gaussian surface S3. From Gauss's 
law. we have 

¢£ = f EdA = 

E(4Jrr2) = +Q 
"0 

E~-Q-
47f tor2 

Qcru:1oKd 

"0 

It was stated in thc problem that thc conducting sphere has no 
nct charge. Consequently, the iotal charge insidc our Gaussian 
surfacc S3 is sum of charge +Q and induced charges - Q on the 
inner surface of conductor and +Q on the surface. Once more 
we can see that fi eld outside the sphere is same as fOJ" a point 
charge. The conducting sphere has no shielding effect at all. 
However. such a conducting shield dOcs prevent electrostatic 
fields from charges outside the shell from entering it. 

S. Thecondueling she ll has no net charge. yet there is a surface 
charge -Q on its surface. Because the net charge on the shell 
is zero and no charge can reside inside a conducto r. there 
must be +Q charge on the outer surface of the conductor 
(See Fig. 2.52). 

the conductor 

t 
Fig. 2.52 

+ QOll 

ou ter surface 
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Electric Flux and Gauss's Law 2,17 

EXERCISES 
Subjective Type Solutions on page 2.25 

1. An infinite wire having charge density A passes through 
one of the edges of a cube having edge length I. Find the 

"- "-
L\ 

"- "-, 

Fig. 2.53 
a. total flux passing through the cube. 

h. flux passing through the surfaces which are in contact 
with the wire. 

c. flux passing through the surfaces which are not in 
contact with the wire. 

2. It has been experimentally observed that the electric field 
in a large region of em1h's atmosphere is directed verti
cally down. At an altitude of 300 m, the electric field is 
60 Vm- I • At an altitude of200 m, the field is 100 Ym- I . 

Calculate the net amount of charge contained in the cube 
of 100m edge, located between 200 and 300 m altitude. 

dS 
Ym-I + 
/ / 

tt i 
/' /' 

-, . 2 

Fig. 2.54 

3. A point charge Q is located on the axis of a disk of radius 
R at a distance b from the plane of the disk (Fig. 2.55). 
Show that if one-fourth of the electric flux from the charge 
passes through the disk, then R ."0= ./3 h. 

R , ,.~ 
. ' 'I ' 

b 

Q 

Fig. 2.55 

4. A very long uniformly charged wire oriented along the 
axis of a circular ring of radius R rests on its center with 
one of the ends (as shown in Fig. 2.56). The linear charge 

~ 

density on the wire is A. Evaluate the flux of the vector E 
across the circle area. 

Fig. 2.56 

S. Two point charges q and -q are separated by a distance 
2a (Fig. 2.57). Evaluate the flux of electric field strength 
vector across a circle of radius R. 

' q 
R 

- q 
0----- ------0 

Fig. 2.57 

6. An infinitely long line charge having a uniform charge per 
unit length A lies a distance d from point 0 as shown in 
Fig. 2.58. Determine the total electric flux through the sur
face of a sphere of radius R centered at 0 resulting from 
this line charge. Consider both cases where R < d and 
R > d. 

d 

Fig. 2.58 

" " 

7. Find the electric flux crossing the wire frflme ABeD of 
length t, width b and whose center is at a distance OP = d 
from an infinite line of charge with linear charge density 
A. Consider that the plane of frame is perpendicular to the 
line OP (Fig. 2.59). 

8. A solid insu lating sphere of radius R has a non-uniform 
charge density that varies with r according to the expres
sion p = Ar2, where A is a constant and r < R is mea
sured from the center of the sphere (a) show that the mag
nitude of t~e electric field outside (r > R) the sphere is 
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2.18 Physics for IlT-JEE: Electricity and Ma!lnetism 

o 
d . {J

A b B 

---. D - f 

C 

Fig. 2.59 

E = AR~ /5eor1. (b) Show that the magnitudeoftheelec
tric field inside (r < R) the sphere is E = AR3/5eO. 

9. The electric fie ld in a region is radially outward with mag
nitudc E = ar. Calculatc the charge contained in a sphere 
of radius R centered at the origin. Calculate the value of 
chargcifcz = 100 V/m2 and R = 0.30m. 

Fig. 2.60 

10. A system consists of a ball of radius R carrying a spheri
cally charge and a surrounding space filled with a charge 
of volume density p = !! where a is a constant and r is . . 
the distance from the centre of the ball. Find the charge on 
the ball for which the magnitude of electric field strength 
is electric field strength? The dielectric constant of ball 
and surroun.ding may be taken equal to unity. 

Objective Type 

1. Uni ts of electric flux are 

a. NC- ' m2 

c. VI 

Solutions on page 2.28 

b. JC- ' 

d. Vm 

2. Positive electric flux from a closed surface indicates that 
electric lines of force arc di rected 

a. outwards b. inwards 

c. outwards or inwards d. none o f these 

3. A surface encloses an electric dipole. The net flux through 
the surface is 

a. zero 

c. negative 

h. positive 

d. infinite 

4. In a region with a uniform electric field, the number of 
lines of force per unit area is E. If a spherical metallic 
conductor is placed in the area, the field inside the con
ductor wi ll be 

a. zcro b. E 

c. more than E d. less than E 

5. An insulated sphere of radius R has a uniform volume 
charge density p. The electric fie ld at a point P inside the 
sphere at a distance r from the centre is 

Rp rp 
8. - b. 

3to 3~o 

c. zero d. ~ e:) 
6. Which one of the following graphs shows the variation of 

electric field strength E with distance r from the center 
of a hollow conducting sphere? 

E E 

L ____ ... . L _ ___ ... . 

•• b . 

E E 

'-....1. __ ->. 

<. d. 

7. A cylinder of length L and radius b has its axis coinci
dent with the x-axis. The electric field in this region is 

E = 200 i. Find the flux through the left end of cylinder. 

a. 0 h. 200rrb2 

c. 100 rrb2 d. -200rrb1 

8. Consider two infini te parallel charged metal plates with 
equal nnd opposite charge densities +a and -a. Deter
mine the electric field in the region between the plates. 
a. alto h. 0 

c. al2to d. 2aleo 

9. Consider the Gaussian surface that surrounds pan of the 
charge distribution shown in Fig. 2.61. Then, the contri
bution to the electric field at point P arises from charges 
a. q. and q2 only h. q) and q4 only 

, 
q, 

, 
q, 

p 

, 
" 

o 

" 

d. none of the above 

Gaussian Surface 

Fig. 2.61 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



~ .. , 

10. Charge on an originally uncharged conductor is scp.1ralc<i 
by holding a positively charged rod very closely nearby, 
as in Fig. 2.62. Assume thallhe induced negative charge 
on the conductor is equal to the positive charge q on the 
rod. Then, flux through surface SI is 

Fig. 2.62 

a. zero h. q/eo 

c. - q / eo d. none of these 

11. A thin metallic spherical shell contains a charge Q on its 
surface. A point charge q] is placed at the centre of the 
shell and another charge q2 is placed outside the shell. All 
the three charges are positive. Then, the force on charge 
ql is 

12, 

+ 

a. towards right 

c. zero 

+Q 

• 
+q, 

+ 

Fig. 2.63 

+ • 
+" 

b. towards left 

d. none of these 

If onc pcnetralcs a uniformly charged spherical cloud, 
electric field strength 

a. decreases directly as the distance from the center 
b. increases directly as the d istancc from thc center 
c. remains constant 
d. nonc of the above 

13. An uncharged metal sphere is placed between two equal 
3nd oppositely Charged metal plates. The nature of lines 
of force will be 

. :~: b' :a : ~ - + -
+ - + -
+ - ~ -
+ - ~ -
+ - + -

' :~: d' :~: + - + -
+ - + -
+ - + -
+ - + -
+ - + -

Fig. 2.64 

Electric: Aux and Gaus,s,'s law 2.19 

14. A hollow Illclall iesphercofradius 10cm is given acharge 
of3 .2x 10-9 C. The electric intensity at a point 4 em from 
the center is 

a. 9x 10- 9 NC- 1 b. 288 NC- I 

c. 2.88 NC- I d. zero 

IS. The surface densi ty on a copper sphere is (1 . The e lectric 
field strength on the surface of the spherc is 

8. (1 b. (1/2 

a a 
c. - d.-

2eo eo 

16. A cylinder of radius R and length I is placed in a uniform 
electric field E parallel to thc axis of the cylinder. The 
10lal fl ux over the curved surface of the cylinder is 

8. zero b. 7r R""l £ 

17. A cube of side 10 em enc loses a charge of 0.1 lAC at its 
centre. Calculate the numberof lines of force through each 
face of the cube. 
3.l.ll 3x lO l l b. 1. 13x 104 

d. 1883 

18. Number of electric li nes of forcc from 0.5 C of positive 
charge in a dielcctric medium of constant 10 is 
a. 5.65 x 109 b. 1. 13x l Oll 

c. 9x 109 d. 8.85x 10- 12 

19. The electric flux from a cube of edge I is 41. What will be 
its value if edge of cube is made 21 and charge enclosed 
is halved? 

20. 

•. 4. b.2. 

d •• 

In a certain region of space, there exislS 3 uniform electric 
fie ld of 2x l<Yk Vm- 1. A rectangular coil of dimensions 
10 cm x 20 cm is placcd in x-y plane. The electric flux 
through the coil is 

3. zero 

c.40Vm 

b. 30Vm 

d. 50 Vm 

21. Which of the fo llowing may be discontinuous across a 
charged conducting surface? 

a. EI~tr ic potential 
b. Electric intensity 
c. Both e lectric potential and intensity 
d . None of the above 

22. Consider two concentri c spherical surfaces, SI with radius 
a and S2 with radius 2a. both centered on the origin. There 
is a charge +q at the origin, and no other charges. Compare 
the flux lPl through SI with the flux ¢2 through S2. 
u. 411 :: 4¢2 b. 411 = 2¢>2 ., 
c. lPl = 4Jz d. lPl = "2 

23. Under what conditions can the electric flux 41£ be fo und 
through a closed surface? 

a . If the magnitude of electric fi eld is known everywhere 
on the surface. 
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2.20 Physics for IlT-JEE: Electricity and Magnetism 

h. If the total charge inside the surface is specified. 

c. If the total charge outside the surface is specified. 

d. Only if the location of each point charge inside the 
surface is specified. 

24. Fig. 2.65 shows four charges ql, (/2, Cf3, q4 fixed in space. 
Then, the total flux of electric field through a closed sur
face S, due to all charges ql, q2, qJ and q4, is 

Fig, 2.65 

a. not equal to the total flux through S due to charges q3 
and q4 

b. equal to the total flux through S due to charges q3 and 
'I, 

c. zero ifq l +q2 = q3 + Cf4 

d. twice the total flux through S due to charges q3 and 
q4 ifql +q2 = q3 +q4 

25. If the flux of the electric field through a closed surface is 
zero, then 

a. the electric field must be zero everywhere on the sur
face. 

h. the total charge inside the surface must be zero 

c. the electric field must be uniform throughout the 
closed surface 

d. the charge outside the surface must be zero 

26. Eight charges, I IlC, -7 IlC, -4IlC, 10 IlC, 21lC, -5 IlC, 
-3 IlC and 6 IlC are situated at the eight corners of a 
cube of side 20 cm. A spherical surface of radius 80 cm 
encloses this cube. The center of the sphere coincides with 
the centre of the cube. Then, the total outgoing flux from 
the spherical surface (in units of V m) is 

a. 36rr x 103 h. 684rr x 103 

c. zero d. none of these 

27. Three charges of ql = I X 10- 6 C, q2 = 2x 10-6 C and 
q3 = -3 X 10-6 C have been placed as shown. Then, the 
net electric flux will be maximum for the surface 

s, 

Fig. 2.66 

d. same for all three 

28. 

29. 

A charge q is distributed uniformly on a ring of radius 
'a'. A sphere of equal radius 'a' is constructed with its 
center at the periphery of the ring. Calculate the flux of 
the electric ficld through the surface of the sphere. 

'I 2q 
a. b. 

380 380 

C. ~ d. ~ 
480 480 

In a region of space, the electric field is given by 
£ = 81 + 4J + 3k. The electric flux tprough a surface of 
area of 100 units in x-y plane is 

a. 800 units b. 300 units 

c. 400 units d. 1500 units 

30. A spherical shell of radius R = 1.5 cm has a charge 
q = 20 IlC uniformly distributed over it. What is the force 
exerted by one half over the other half? 

a. zero h. 10-2 N 

C. 500 N d. 2000 N 

31. A fiat, square surface with sides of length L is described 
by the equations 

x = L, ° ~ Y ~ L. 0 ~ z ~ L 

Find the electric flux through the square due to a positive 
point chargeq located at the origin (x = 0, y = 0, z = 0). 

'I 'I a. h. 
4'0 

c. 
q 

24'0 
d. 

6'0 
q 

4880 

32. The electric field £1 at one face of a parallelopiped is uni 
form over the entire face and is directed out of the face. 
At the opposite face, the ekctric field £2 is also uniform 
over the entire face and is directed into that face (as shown 
in Fig. 2.67). The two faces in question are inclined at 
30" from the horizontal, while £1 and £2 (both horizon
tal) have magnitudes of 2.50 x 104 N/C and 7.00 x 104 

N/C. Assuming that no other electric field lines cross the 
surfaces of the parallelopiped, determine the net charge 
contained within. 

a. -67.5 eo C b. 37.580 C 

c. 10580 C d. -1058oC 

Fig. 2.67 

33. A dielectric in the form of a sphere is introduced into a 
homogeneous electric fi e ld. A, Band Care 3 points as 
shown in Fig. 2.68. Then, 

a. intensity at A increases while that at Band C de
creases. 
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• E 

0 G) 0 
A c 

Fig. 2.68 

b. imensity at A and B decreases whereas at C intensity 
increases 

c. intensity at A and C increases and that at B decreases. 

d. intensity at A, Band C decreases. 
34. The electric fi eld on two sides of a large charged plate is 

shown in Fig. 2.69. The charge density on the plate in S.1. 
Units is given by (eo is the permittivity of free space in 
S. 1. Units) 

a. 2eo 
c. lOeo 

MuLtipLe Correct 

Answers Type 

Fig. 2.69 

b. 4Eo 
d. zero 

Sollllions on page 2.29 

1. ]0 C of charge is given to a conducting spherical shell 
and a - 3 C point charge is placed inside the shell. For 
thi s arrangement, markout the correct statcment{s). 

a. The charge on the inner surface of the shell will be 
+3 C llnd it can be dis tributed uniformly or non
uniformly. 

b. The charge on the inner surface of the shell will be 
+3 C and its dis tribution would be uniform. 

c. Thc net charge on ou ter surface of the shell wil l be +7 
C and its distribution can be uniform or non-uniform. 

d. The net charge on outer surface of the shell will be 
+7 C and its distribution would be uniform. 

2. Consider Gauss's la~ <j E . is = !L. 
eo 

• q, 

Fig. 2.70 

Then, for the situat ion shown above althe Gauss ian surface 

a. E due 10 l/2 would be zero. 
b. E due to both ql :lIld f/2 would be non-zero. 
c. ¢ due to bOlh ql and tl2 would be nOll-zero. 
d. ¢ due 10 l/2 would be zero. 

Electric Flux and Gauss's Law 2.21 

3. For Gauss's law, mark out the correct statement(s). 

a . Ifwe d isplaced the enclosed charges (within a Gaus

sian surface) without crossi ng (he boundary, then E 
and q, both remain same. 

b, If we displace the enclosed charges without crossing -Ine boundary, then E changes but q, remains the same. 

c. If charge crosses the boundary, then both E and q, 
would change. 

d. If charge crosses the boundary, then q, changes but E 
remains the same. 

Assertion-R~soning 

Type Solulions on pagt 2. 30 

In the fo llowing questions, each question contains Statement 
I (Assertion) and Statement II (Reason). Each question has 4 
choices (a). (b), (c) and (d) out of which ONLY ONE is correct. 

a . Statement I is Tme, Statement 11 is True; Statement II is a 
correct ex planation for Statement I. 

b. Statement I is True. Stateme nt II is True; Statement 11 is NOT 
a COITcct explanation for Stateme nt I. 

c. Stateme nt I is True, Statement II is False. 

d . Statement I is Fal se, Slatemcnt II is True. 

I. Statement I: E in o utside vicinity of a conductor depends 
on ly on the local charge density a and it is independent 
of the other churges present anywhere on the conductor. 

Statement II: E in outside vici nityofa conductor is g iven 

" by - , 
80 

2. Statement I: Upon di splacement of charges within a 

closed surface. E at any point on the surface does not 
change. 
Statement II: The flux. crossing through a closed surface 
is independent of lhe location of charge within the surface. 

3. S ta tement I : If Gaussian surface docs not enclose any 

charge, then if at any point on the Gaussian surface must 
be zero. 
S ta tement II : No net charge is enclosed by Gaussian sur· 
facc. so net nuX. passing through the surface is zero. 

4. Sta tement I: For thc situation shown in Fig. 2.7 1, if we 
d isplllcc the charge q within the conducting shell , then 
nature of distribut ion of c harge on Iheouter surface of the 
shell does not chunge. 
Statement II: Any conducti ng shell divides the entire 
space into two regions (inside and outside the shell), which 
arc independent 10 each other in terms of electric field. 

S. Statement I: Electric fie ld on the surface of a conductor 
is more m the sharp corners. 
Statement II: Surface charge density on conductor's sur· 
face is invcrsely proportional to the rad ius of curvature. 
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2.22 Physics for IIT-JEE: Electricity and Magnetism 

.Q 

f.\ 
.~ 

Neutral conductor 

Comprehension 
Type 

For Problems 1-4 

Fig. 2.71 

Sollliions on page 2.30 

The cube as shown in Fig. 2.72 has sides of length 
L = 10.0 cm. The electric field is uniform, hils a milgnitude 
E = 4.00 X 103 NC- l , ilnd is pamllel to the xy-plane ilt an an
gle of 370 measured from the +x-ilxis toward the +Y-ilxis. 

S, 
(Left side) L 

S. 
(Back) 

S, 
(Right side) 

j;~~t=~'~"t;~L~----Y 
L 

S, 
(Front) 

Fig. 2.72 

S, 
(Bottom) 

1. Which of the surfaces have zero flux? 

a. SI and S3 b. S5 and S6 

C. S2 and S4 

2. Electric flux passing through the surface SI is 
a. -24 N_m2C- l h. 24 N_m2C- l 

d. -32 N_m2C-1 

3. Electric flux passing through the surface S6 is 
a. -24 N_m2C- 1 h. -24 N_m2C- 1 

d. -32 N_m2C- 1 

4. What is the total net electric flux through all faces of the 
cube? 

a. 8 N_m2C- l 

c. 24 N_m2C- 1 

For Problems 5-8 

b. -8 N_m2C- 1 

d. zero 

A cube has sides of length L = 0.300 m. It is placed with 
one comer at the origin as shown in the figure of previous 
problem. The electric field is not uniform, but is given by 
E = (-5.00 NC- I )xi + (3.00 NC- I )zk. 

5. Which of the surfaces have zero flux? 

a. S2, S4 and S5 b. SI. S3, S4 and S6 

6. The flux passing through the surface S5 wi!! be 
a. -0.135 N_m2C- 1 b. -0.054 N_m2C- 1 

c. 0.081 N_m2C- 1 

7. Total flux passing through the cube is 
a. -0.135 N·m2C- 1 h. -0.054 N_m2C- 1 

c. 0.081 N_m2C- 1 d. zero 

8. The total electric charge inside the cube is 

a. -0.054 EO C b. 0.081 So C 

c. O. 135 so C 

For Problems 9-10 

d. 0.054so C 

A cube has sides of length L. It is placed with one comer at the 
origin as shown in the figure of previous problem. The electric 
field is uniform and given by E = -8i + e] - Dk, where B, 
e and D are positive constants. 

9. The flux passing through different surfaces (match the 
table) is 

Surface Flux 
(i) SI (m) BL-

(ii) S2 (0) 8L-

(iii) S3 (0) C L' 

(iv) S4 (p) CL 

(v) S5 (4) [)L ' 

(vi) S6 (,) [)L 

a. 0, p), (ii, r), (iii, 0), (iv, q), (v, n), (vi, m) 
b. (i, r), (ii, p), (iii, q), (iv, n), (v. m), (vi, 0) 
c. (i, m), (ii, n), (iii, 0) , (iv, p). (v, q), (vi, r) 
d. (i, r), (ij, q), (iii, p), (iv, 0), (v, n), (vi, m) 

10. Total flux passing through the cube is 

a. (B+C+D)L 2 h.2 (B+C+D)L2 

c.6(B+C+D)L2 

For Problems 11-12 

d. zero 

A cube of side a is placed such that the nearest face which is 
parallel to the y-z plane is at a distance 'a ' from the origin. The 
electric field components are E t = ax l

/
2

, Ey = E" = O. 

Fig. 2.73 

11. Calculate the flux 1£ through the cube. 
a • ../2aa5/ 2 b. _aa5/ 2 

c. (..Ji - I) aa5/ 2 d. zero 

12. Calculate the charge within the cube. 
a. ../2a fiO(/"V2 b. -a SO(/5/2 

c. (../2 - I) a 60(/5/2 d. zero 

For Problems 13-18 
A small conducting spherical shell with inner radius a and outer 
radius b is concentric with a larger conducting spherical shell 
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d 

Fig. 2.74 

with inner radius c and outer radius d (as shown in Fig. 2.74), The 
inner shell has total charge +2q and the outer shell has charge 
+4q. Calculate the electric field in terms of q and the distance r 
from the common centre of the two shells for: 

13. , < a 

•• zero 

6q 
c. ---

4rrso ,2 

14. a < r < b 

•• zero 

6q 
c. - --

4rrso ,2 

IS. b<r<c 

•• zero 

c. 
6q 

41l So -;:2 
16. c<r<d 

•• rero 

6q 
c. ---

411' 80 r' 
17. r>d 

•• zero 

c. 
6q 

4Jrso 72 

_ _ 2q 
b. 

4Jrto ,2 

I q 
d. ---

4JtEo ,2 

2q 
b. 4rrso 7f 

I q 
d. -- -

411" eo ,2 

2q 
b. ---

4:rreo ,2 

I q 
d.- -

411"80 ,2 

_ 2q 
b • 

4rrso ,2 

I q 
d. ---

41l' Eo ,2 

2q 
b. 4rrso 7f 

I q 
d. ---

4JTco ,2 

18. The graph of the radial com{X)nent of E as a function of 
r will be 

•• 

c. 

E 

N' 
-------~ 

, ' , , ' , , ' , , ' , 
0 b 

E 
c d 

, , , , , , , , , 

, 

"';';'f'\; 
-I-:-t-"-o'---'>, 

abc d 

b . 

d. 

E 

-"n'~ , , ' , , ' , , ' , , 
0 b c d 

E 

'--H'~, , , , , , , , , , 
-+~~"-'7--=~' abc d 

Electric FLux and Gauss's law 2.23 

For Problems 19-22 
According to problems 13- 18, what is the total charge on the 

19. inner surface of the small shell? 

a. zero b. 2q c. - 2q d.6q 

20. outer surface of the small shell? 

a. zero h.2q c. -2q d. 6q 

21. inner surface of the large shell? 

a. zero b.2q c. - 2q d. 6q 

22. outer surface of the large shell? 

a. zero b.2q c. -2q d.6q 

For Problems 23-28 
Consider the previous problem, but now let the outer shell have 
charge -4q. As in the above problem, the inner shell has charge 
+2q. Calculate the electric field in terms of q and the distance r 
from the common centre of the two shells for: 

23. , < a 

a. zero 

I 2q 
c. --- -

4](80 r2 

24. a < r < b 

•• zero 

I 2q 
c. --- -

4](80 r2 

25. b<r<c 

•• zero 

I 2q 
c. ----

4](&0 r2 

2q 
b. 4]( 80 -;:r 

6q 
d. 4](80 -;:r 

2q 
b.--

4](80 rl 

I 6q 
d.--

4](&0 r2 

2q 
b. ---

4](80 r2 

6q 
d. 4]( EO -;:r 

26. The graph of the radial component of E as a function of 
r will be 

E E 

+ ~ 
+ :---.., , , , , , , , , 

d 
, , d ,. , 

" b c y- o b c y-
.. b • 

E E 

+ ~ 
+ :---.., 

d d ,. , 
" b ,. 

LJ " 
b , 

V 
c. d. 
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2.24 Physics for IIT-J EE: Electrici ty and Mag netism 

27. c < r < d 

a. zero 

2'1 
c. - 4;rr 60 -;:2 

28. r>d 

a. zero 

2'1 
c. - 4;rr co -;:2 

For Problems 29- 32 

2q 
b. 4;rr 60 -;:2 

1 6'1 
d . 4;rr 60 -;:2 

2'1 
b. 4;rr 60 -;:2 

1 6'1 
d. 4;rr co -;:2 

According to problems 23-28, what is the total charge on the 

29. inner surface or the small shell ? 

a. zero b. 2'1 c. - 2'1 d. 6'1 

30. outer surface of the small shell? 

a. zero b. 2q c. - 2q d. 6q 

31. inner surface of the large shell? 

a. zero b. 2q c. -2'1 d. 6'1 

32. outer surface of the large shell ? 

a. zero b. 2q c. -2'1 d. 6q 

For Problems 33-38 
Consider above problem, but now Jet the outer shell have charge 
-2q . As in the above problem, the inner shell has charge +2q . 
Calculate the electric fi eld in terms of q and the distance r from 
the common centre of the two shells for: 

33. r<a 

a. zero 

2'1 
c. - 4;rr co -;:2 

34. a<r<b 

a. zero 

2'1 c. - -- -
4Jl' eo 1'2 

35. b<l'<c 

a. zero 

2'1 
c. - 4Jl' t o 7f 

36. c < r<d 

a. zero 

2'1 
c. - 4;rr6n 7f 

37. r > d 

a. zero 

2'1 
c. - 4Jl'co -;::z 

2'1 
b. 4;rr co -;:2 

I 6'1 
d. 4;rr eo -;:2 

2'1 
b. 4;rreo 72 

I 6'1 
d. 4Jl' eo -;:2 

2'1 
h. 4;rr co -;:2 

I 6q 
d. 4Jl' eo 7f 

2'1 
b. 4Jl' eo 7f 

I 6'1 
d. 4;rr60 7f 

2'1 
b. 4Jl' co 7f 

I 6'1 
d . 4Jl' t o 7f 

38. The graph of the radial component of E as a function 
of I' will be 

E E 

, , , , , , 
"-

, , , , , 
~ ~ , , , , , , 

" " b " d " b , d 

•• b. 
E E 

. , 

~ 
, , 
, : , , , , , , , 

" 

"-, , , , , , , , 

" b , d " b , d 

,. d. 

Fo r Problems 39-42 

In the previous problem, what is the total charge on the 

39. inner surface of the small shell? 

a. zero b. 2q c. - 2q d.4q 

40. outer surface of the sma\! shell? 

a. zero b. 2q c. - 2'1 d. 4q 

41 . inner surface of the large shell ? 

a. zero b. 2q c. -2'1 d. 4q 

42. outer surface of the large she!!? 

a. zero b. 2q c. - 2'1 d. 4q 

For Problems 43-45 
Two spherical cavities of rad ii a and h are hollowed out from 
the interior of a neutral conducting sphere of radius R. At the 
center of each cavity, a point charge is placed. Call these charges 

'1" and 'lb· 

,,0 R 

\" , 

Fig. 2.75 

43. Match the table 

44. 

(i ) 0-" 
( ) q"~ q,, 
m:A:cR' 

(ii) al! 'I" (n)~ 

(ii i) a R 
'II> 

(0) 4rrh' 

a. (i, 0 ), ( ii , n), (iii , m) 

c. (i , m), (i i, 0), (i i i , n) 

b. (i, n ), ( ii , 0), (iii, fil) 

d. (i , n), (ii ; m), (ii i, 0) 

What is the fie ld at a distance r outside the conductor? 
I 'II> 

a -- - b. zero 
" 47t£o r2 
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q(l +qb q(l 
e. ----- d. --, 

4JT 80 r2 4JT 80 r 

45. The electric field inside the cavity of radius a at a distance 
r from the centre of cavity is 

Fig. 2.76 
q, 

b.---
4JTeo r2 

d. zero 

Matching 
Column Type Solutions 011 page 2.32 

1. Column I specifies a point at distance r from the cen
ter/axis of a symmetrical distribution of charge. Column
II gives the variation of electric intensity at P as a function 
of r. Match the columns. 

Column I , Column II 

I 
i. P lies outside a cylinder having uni- a. E ex '2 

form volume charge density. 
, 

ii. P lies inside a spherical charged b.Eex-
conductor. 

, 
iii. P lies inside a spherical body hav- c.Eexr 

ing uniform volume charge density. 

iv. P lies inside a solid cylinder having d.E ex rO 

uniform volume charge density. 
v. P lies inside a plane infinite sheet 

of some thickness. The sheet is 
charged uniformly throughout its 
volume. 

vi. P lies. outside the plane sheet men-
tioned in part(v). 

Electric Flux and Gauss's Law 2.25 

2. Three identical metal plates with large surface areas are 
kept parallel to each other as shown in Fig. 2.82. The left 
most is given a charge Q, the right most a charge - 2Q 
and the middle one remains neutraL Then: 

Fig. 2.77 

Column I . Column II 

i. The charge appearing on outer sur-
Q 

3'+T 
face of right most plate 

ii. The charge appearing on outer sur-
Q 

b'-T face of left most plate 

iii. The charge appearing on left sur-
3Q 

c'-T 
face of migdle plate 

i~. The charge appearing on right sur- d 3Q 

face of middle plate 
. 2 

3. Electric field due to 

Column I Column II 

i. Infinite plane sheet of charge ..0 

" ii. Infinite plane sheet of uniform b' 2 thickness '0 

iii. Non-conducting. charged solid 
Rp 

e. -
sphere at its surfac. 3'0 

a 
iv. Non-conducting charged solid d.-

sphere at its center '0 

where symbols have their usual meaning. 

ANSWERS AND SOLUTIONS 
Subjective Type 

1. a. If we construct these both cubes as shown in Fig. 2.78 
(by dotted line), 

qin Ai 
net flux through all the four cubes - = -

80 eo 
Al 

So, flux through anyone cube = -
4'0 

h. Field lines will be parallel to the surfaces in contact 
with the wire. Hence, flux through these surfaces will be 
zero. There are four such surfaces. 

c. There are two surfaces which are not in contact with the wire. 
Al 

So, the flux - will be divided among these two surfaces. So, 
4'0 

Al 
flux through each surface = -8 . 

'0 
,----------. , ' , , ' , 
: t::J: ' Wiy 

Top view 

Fig. 2.78 
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2.26 Physics for IIT-JEE: Electricity and Magnetism 

2. According to Gauss' theorem, electric flux: 

¢E == i.. == J E· dS 
eo 

The surface integral in the above equations contains six 
tenns-the surface integral over the bottom surface, the 
surface integral over the top surface and surface integral 
over the four vertical faces. 
For the bottom surface, both the vectors E and d S are in 
the same direction. Forthc top surface, they act in opposite 
directions while for the vertical faces, they are perpendic
ular to each other. 
Hence, 

¢E=! EI~S+!E2dS+4! EdS 

Bonom Top Faces 

= ! EldScosO° + ! E2dScos 1800 

Bottom Top 

+ 4 ! EdScos90° 

= ! EldS-! E2dS=EIS-E2S=(EI-E2)S 

Bottom Top 

Also, ¢E = i.. 
eo 

q=Eo(E I -E2)S 

= (8.85 x 1O-12C2N-lm-2) 

x(100Vm- 1 - 60 Vm-I)(lOO m1) 

:::: 3.54 X 10-6 C 

3. Solid angle subtended by disk at Q 

W = 2Jr (1 - cosa) 

d
. QW 

Flux through Isk = -
E04Jr 

It is given to be JL 
4eo 

Q QW 
So, 

4Eo E04Jr 
Solve to get R = .J3h 

C iU-S; 
" , " , ' , , ' , 

\' b: " , , ' , , ' " ~,' 
'.' I 
,~, 

Q 

Fig. 2.79 

4. The component of electric field Ey will not contribute to 
~ . 

flux as angle between and A is 90°. Hence, flux due to Ey: 
d¢ = Ex2Jrydy 

¢~Jd¢ = rR 

).. 2Jrydy 10 4JrE y 

¢= ~ rR 
dy = )"R 

2so Jo 2so 
y 

E, 

I "",,-E, ., 
. ----- ---,-----tt-j -------·x 

Fig. 2.80 

S. d¢ = 2Ecos82Jrydy 

~2 _1_ q a 2Jrydy' 
4JrEo (a2 + yl) (a2 + y2)1/2 

¢ ~ d¢ ~ qa y y J . 1R d 
EO 0 (a 2 + y2)~/2 

¢_'!.. [1- 1 ] 
- '0 /1 + (Rial' 

6. For R < d, flux will be zero. It is because there is no 
charge line inside the sphere (Fig. 2.81). 
For R > d, length inside sphere = 2(.,f"R"'-d"2) (Fig. 
2.82) 

So, charge inside = 2).. .J Rl d 2 

2)".J R2 d1 
So, ¢ ~ - --;::--

eo 

R 
R 

d 

d 

Fig. 2.81 Fig. 2.82 

7. The flux passing through the strip of area dA 

d¢=EdAcose 

A d 
d ¢ ~ (I dx) ""~"" 2Jrso.Jd2 + x 2 .Jd2 + x 2 

d¢ = )..dl dx 
2JrEo (d1 +x2) 

, 

'I' 
¢~ d¢~- --J Adl J dx 

2Jrso d2 +x2 
-b{2 

)..dl 1 [ . , xl'l' ¢~ --- tan -
2rr EO d d -b12 
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\ 

I 
I 

• ~ 2M x 2 tan-I (~) 
1!co 2d 

or ¢ = ~ tan- 1 (~) 
]fEO 2d 

------'--~ . 
I 

'------:S,,~~," V1 

I 
I 
I 
I 
I 
I 
I 
I ,..-----r---
:<::: 

Fig. 2.83 

, , , , , , , , , , , , , , 

Fig. 2.84 

E 

The number of lines passing through a surface is proportional to 
the flux passing through the surface. The number of lines passing 
through the plane surface ABeD is equal to the number of lines 
passing through the curved surface. 
Amount of flux passing through the plane surface is equal to the 
line flux passing through the curved surface. 

. • b 
From Fig. 2.86, tan 2" = 2d 

() =2tan- 1 (:d) 

(Ai) 2]( angle corresponds to flux 80 . 

Hence, e angle corresponds to the flux, 

Fig. 2.85 Fig. 2.86 

Electric Flux and Gauss's Law 2.27 

8. f E dA :::: E(4m,2) = % 
'0 

l R ARs 
(a) Forr > R,qin = Ar2(4:rrr2)dr =4rr --

a 5 
AR' 

and E = --, 
5eor 

l
r 411' AR5 • 

(b) For r < R, % = Ar2(4Jrr2)dr = --- and 
aS· 

AR' 
E~~ 

5'0 
9. Consider a spherical shell of radius x. The electric flux 

through this surface. 

¢ = ! E ·dS= EA1l'r2 
, 

Therefore, electric flux through spherical surface of radius 
R will be 

¢ = ER4n R2 

Whenr=R,ER = aR 
¢ = aR4nR2 

By Gauss theorem, net electric flux 

1 
= - x charge enclosed 

'0 

2 1 
aR4nR = -Qcnc1mcd 

'0 

. . Qcnclo,cd = (4]( so) . a R3 
Given R = 0.30 m, a = 100 V 1m2 

Q I 9 X 100 X (0.30)3 = 3 X 10- 10 
enclo,ed = 9 x 10 

coulomb. 
10. Consider a spherical surface of radius r( < R) having cen

tre at the centre of ball. If E is the magnitude of e lectric 
field strength at the surface, then electric flux through this 
surface = J E· dS = J EdS cos 00 

, , 

Fig. 2.87 

= E'! dS = E4m,2 
, 

f - - 1 
By Gauss theorem, E.dS = - (QclIClu,cd) 

<0 , 
If q is charge on ball, then , , 

Qenclosed = q + ! pdv = q + ! ~. 4](x
2
dx 

R R 
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2.28 Physics for IIT-JEE: Electricity and Magnetism 

. '. From (i) 

1 
E4m·2 = _ [q + 21l'a(r2 _ R2)] e, 
=> E =::t:::::I, 1 [q + 21l'a(r2 - R2)] 

"tor 

a 1 (q a R') 
or E = 2s0 + So 4nr2 - '2-;:2 
This will independent of r if second term on R.H.S. is zero 

. q OR2 
1.e., --, - --~ = 0 

4nr~ 2r~ 

(ii) 

=> q = 2noR2 (iii) 

Then electric field strength E will be E = ,f!-
« 0 

Objective Type 

1. a.tjJ=E=NC- 1 m2 

2. a. Outgoing flux is taken as +ve. 

Positive flux 

Fig. 2,88 

3. a. Because net charge enclosed by {he surface is zero . 

4. a. Inside a conductor, electric field is zero. Because ap~ 

plied fie ld is cancelled by ficld produced due to induced 
charges. 

5'. b. E = kQr = _ 1_C4/3)nRJ pr pr 
R3 4neo R3 3eo 

6. d. Inside a hollow conductor, electric field is zero. At 
surface, it is maximum and then decreases. 

7. d.¢=EAcosB 

= 2En b2 cos 1800 = - 200n b2 

• A 

c 
8. a.E=

eo 

() 
Fig. 2.89 

+a -(J 

---+ 
E 

Fig. 2.90 

() 

9. c. Electric field at any point on Gaussian surface is due to 
all charges present inside or outside the surface . 

10. b. Net charge on the conductor will be zero. So, net charge 
inside S t will be the charge on the rod. Hence, flux through 
SI is qleo. 

11. c. Electric field is zero inside the shell due to the changes 
outside it. 

12. a. Inside a unifonnly charged solid sphere: E ex r 
13. b. There is no electric field inside a conductor. 

14. d. At any point inside the conductor, net electric field is 
zero. 

15. d. Electric field at any point near the surface of an arbitrary 
conductor is E = also, where C1 is the surface change 
density at that point. 

E 

Fig. 2.91 

16. a. At any point on the curved surface, E and area vector 
are perpendicular to each other. 

17. d . .!!...... = 0.1 X 10-
6 

6eo 6 x 8.85 x 10 12 

18 
JL _ 0.5 . a. _ 
Keo 10 x 8.85 x 10 12 

19. c. ¢ = !!.. -)0 Independent of dimensions 
eo 

20. c. E = 2000 k, A = 10 x 20 X 10- 4 k 

- -¢ = E·A =40 Vm 

21. b. Electric intensity may be zero on one side and non-zero 
on the other side. 

22. c. Flux through both will be same as net charge enclosed 
by both is same. 

23. h. We should know the total charge inside. There is no 
contribution in the flux due to outside charges. 

24. b. Net flux is due to charges inside only. 

25.b.¢=qin ::::} O=qin ::::} qin=O 
So So 

26. c.I-7-4+ 10+2-5-3+6=0 
Sum of all the charges is zero, so net flux is zero. 

27. a. Charge inside St = ql + q2 = 3 X 10-6 C 
Charge inside S2 = q2 + q3 = - 1 x 10-6 C 
Charge inside SI is greatest. So, flux through St is maxi-
mum. 

28. a. 

Sphere 

Fig. 2.92 
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We see that one-third part of the ring will be inside the 
sphere. So, flux through the sphere 

¢ =~('i) 
3 eo 

..... A A A-+ A 

29. b. E = 8i +4j +3k, A = 100 k 

~ ~ 

<P = E· A = 300 units 

30. d. 

E=~ 
2eo . 

F E 
adAa 

= dr=--
2eo 

F a 2 
p~ -~ -

dA 280 
a 2 

Force = PrrR2 = -rr R2 
2eo 

E 

d, 

Fig. 2.93 

Q2 IT R2 Q2 

= J6Jl"lR2 280 = 32JTeoR2 

(20 x 1O-6P x 9 X 109 , 

8(1.5 x 10 2)2 . =2000N 

31. c. y 

. Fig. 2.94 
Imagine a charge q at the center of a cube of edge length 
2L (Fig. 2.94), Then: 

¢ ~ 'i. 
eo 

Here, the square is one 24th of the surface area of the 
imaginary cube, so it intercepts 1/24 of the flux. That is, 

<P ~ ...'L 
24eo 

32. a. To find the charge enclosed, we need the flux through 
the parallelepiped: 
¢II = AEI cos 60° 

= (0.0500 m)(O.0600 m)(2.50 x 104 NC- l 
COS 60° 

= 37.5 Nm2C- 1 

¢:>2 = A £2 COS J 20° 

= (0.0500 m)(O.0600 m)(7.00 x 104 NC-! COS 60° 

= ~ i05 Nm2C-1 

Electric Flux and Gauss's Law 2.29 

So, the total flux is 
¢ = ¢I + ¢2 = (37.5 - 105) Nm2C-1 = -67.5 Nm2C- 1 

q = ¢lso = l- 67.5 Nm2jCEo = -5.97 x 10- 10 C. 

There must be a net charge (negative) in the parallelopiped since 
there is a net flux flowing into the surface. Also, there must be' 
an external field or all lines would point toward the slab. 

33. c. The dielectric gets polarized as shown. 
'---... E 

- + + + 
+ 

+ 
+ 

0 0 + 
A B + 

+ 
+ 

+ + 

Fig. 2.95 

0 
C 

So, intensity at points A and C will ificrease and at B 
intensity will decrease. 

34. b. From the figure it is clear that the plate is placed in an 
external electric field. Let the electric field due to plate is 
E and Eo be the external electric field. 

" Eo + E = 12 Vm- I 

Eo - E = 8 Vm- I 

Solving equations, E = 2 Vm- I and Eo = 10 Vm- I 

Now, electric field due to plate = ~ = 2 
2eo 

,',(1=4so 

Multiple Correct 
,Answers Type 

1. a., d. Due to induction, charge on various faces are as 
shown below in Fig. 2.96. 

+3C IOC-3C 

• 
- 3C 

Fig. 2.96 

Charge on the inner surface of shell = +3 C 
Net charge on outer surface of shell = - 3 C + 10 C = +7 C 
Distribution of charge on inrer surface would be uniform 
if charge is placed at the centre, otherwise non-uniform. 
On outer surface, charge would be always uniformly dis
tributed as displacement of inside charges does not affect 
the distribution of the outer charge. 

2. b., d. In L.H.S, of Gauss's law, E is due to all point 
charges presellt in space and ¢ depends only on the en
closed charges. 

3. b., c. ¢ crossing through Gaussian surface does not de

JXiiid on the location of charge, while E depends on it. 
'If q crosses the boundary. then q.nclos~d changes and hence 

~ 

the flux and E also change. 
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2.30 Physics for llT-JEE: Electricity and Magnetism 

~ 

1. d. E in outside vicinity of conductor's surface depends 
on an the charges present in the space, but expression 
- a E= -, 

eo 
2. d. Due to displacement of charges within closed surface E 

at any point may change. But net ·f1ux crossing the surface 
will not change. 

3. d. E at any point on Gaussian surface may be due to 
outside charges also. 

4. a. ~tatement II is true and according to that distribution of 
charge on outer surface is not affected by location inside 
of charges. 

1 . 
5. a. From (j <X - and electriC field at the conductor's sur

. R 
a . 

face, E = -. We can say that Statement liS correct and 
eo 

. Statement'll is correct explanation for it. 

IC§mprehenSion 

I
,Wpe , .\) 

For Problems 1-4 

1. c., 2. a., 3. d., 4. d. 
Sol. ¢ = E· A = EA cose, where, A = Afi 

fi sl = -j(left), !l>Sl = -(4 X 103 NC- I(O.I mlcos(90° - 37°) 

= -24 Nm2C- 1 

fis2 = +k (top), 

¢S2 = -(4 X 103 NC-I )(O.I ml cos 90° = 0 

fis) = +j (right), 

¢Sl = +(4 x 103 NC-I}(O.I m)l cos (90° - 37°) 

= +24 Nm2C- 1 

flS4 = - k (bottom), 

¢S4 = (4 X 103 NC-I )(O. I m)l cos 90° = 0 

nS5 = +1 (front), 

¢S5 =+(4 x 103 NC- I)(O.I m)2 cos 37° = ~2 Nm2C- 1 

fiS6 = -I (back), 

¢S6 = -(4 X 103 NC- I)(O.I m)l cos3T = -32 Nm1C- 1 

The total flux through the cubC must be zero; any flux 
entering the cube must also leave it. 

For Problems 5-8 

5. b., 6. a., 7. b., 8. a. 

. Sol. Given, ¢l = E . fis2 

A = (3.00 NC- l m)(0.300 mlz, edge length L = 0.300 m 

and fi'fl = - j:::} !l>1 = It· fi sl A = O. 

fis2 = +k 
E = (-5.00 NC-Im)xl + (3.00 NC- Im)zk, 

:::} 12(0.27 NC- l m)(0.300 m) 
= 0.081 NC- I m2. 

fis) = +j :::} !l>J = E· fis)A = O. 

fis4 = -k 
:::} $4 = E· fiS4A = -(0.27 NC-Im)z = 0 (z =.0). 

fiss = +i 
:::} $5 = It· oSsA = (-5.00 NC- l m)(0.300 m)lx 

= -(0.45 NC-Im)x 
= -(0.45 NC- l m)(0.300 m) = -(0.135 NC- Iml. 

fiS6 = -I 
$6 = It· fis6A = +(0.45 (NC- I m)x = 0 (x = 0). 

Total flux, 

¢ = ¢>2 + ¢>s = (0.081 - 0.135) NC- lm2 

= - 0.054 Nm2C-
1 

.'. q = eo¢> = -4.78 x 10- 13 C 

For Problems 9-10 

9. a., 10. d. 
Sol. Given that It = -8i + cj - Dk, ¢> = E· A, 

Edge length L, and 

fi sl = -j 
fis2 = +k 
fis3 = +3 
fiS4 = - k 
fis5 = +1 
fiS6 = - 1 

Total flux = L~= ' ¢; = 0 

For Problems 11-12 

11. c., 12. c . 
Sol. II = -EI a2 = _ aa l/2al 

II = _aaS/2 

and h = E2a2 = a (2a) 1/2a l 

¢2 = -.l2cxaS/2 

¢nci = (-.12 - l)cxaSl1 

Fig. 2.97 

Using Gauss theorem (Fig. 2.97), 

rp = qin 

eo 

•• 

:::} q;n=¢eo =(-.I2_I)eocxa5Il 
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For Problems 13--18 

13. a., 14. a., 15. b., 16. a., 17. c., 18. a. 
Sol. (i) r < a. E = 0, since Q = 0. (Fig. 2.98) 

Oi) a < r < b. E =0, since Q =0. 

(iii) b < r < c. Since Q = +2q, E = _1_2;, 
47TSo r 

(iv) c < r < d. E = 0, since Q = 0. 

E 

abc d 

Fig. 2.98 

I 6q 
(v) r > d. -- 2' since Q = +6q. 

47TSo r 

For Problems 19-22 

19. a., 20. b., 21. c., 22. d. 
Sol.( i) Small shell inner surface: Q = ° 

(ii) Small shell outer surface: Q = +2q 
(iii) Large shell inner surface: Q = -2q 
(iv) Large shell outer surface: Q = + 6q 

For Problems 23-26 

23. a., 24. b., 25. c., 26. c. 
Sol. 

i. Small shell inner surface: Q = ° 
ii. Small shell outer surface: Q = +2q 

iii. Large shell inner surface: Q = - 2q 
iv. Large shell outer surface: Q = -2q 

For Problems 27-32 

27. a., 28. a., 29. b., 30. a., 31. c., 32. b. 
Sol. (i) r < a. E = 0, since charge enclosed is zero. 

(ii) a ::: r < h. E = 0, since charge enclosed is zero. 

(''') bEl 2q, hid' 111 < r < c . . = - "2' smce c arge enc ose IS 
47TSo r 

+2q. ' 

(iv) c < r < d. E = 0, since charge enclosed is zero 
Fig. 2.99. 

E 

d 

b , 
" 

Fig. 2.99 

Electric Flux and Gauss's Law 2.31 

I 2q 
(v) r > d. E = --- 2' since charge enclosed is -2q.. 

47T eo r ~' 

For Problems 33-38 

33. a., 34. a., 35. b., 36. a., 37. a., 38. c. 
Sol. 

i. r < a. E =0, ~incethechargeenclosed iszero(Fig. 2.100). 
ii. a < r < b. E = 0, since the charge enclosed is zero. 

"'6 E 12q. h hid' Ill. < r < c. = - - 2' smce t e c arge enc ose IS 
47T So r 

2q, 

iv. c < r < d. E = 0, since the net charge enclosed is zero. 
v. r > d. E = 0, since the net charge enclosed is zero. 

E 

abc d 

Fig. 2.100 

For Problems 39-42 
39. a. 40. b., 41. c., 42. a. 
Sol. 

i. Smal! shell inner surface: Q = ° 
ii. Smal! shell outer surface: Q = + 2q 

iii. Large shell inncr surface: Q = -2q 
iv. Large shel! outer surface: Q = ° 

For Problems 43-45 
43. b. 44. c. 45, a. 

-q" 
Sol. i. aA = --,. 

4~a 

-q, 
UB = 47Tb2 

q" +qb 
UR= 47TR2 

• • • ++qa+qb 

• 
• 

• 
• 
• 

• 

.-. 
/ i qa

" r" 0 -( ) 
\q" . / 
~~-~ 

• • • • 
1'1 

Fig. 2.101 

• 

• 

.. E - _I_q" +qb (F' 2104) 
I I. - 47TS r2 Ig •. 

'" E I q, 
111. ,,= - - ,. 

47TS r 

• 
• 
• 

, 

iv. Electric field at the centers of cavities due to other 
changes is z_ero, hence no force will be experienced. 
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2.32 Physics for UT-JEE: Electricity and Magnetism 

, , , , , , , 
'" 

~-- - --

'" 

(b) 

Fig. 2.102 

~;-\_~-"',--;,o Gaussian 
Surfaces 

(,) 

Fig. 2.103 

v. Electric field outside the bigger sphere will change. 

" f1atc~~Hg 
i (q~ul))n Type 

1. ' .• -+ b., ii. -+ d., iii. -+ c. 
iv. -+ C. iv, -+ c. ' iv. -+ d. 

, ). 
1.£ =--, 

2lTEOr 

ii. I'1side electric field, E = O. 

.. , E P' 
\11. =-, 

3'0 
, A' 
IV. R = 2 

27rsoR 

v. Inside a plane sheet, E 0:: r. 

vi. E is independent of r outside the plane sheet. 

• 

2. i. --+ b., ii. -+ b., iii. -+ c., iv. -+ d. 
Sol. Distribution of charge on different surfaces of the plates 

have been shown. 

-q +q 

Q-q q - q q-2Q 

• 
p 

Fig. 2.104 

Take a point P on left most plate. The electric field at P 

E = Q - q - -q- + -q-
2A EO 2A SO 2A so 

_ _ q_+_q _ _ (q - 2Q) =0 
2A EO 2A EO 2A EO 

(inside a conductor, E = 0) 

So, Q - q - q + 2Q = 0 

0' 2q = 3Q => 
3Q 

q =-
2 

The charge appearing on outer surface of right most plate 

=q_2Q,=3Q_2Q=_ Q 
2 2 

The charge on outer surface of left most plate 

= Q _ q = Q _ 3~ = _ ~ 

Charge appearing on middle plate is - q and +q 

, 3Q 3Q 
l.e.,- T and + 2' 

3. i. -+ b., ii. -+ d., iii. -+ c., iv, -+ a. 

Sol. i. Infinite plane sheet of charge = 
,,-

2'0 
a 

ii. Infinite plane sheet of unifonn thickness = 
'0 

iii. Non-conducting charged solid sphere at its surface 

Rp 
=-

3'0 

iv. Non-conducting charged solid sphere 'at its centre = O. 
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Electric Potential 
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>- Electric Pote, ntial and Energy "; .,::i; };>. ' Elec'ir'ic Potential of Some Continuol)s ' ! I 
» Electric Potential Energy of Two Point Charges ~.. '" ,.. I : 

» Electron-Volt ' " '" '<' ' » ~h~~;O:~i~~t:fn~harge ', .. ", ' I j 
)- EI.ectric Potenti~I !, -,. i!Jr :,;;'; » A.Ring.ofCharge

j 

i I 
)- Equipotential Surfage \', I )- . A Ch~rgedlDisK , 
» Relation Betw~en Electric Field and'Potential )- Pot,e~~iarDue' to,a9 ~lectt:ic Dipole . II 

'» Finding Electric,Fjeld from Electric Potential )- Work Done in/Rotating an'Electric Dipole 
• c \,. ~ 

,;: ....... ,"'""',. . ....... .-.".,.. .. , •• ""'''''-'= ~ ~~""""." """" ... , .. """""' ...... _~,_-""...,.,""=""""',.. .. '~.r."jn.~'1t.inifonn~Electric :field.....,."""," .--, .. ~..,.." 
» Potential Energy of an Electric Dipole 

_J'_ \,, - \ in a.Unifonn Electric' Field tl-' , 

3,1 
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. , .. .. 

.. . , ..... 

3.2 Physics for IIT-JEE: Electricity and Magnetism 

The concept of potential energy was introduccd in mechanics 
in connection with such conservative forces as the gravitational 
force and the elastic force exerted by aspring. By using the law of 
conservation of energy, we were able to avoid working d irectly 
with forces when solving various problems in mechanics. The 
concept of potential energy is also of great value in thc study 
of electricity. Because the electrostatic force is conservative, 
electrostatic phenomena can be conveniently described in terms 
of-an electric potentia! energy. This idea enables us to define a 
scalar quantity known as electric potential. Because the electric 
potential at any point in an electric field is a scalar quantity, we 
can use it to describe electrostatic phenomena more simply than 
if we were to rely Qnly on the clcctric field and electric forces. 

The potential is charactcristic of the field only, independent of 
a charged test particle that may be placed in the field. Potential 
energy is characteristic of the charge-field system due to an 
in'teraction between the field and a charged particle placed in 
the field . 

" .. 
EHCTRIC pOTENnAL AND ENERGY 

E~ttostatic force is a conservative force. Thus, when an elec
'trostatic force acts between two or more charged pHrticles within 
a.·system of particles, we can assign an electric potential energy 
U to the system. 

y 

• • • • • 
" II f'-

E q, 
" • - , .'< ~ . , ,~ D d 

-, ~ ..... .... .......... ~. 
'" . K L~ 

.'~-.' , , - - -
.-: ," ..-:.. . 
. .... ; .. ' . ' ." ... . ..... ·:._:Fig.3.1 

" ';. ; : ~: · .. ~ ;··"jrthe system change~'its configuration from an initial state 
'.' : "a' fO a different final state 'b' (see Fig. 3.1), let the electrostatic 

; .. force does work' W' on the particles as in Figs. 3.2 and 3.3. 
'In a conservative field, we have a relation between change in 

: ' ~<1tential energy and work done by conservative force 

I::.U =-w 

Ub-U,,=-W 

ELECTRIC POTENTIAL ENERGY OF 
TWO POINT CHARGES 

(i) 

Let us calculate the work done on a test charge qo moving in the 
electric field caused by a single. stationary point charge q. 

We will consider first a displacement along the radiallille as 
shown in Fig. 3.4, from point a to point h. The force on qo is 
given by Coulomb's law, and its radial component is 

(., (b, 

(a) Posi tive charge moves in direction of E: field does positive 
work on charge, potential energy Udecrcases. _ 

(b) Positive charge moves in direction opposite to E: field docs 
negative work on charge. potential energy U increases. 

Fig. 3.2 

(b' 

(a) Negative charge moves in direction of E: field docs negative 
work onchmgc. potential energy U increases. 

(b) Negative charge moves in direction opposite to E: field does 
positive work on charge. potential energy Udecrcases. 

Fig. 3.3 

I c/c/o 
F ----
r- 411"£"0 r2 

Test charge qo E 
moves from a 10 b b I 

"',"~:;:':;:'V/ 
'". 

If
"!;} //" 
f " '" "" 0;i 

q 

Tesl charge qo moves along a straight 
line extending radially from charge q. 
As it moves from a 10 b, Ih~ distance 
varies from ra 10 rho 

Fig. 3.4 

(i) 

The force is not constant during the displacement, and we 
have to integrate to calculate the work W" ..... b done on C/o by this 
force as qo moves from a to b. We find 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



---. -. ~ .'. 2!..S _~ _-t:.-:.c -~; -..o¥> - r- - '. :-

'& Tb I qqO qqo (I I) .. 
W,,-.b = / Frdr=f ----2 dr:::: -- -- - (11) 

1"" I'd 4JT 60 r 471" £0 I'll I ), 

The work done by the electric force fOl' this parlicu]lIr path 
depends only on the end points. 

Tn fact, the work is the same for nil possible paths rrom (I to 
b. To prove this, we cons ider 11 more general displacement (as 
shown in Fig. 3.5). The work done on qo during this displacement 
is given by 

I-I> '" I qq, 
Wn -o l1 = J Fcos¢ lif = j - - - -2 cos¢ al (ii i) 

T~ r .. 4Jr£o r 

Tes! charge flo moves fru lll 
1110 b along lin arbi trary po, th 

TIM: work done OIl charge qo by the eleclric field of charge q dOC$ 
not depeud oll lhe p:uh laken, but only on the disUlllces ra and rh-

Fig. 3.5 

Sutthe fi gure shows that cos¢cl/ = clr. That is, work done 
during a small displacemcm dl depends only on the change 
dr in the dis tance r between the charges, which is the rad ial 
component of the displacement. Thus, equation (ii i) is valideven 
for this more gene ral displacement ; the work done on <to by the 
electric field produced by q depends only on 1'" and rb not o n the 
dewi ls of the path (Fig. 3.6). T hese arc the needed characteristics 
for a conservative force, us we defined it in the section. Thus, 
Ihe force on 10 is a conservative force. 

TIIC pol~miat cnergy llssocialell wilh 3 charge 1(0 al poil11 3 
uc~nds 011 Ihe olher dwrgcs (/1. '/2 nnd (/3 and onlhci r dis lal1 CC 

1"1> '2 an:! I) rrom I'oi lll (I. 

Fig. 3.6 

Wc sec thaI equations (i) and (i ii) nrc consistent if we defi ne 
q~ . .. 

--- 10 be thc pOlentml cnergy V" when 1I0 IS at pOUlt {t, a 
411 8dr" 
. qqo . 

di stance r" from q , and we define - -- to be Ihe pOlell tHlI 
411 CUrb 

energy Uh when (10 is at poi lll b. a diSlance 1"" fro m q. T hus, the 
pOle nli:ll energy V when Ihe lesl Ch(lrge l[o is at any d ist.mce ,. 
from charge q is 

Electric Potential 3.3 

u = _1_ qq, 
4J1'"co I' 

(eleclric potential energy o f two pai n! charges q and </0) 
In case of discrete d istribution charges, 

U = - 1- [(JI ll , + q2q3 + .. . ] = ~-I-L q;q) 
4J1'"Eo 1" 12 r lJ 2 (4Jl"Eo) ..... . rij 

'-' llh is used as ench tcrm in summation will appear twice] 

ELECTRON-VOLT 

It is the Slllll licst Jl ract ~<l l unit of energy used in alom ic lind 
nucleor physics. An electron-volt is defined as the energy ac
quired by a pm1ic1c having one quantu m of charge (Le., e) when 
accc1~rntcd by I voh, i.e .• 

leV = ( 1.6 x lO- t 9 C) x (I JC- I
) = 1.6 x 10- 19 J 

{as U =qV } 

ELECTRIC POTENTIAL 

The work done by the electric force during a displacement fro m 
a to b: W,,-.b = -6V :::: - (Vb - U,,). On a "work per unit 
charge" basis, we divide this equation by qo. obtaining 

W" ..... b _ 6.V _ (Vb Vii ) ------- - - - -
qo qo qo qo 

= -( Vb - VII) = V" - Vb (ij 

where V" = ¥: is the pote ntial e ne rgy per unit charge a l point 
a and simi larly for Vb . We call Va and Vb the potentia! at poipt 
(/ <lnd potential at point b , respectively. ThIlS, Ihe work dOl/e per 
IIl1il charge by the electric force when a charged body //lOl'CS 
fivm a to b is eqllal /0 the porelllial m 'a' mi/1l1s the po/clitia! 
al 'b ' . 

Thediffere nce V" - Vb is called the potential of (j with respect 
to b. We sometimes abbreviate this difference as V"/I = Va - V,. 
(note the order of lhe subscripts) . In e lectric circuits which we 
will analyze in later chapters, the potential differe nce betwcen 
two points is often called volUlge. Equation (i) then states thm 
Val>, the potelltial ora' with respectta 'b ', equals the WOI'k dOlle 
by the electl"icforce when a UNIT charge 1Il00'csflVlIl 'a' 10 'b '. 

Also, V"I> . thc potential of a with respect ta b, equals the work 
that must be done 10 move a UNIT charge slowly from h w (/ 
aga inst the electric force . 

To find the potent ial V due to a sing le point charge q, we 
divide V by qo. 

U I q 
V =- =-- -

qo 4lf CO r 
(ii) 

(potential due 10 a point charge q at a disllmce ,. from il) 
whcre r is Ihe d ist(111CC from the poi nt charge q 10 the point al 
which the potential is evaluated . 

Regarding potential it is worth noting that 

• It is a .~c alar quanti ty having dimensions TV] = [W] 
qu 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



3.14 Physics for IIT-JEE: Electricity and Magnetism 

, , , , , , , 
" 

Q(b - a) , ~ - ~ :.JJ!.I " h , , ' ~, ~ , , , 
+, , , 

" , , , , , ,LQII+ + 

" b , 
~--~, 

, , , 
, , , , 

+ + 
, 

Fig. 3.44 

As b > a, so charge on the outcr surface of outer shell will 

b 
Q(b-a) 0 

e > . . b 
b. Potential of outer surface V/J = Potential due to charge on A 
+ Potential due to charge on B. 

I q' I Q 
VlI = VO ,OI,t + V".both,,,,race, = -- - + ---

4Jrso b 4JrE0 b 

! (-Q~) ! Q Q(h-a) 
~-- +--- ~ 

4Jr So b 4Jr So b 4Jr Eob2 

Two circular loops of radii 0.05 and 0.09 

m, respectively, are put such that their axes coincide and 
their centers are 0.12 m apart. Charge of 10-6 coulomb is 
spread uniformly on each loop. Find the potential difference 
between the centers of loops. 
Sol. The potential at the center of a ring will be due to charge 
on both the rings and as every element of a ring is at a constant 
distance from the center, so 

0', 

0', 

Fig. 3.45 

Similarly, V2 = - '- [q2 + /Riql ] 
4Jr/;u R2 R2 + x2 , 

or, V2 = 9 x 10'~ [~+ -.!..] = ~ x JO~ 
9 l3 117 

.::::} V2 = !.69xJ05 y 

So, VI - V2 = (2.40 - 1.69) x 105 = 71 kY 

A v~ry' small sphere of mass 80 g having II 

chargeq is held at a hcight o'f9 m vertically above the centre 

of a fixed conducting sphere of' radius 1 m, carrying an equal 
Charge q. When J'e1eased, it falls until it is repelled back just 
before it comcs in contact with the sphere as in Fig. 3.46. 
Calculate the charge q. [g = 10 m/s2] 

Sol. Keeping in mind that here bOlh elcctricand gravitutional po. 
tential cncrgies' are changing and for an extern<ll point a charged 
spherc bchaves as if whole or its charge were concentrated at 
its centre. Applying conservation.of energy between initial and 
final positions, we have 

I qq I q2 
--- +1118 x 9 = --- +mg x 
4Jrso 9 4Jr€o I 

as KE is zero at both locat ions 

80 x 10-3 x 10 
orq"= orq=20J2I-1C 

'0" 

1111 

JAT 
')111 , 

Fig. 3.46 

, , , 
"' 

HI 

~ A circular ring of radius R with uniform 

positi,'c charge density A pCI' unit length is located ill the 
y-z plane with its eentel' at the OI'igin O. A particle of 
mass III and positive charge q is pl'ojecied from the point 

p [ -J3R, 0, 0] on the negative x-axis directly towards 

0, with initial speed v. Find the smallest (non-zero) value of 
the speed such that the particle does not return to P? 

(IIT-JEE,1993) 
Sol. As the electric field HI the cenler o f a ring is zero, the particle 
will not come back due to repulsion ifi\ crosses the center (Fig. 
3.47), i.e., 

1 , I qQ qQ 
-III v- + ---- > - ---
2 4;rso r 4Jrcu R 

But here, Q = 2Jr 10... and r = j (JiR)2 + R2 = 2R 

I' 
+q ,. + + 

(I!}/? O. 0) + + 

+ + 

Fig. 3.47 

I - 2rr rO-q [ '-~]o,,, (2~~,J , SO. 2111v~ > 
4Jr t.'o R 
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So, 
Vmin == (2~~,J 

~ A non-conducting disk of radius a and 
uniform positive surface charge density (J is placed on the 
ground, with its axis vertical. A particle of mass 111 and 
positive charge q is dropped, along the axis of the disk, 
from a height H with zero initial velocity. The particle has 
q/m = Flog/CT, 

a. Find the value of H if the particle just reaches the disk. 

b. Sketch the potential energy of the particle as a function 
of its height and find its equilibrium position. 

(IIT-JEE, 1999) 

Sol. 
a. Given that: a = radius of disk, (1 = surface charge density, 

qlm = 4sog/a 
The K.E. of the particle, when it reaches the disk can be 

taken as zero. 
Potential due to a charged disk at any axial point situated 

at a distance x from o. '"7-CC 

Vex) = .!!....... [Ja2 +x2 - x] 
2'0 

Hence, V(H) = .!!....... [/a 2 + H2 - H] and V(O) = aa 
2eo 2eo 

Fig. 3.48 
According to law of conservation of energy, 
Loss of gravitation potential energy = gain in electric 

potential energy 
mgH =q!!..V =q[V(O)- V(H)J 

:=} mgH = q[a - ( J (a 2 + Hl) - H}] ..!!-. (i) 
2'0 a 

From the given relation - = 2 mg (given) 
2'0 

Putting this in equation (i), we get 

II1g H = 2mg[a - (J(a 2 + H2) H )] 

or H = 2 [a + H - J«(l2 + H2)] 

or H =2a+2 H - 2J(a2 + H 2)or, 2";"('~"'+-;-;HC;O,,,)_ H + 2{/ 

or4a2+4H2 = H2 + 4a2+4aH or 3H2 = 4aH or H = 4a - 3 
[ ... H = 0 is not validJ 

b. Total potential energy of lhe particle al height II. 

qa ~
Vex) = mgx + q Vex) = IIIgx + _ (y(l2 + .1'2 -- x) 

, 2eo 

=mgx + 2m): + rJ(a2 +x2 ) -x] 

=mg[2J(a2 +x2)-xJ (ii ) 

F 'I-b - dU 0 or eqUi I num: - = 
dx 

h" a 
T IS gives: x = ..fj 

Electric Potential 3.15 

From equation (ii), graph between V(h) and h will be as 
shown in Fig. 3.49. 

2mga 

v3mga 

u 

o al.;J H = 4al3 X 

Fig. 3.49 

Three concentric conducting shells of 

radii a, band c arc shown in Fig. 3.50. Charge on the shell of 
radius b is Q. If the key K is closed, find the charges on the 
innermost and outermost shells and ratio of charge densities 
of the shells. Given that a : b : c = 1 : 2 : 3. 

Sol. After closing the key, the innermost and outermost shells 
will be at the same potentiaL Let the charge on the outer shell 
be 'I and that on the inner shell be -q, the total charge on inner 
and outer shells is zero. 

('I 
Fig. 3.50 

Potential on innermost shell, 

v" = sum of potentials due to - 'I, Q and q 

q Q q 
=--+-+

abc 

Similarly, potelltial on the outermost shell, 
q Q q 

:=} \1,. = --+- + -

oc 

a ce 
qQq qQq 

As V" = Vc , we have - - + - + - = - - + - +-
abc ac e 

From the given conditions, c = 3a, b = 2a. 
Equation (i) now becomes 

q Q q Q - -+ - = -- + -
a 2a 3(1 3a 

Q 
q =-

4 
-" Q 

TIi.l;S, charge on outermost shell = 4' 
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3.16 Physics for IIT-JEE: Electricity and Magnetism 

Charge on innennost shell = - ~ ; 

a(l= 4;a2 (-~); ab= 4:~2 = 41f(~a2); 
1 (Q) +Q 

ac = 41fc2 4'" = 41f(9a2) 

Example 3.10 A conducting sphere S1 of radius r is at
tached to an insulating handle. Another conducting sphere 
S2 of radius R is mounted on an insulating stand. S2 is ini
tially uncharged. 

SI is given a charge Q, brought into contact with S2 and 
removed. 8 1 is recharged such that the charge on it is again 
Q; and itis again brought into contact with 82 and removed. 
This procedure is repeated n times. 

a. Find the electrostatic energy of 82 after 1J such contacts 
with 81. 

b. What is the limiting value of this energy as n --,I- oo? 

Sol. 
(IIT-JEE, 1998) 

a. When the spheres SI and S2 come in contact, there is transfer
ence of charges til! the potentials of the two spheres become 
equal. 

During first contact, 

VI = V2 [ql charge shifts from SI to S2] 

K(Q - qd Kql ( R ) 
r = R ::::} ql = Q R + r 

During second contact, again VI = V2 

K (Q - (q2 - ql)] Kq2 
, R 

[(q2 - ql) charge shifts from SI to S2] 

q'~Q[R:' +(R:JJ 
On third contact, again VI = V2 

K[Q - (q3-q2)] Kq3 
~ 

, R 
[(q3 - q2) charge shifts from SI to S2 ] 

q, ~ Q [ R :, + (R : , )' + (R : ,) 'J 
On nth contact by symmetry VI = V2 

K[Q-(q" -q". I)] Kq", 
, R 

[(q" - q,, -I) charge shifts from SI to S2] 

q"~Q[_R +(~)' + ... +(_R )"J 
R+r R+r R+r 

~ Q (_R_) [1 _ (R/(R + ,)") ] 
R+r I-Rj(R+r) 

The electrostatic energy of S2 after II contacts is 

u" ~ ~ q,; ~ ~ x _1 x I QR [1 _ (_R )"])' 
2C 2 47rsoR r R+r 

h. The limiting value 

It U- It - x-- - 1- --[1 1 IQR[ (R )"])2J 
n--+oo ,,- n ..... oo 2 41fsoR r R + r 

Example-3.lt Two isolated metallic solid spheres of radii 
Rand 2R are charged such that both of these have same 
charge density a. The spheres are located far away from 
each other, and connected by a thin conducting wire. Find 
the new charge density on the bigger sphere. 

(IlT-JEE,1996) 

Sol. For sphere of radius R (Fig. 3.51), a = 

·ql = a x 47r R2 

Fig. 3.51 
7 

For sphere of radius 2R (Fig. 3.52), a = 4 7r ~~R)2 

q2 = a x 16]( R2 

Fig. 3.52 

When the two spheres are connected, then the potential on the 
two spheres will be same. There will be a rearrangement of 
charge for this to happen. 

Let q; and q2 be the new charges on the two spheres. Since 
the total charge remains the same, 

~+~~q'+n~'xW.~ W 
Also, since VI = V2 

I q; q2 . 
47rso R - 47rt:o 2R' 

Substituting the value of q; from (ii) in (0 
, 

q2 +q2 = a x 207rR2 

2 

3~2 = a x 207rR2 

q2 a 5 
= - x-

47r(2R)2 3 2 
, 5. 

New charge density on bigger sphere = 47r~2R)2 =: 6 

(ii) 
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Example 3.12 

a. A charge of Q coulomb is uniformly distributed over a 
spherical volume of radius R metre. Obtain an expression 
for the energy of the system. 

b. What will be the corresponding expression for the energy 
needed to completely disassemble the planet earth against 
the gravitational pull amongst its constituent particles? 

Assume the earth to be a sphere of uniform mass 
density. Calculate this energy, given the product of the 
mass and the radius of the earth to be 2.5 x 1031 kg m. 

c. If the same charge of Q coulomb as in part (a) above is 
given to a spherical conductor of the same radius R, what 
will be the energy of the system? (IIT-JEE,1992) 

Sol. 
a. Let us consider a shell of the thickness dx at a distance x 

from the center of a sphere (Fig. 3.53). 
/~~ - -- ~ " 

, -, -, ' , ' i" \, , . ~. , , . , 
: x ' dx , . , , , , , , , , , 

'" R ~/ 
,------~~ 

Fig. 3.53 

The vol. of the shell = [ ~;r(x + dx)3 - jn x 3 ] 

= jn [(x + dx? - x
3

] = ~n x 3 
[ (I + d:r -1] 

=-nx 1+--1 =-;rx3 x - =4nx2dx 4 3 [ 3dX]43dX 
3 x 3 x . 

Let P be the charge per unit volume of the sphere. 
Charge of the shell = dq = 4rr x 2 pdx 
Potential at the surface of the sphere of radius x 

4 
PX 311"X

3 

X ~ - - x [... V = k ~l 
411"80 x , 

.'. potential at the surface of the sphere of radius 

px' 
X~--. 

3'0 
Work done in bringing the charge dq on the sphere of 

radius 

px' 
x = -3 xdq 

'0 

px' 
i.e., dW = - x 4;r x 2 pdx 

3'0 
Therefore, the work done in accumulating the charge Q 

over a spherical volume of radius R meter, 

4n ( Q )' R' 
= 3co [4/3jn R3 5" = 

Electric PotentiaL 3.17 

3Q' 

20rr80R 

This is also the energy stored in the system. 
h. The above energy calculated is 

3Q2 3KQ2 1 
E = = --,where K = --

5 x (4;r8o)R 5R 4rr80 

In case of earth and gravitational pull, K may be re
placed by G. Therefore, the energy required to disassemble 
the planet earth against the gravitational pull amongst its COD'

stituent particles is the work required to make earth from its 
constituent particles. 

3GM2 

E = ----sR ('.' Q is replaced by M] 

. Kqlq2 
(Usmg F = ---;z- and 

GM 
Butg =-

R' 

3 
E= - gMR= 

5 

3 :5 x 10 x 2.5 X 1031 = 1.5 X 1032 J 

e. During the charging process, let at any instant the spheri
cal conductor has a charge q on its surface (Fig. 3.54). The 

. 1 q 
potentIal at the surface = -- x -

411"co R 

Fig. 3.54 

Small amount of work done in bringing a charge dq 

move on the surface will be dW = _ 1_ x !l. x dq 
4n8o R 

Therefore, total amount of work done in bringing charge 
Q on the surface of spherical conductor 

• 1 jQ 1 [q' ]Q Q' 
w = 4n8oR q dq = 4;rcoR "2 0 = (8;rcoR) 

o 

Alternative solution of part (e) 

If we consider the charged spherical capacitor as an isolated 
capacitor, then the energy stored in the capacitor is given by 

1 Q' 
E = 2" C (where C = capacitance of the capacitor) 

For an isolated capacitor, C = 4lTcoR. 

Q2 
E = = energy of the system 

8 n coR 
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3.18 Physics for UT-JEE: Electricity and Magnetism 

EXERCISES 
Subjective Type Solutions on page 3.33 

1. Fig. 3.55 shows two equipotential lines in x-y plane 
for an electric field. Find the x-component (Ex) and y
component (Ey) of field in space between these lines. 

3 --------------- - ---

i', ---- ----------
2V 4V 

-- ----- -~ 

o , 6 8 

Fig. 3.55 
2. The variation of electric pOlential for an electric field di

rected paraUel to the x-axis is shown in the given graph 
(Fig. 3.56), Draw the variation of electric field strength 
with x-axis. 

lI(in voll) 
" , " , --...1--- -- --'0 , , 
" , 
" , ___ L__ _ _____ , , , , , '0 , , 

J , , I 2 3 4 (x in mclre) 

Fig. 3.56 
3. Ident ical ~hargcs - q each are placed at 8 comers of a 

cube of each side b, find the electrostatic potential energy 
of a charge +q which is placed at the center of cube. 

4. At a point due to a point charge. the values of electric 
field intensity and potential are 32 NC- I and 16 JC- I , 

rcspectively. Calculate 
a. magnilUdc o f the charge. and 
b. distance of the charge from the point of observation. 

5. Four charges +q , -q, +q and - q are placed in order on 
the four consecutiv~ comers of a square of side a. Find 
the work done in interchanging the positions of any two 
neighboring charges of oppositc sign. 

6. Water from a tap maintained at a constant potential of V 
is allowed to fall by drops of radiusr through a small hole 
into a ho llow conducting sphere of radius R standing on 
an insulating stand until it fill s the entire sphere. Find the 
potential of the hollow conductor, after it is completely 
filled with water. 

7. Three point charges ofO.1 C each are placed at the comers 
of an equilateral triangle with side L = I m. If this system 
issupplied energy at the rate of I kW. how much time will 
be required to move one of the charges on to the mid-point 
of the line joining the other two? 

8. Fig. 3.57 shows a large conducting ceiling having uniform 
charge density (J below which a charge particle of charge 
qo and mass m is hung from po int O. through a small string 
of length I. Calculate the minimum horizontal velocity 
requircd for the string to become horizontal. 

v77l77lZll117l1ll1ll1lld 
+ + + + + + + + + + 

~ . ~~ ~ 

, " :' [L" , ' '- I: , ' 
~~ ~ " 
" Fig. 3.57 

9. A non-conducting sphere of radius R = 5 em has its center 
at the origin 0 of coordinate system as shown in Fig. 3.58. 
Its has two spherical cavities of radius r = I cm, whose 
centers are at (0, 3 cm), (0, - 3 cm), respectively, and solid 
material of the sphere has uniform positive charge density 
p = l ITe ~Cm-J . Calculate e lectric potential at point P (4 
cm.O). 

y 

p 

Fig. 3.58 

10. Two identical thin rings, each of radius R meter, are coax~ 
ially placed at a distance o f R meter from cach other. If 
QI coulomb and Q2 coulomb are the charges uniformly 
spread on the two rings, find the work done in moving a 
charge q from the center of one ring to that of the other. 

11. Fig. 3.59 shows three concentric thin spherical shells A. 
Band C of radii R, 2R and 3R. The shell B is earthed and 
A and C arc given charges q and 2q, respectively. Find 
the charges appearing on all ihe surfaces o f A. Band C. 

Fig. 3.59 

12. Three conducting spherical shells have radii a. hand c 
such that a < b < f: (Fig. 3.60). Initially. the inner shel f 
is uncharged, the middle shell has a positive charge Q and 
the outer shell has a negative charge -Q. 

H. Find the electric potential of the three shells. 
b. If the inner and outer shells are now connected by a 

wire that is insulated as it passes through the middle 
she ll. what is the electric potential of each of the three 
she ll? Also, what is the final charge on each shell? 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



~.~ ~ -~" .~.~~ . L~ I 

c 
B 

Fig. 3.60 

~Q 

Q 

13. Fig. 3.61 shows three concentric spherical conductors A, 
Band C with radii R, 2R and 4R, respectively. A and C 
are connected by a conducting wire and B is uniformly 
charged (charge = +Q). Find 

a. charges on conductl'lrs Aand C, 
b. potentials of A and B. 

c 

Fig. 3.61 

, 
»' 

14. Two concentric shells of radii Rand 2R are shown in Fig. 
3.62. Initially, a charge q is imparted to the inner shells. 
Now, key K! is closed and opened and then key K2 is 
closed and opened. After the keys K 1 and K 2 are alter
nately closed n limes each, find the potential difference 
between the shells. Note that finally the key K2 remains 
closed. 

Fig. 3.62 

15. Three charges each of value q are placed at the corners of 
an equilateral triangle. A fourth charge Q is placed at the 
center of the triangle. 

a. Find the net force on charge 'q'. 
b. If Q = - q, will the charges at the corners move to

wards the center or flyaway from it? 
c. For what value of Q at 0 will charges remain sta

tionary? 
d. In the situation (c), how much work is done in remov

ing the charges to infinity? 
(IIT.JEE, 1978) 

16. An small ball of mass 2 x 10-3 kg having a charge of 
I IlC is suspended by a string of length 0.8 m. Another 
identical ball having the same charge is kept at the point 

Electric Potential 3.19 

of suspension. Determine the minimum horizontal veloc
ity which should be imparted to the lower ball so that it 
can make a complete revolution. 

F 

mg 

q 

mg F 

Fig. 3.63 

17. Two fixed charges -2Q and Q are located at the points 
with coordinates (-3a, 0) and (+3a, 0), respectively, in 
the x-y plane. 

a. Show that all points in the x-y plane where the elec
tric potential due to the two charges is zero lie on a 
circle. Find its radius and the location of its center. 

b. Give the expression Vex) at a general point on the 
x-axis and sketch the function Vex) on the whole 
x-axis. 

c. If a particle of charge +q starts form rest at the center 
of the circle. show by a short quantitative argument 
that the particle eventually crosses the circle. Find its 
speed when it does so. (IIT-JEE,1991) 

18. A point charge q is located at the center 0 of an un
charged spherical capacitor provided with a small orifice. 
The inside and outside radii of the capacitor are Q and b, 
respectively (Fig. 3.64). What amount of work has to be 
performed to slowly transfer the charge q from the point 
o through the orifice and to infinity? 

• 

Fig. 3.64 

19. Four point charges + 8 mC, -I mC, -1 mC and + 8 mC 

are fixed at the points -f! m, -j[ m, +/I m and 

fi7 +..; 2" m, respectively, on the y-axis. A particle of mass 

6 x 10-4 kg and charge +O.IIlC moves along the x 
direction. Its speed atx = + 00 is Vo. Find the least value 
of Vo for which the particle will cross the origin. Find also 
the kinetic energy of the particle at the origin. Assume that 

1 
space is gravity free. Given -- = 9 X 109 Nm2C- 2. 

4rrso 

(IIT.JEE, 2000) 

20. Charges +q and - q are located at the corners of a cube of 
side as shown in Fig. 3.65. Find the work done to separate 
the charges to infinite distance. (IIT-JEE,2003) 
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3.20 Physi ... s, .1, ~ ::,;~~ricity and Magnetism 

, 
- q 'q 

q/ -q/ 

-
1/" 1/ , , , 

Fig. 3.65 

- q 

21. Two unifonnly charged large plane sheets SI and 52 hav
ing charge densities 0"1 and 0"2 (0"1 > 0"2) are placed at a 
distance d parallel to each other. A charge qo is moved 
along a line of length a (a < d) at an angle 45° with the 
normal to 51. Calculate the work done by the electric field. 

(IIT.JEE,2004) 

22. For the electrostatic charge system as shown in Fig. 3.66, 

" , ,n , ,n , , 
" , , 45' 'p 45' , -, 1000tf ,--

Fig. 3.66 

a, find the net force on electric dipole. 
b. Also, find electrostatic energy of the system. 

23. Four charge particles each having charge Q are fixed at 
comers of base (at A, B, C and D) of a square pyramid 
with slant length 'a' (AP = BP = DP = PC = a). A charge 
-Q is fixed at point P. A dipole with dipole moment pis 
placed at the center of base and perpendicular to its plane 
as shown in Fig. 3.67. Find 

p 
l ------ ------- f- · 

tD " I / C :!, 
' I ~ " ,,"-

, "'1-~:_~' .. __ .... ~. J /0', 
A ;~~~~ a"", .. B 

Fig. 3.67 

a. force on dipole due to charge particles. 
h. potential energy of the system. 

24. Three identical dipoles with charges q and -q and sepa
ration a are placed' on the corners of an equilateral Ll of 
side d as shown in Fig. 3.68. Find the interaction energy 
of the system (a < < d). 

, 
Ad 

+qO<' , , , , , , , , 
, ' , ' 

,/ \, 

" +qQc 
- Q-Ol9

q
-- ------ -----Q -q 

.. d .. 

Fig. 3.68 

Objective Type Solutions on page 3.38 

1. A charge q is accelerated through a potential difference 
of V. Find ils kinetic energy. 

a, qV b. qVj2 

e. V d. None of these 

2. The dimensional formula of electric potential is 

a. [MLT-2A- 1] h. (ML 2T-2A- 1] 

c. [ML 2T-3A-1] d. (ML 2T - 3A-2] 

3. If a conductor is electrically neutral, then ' 

a, net charge on it should be zero 
b. potential on it should be zero 
c. both charge and potential should be zero 
d. none of them may not be zero 

4. An electron is released from rest in a region of space with a 
non-zero electric field. Which of the following statements 
is true? 

a. The electron will begin moving toward a region of 
higher potentia!. 

b. The electron will begin moving toward a region of 
lower potentia!. 

c. The electron will begin moving along a line of con
stant potential. 

d. Nothing can be concluded unless the direction of the 
electric field in known. 

5, Fig. 3.66 shows two parallel surfaces A and B at the same 
potential, kept at a small distance r from each other. A 
point charge q is taken from the surface A to B. The 
amount of work done is 

a, 
2:rreor 

e, L 
4:rrEor 

Fig. 3.69 

q' 
b. 

8:rrEor 

d. zero 

6. Inside a hollow charged spherical conductor, the potential 

a. is constant 
b. varies directly as the distance from the center 
c. varies inversely as the distance from the center 
d. varies inversely as the square of the distance from the 

center 
7. A hollow metal sphere of radius 5 cm is charged such that 

the potential on its surface is 10 V. The potential at the 
center of the sphere is 
a.OV b.lOV 
c. same as at point 5 cm away from the surface 
d. same as at a point 20 cm away from the surface 

(IJT·JEE, 1983) 
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8. The electric potential at the surface of an atomic nucleus 
(2 = 50) of radius of 9x 10- 15 m is 

a. SOY b. Sx106 y 

c. 9 V d.9x105 V 

9. A ball of mass I g carrying a charge 10-8 C moves from 
a point A at potential 600 V to a point B at zero potential. 
The change in its K.E. is 

a. - 6xlO-6 erg b. - 6x1O- 6 ) 

c. 6x 10-6 ) d. 6x 10-6 erg 

10. A large insulated sphere of radius r charged with Q units 
of electricity is placed in contact with a small insulated 
uncharged sphere of radius r' and is then separated. The 
charge on the smaller sphere will now be 

Q(r'+/,) Q(r'+r ) 
a. -".':-"--'-' b. 

r' 
Q, 

r 
Q,' 

c. d. 
r'+r /"+r 

11. Potential energy of two equal negative point charges 2 I1C 
held I m apart in air is 
a. 2) 

c. 4 J 

b. 2eV 

d. 0.036 J 

12. Two point charges 411C and -211C are separated by a 
distance of I m in air. At what point in between the charges 
and on the line joining the charges is the electric potential 
zero? 

a. In the middle of the two charges 
b. 1/3 m from 411C 
c. 1/3 m from -211C 
d. Nowhere the potential is zero 

13. Which of the following is/arc proportional to the inverse 
square of the distance x? 

a. The potential at a distance x from an isolated point 
charge 

b. The electric field at a distance x from an isolated point 
charge 

c. The force per unit length between two thin, straight, 
infinitely long current carrying conductors, parallel 
to each other, separated by a distance x. 

d. The electrostatic forcc between two large charged 
bodies kept at a small distance x apart. 

14. Two conducting spheres of radii rl and /'2 have same elec
tric field near their surfaces. The ratio of their electrical 

15. 

16. 

potentials is 

" , a. 2" 

" 

,., 
b. ' ,., , ,. r, 

" 
Three charges 2q, - q and - q arc located at the vertices 
of an equilateral triangle. At the ccnter of the triangle 

a. the field is zero but potential is non-zero 
b. the field is non-zero but potential is zero 
c. both fie ld and potential are zero 
d. both field and potential are non-zero 

The variation of potential with distance R from fixed point 
is shown in Fig. 3.70. The electric field at R = 5 m is 

17. 

18. 

19. 

20. 

, 
4 
J , , 

VIV 

Electric Potential 3.21 

O;"-+-+-~~~~Wm :2 3 4 5 6 

a. 2.5 Vm- I 

c. 0.4 Vm- 1 

Fig. 3.70 

b. -2.5 Vm- 1 

d. -0.4 Vm- I 

When a 211C of charge is carried from a point A to point 
B, the amount of work done by electric field is 50 /-II. 
What is the potential difference and which point is at a 
higher potential? 
a.25V,B 
b.25V,A 
c. 20 V, B 
d. Both are at same potential 

The work done in taking a unit positive charge from P to 
A is Wt\ and from P to B is W B . T,n: 

A·---d-- --~- .. B 

a. W,;-;. WB 

C. W" = WB 

Fig. 3.71 

"" 
pO 

b. WA < WB 
d. WA + WB =0 

Four charges +q, - q. +q and -q are put together on four 
corners of a square as shown in Fig. 3.72. The work done 
by external agent in assembling this configuration is 

"0' -q 

-q " 

Fig. 3.72 

a. zero 

c. +2.59kq 2Ja 
b. -2.59kq2Ja 

d. none of thesc 

For the isolated charged conductor shown in Fig. 3.73, the 
potentials at points A, B, C and D are VA, VB, Ve• and 
V/J, respectively. Then 
a. VA = V/J > Ve> VI) 
h. Vo> Vc > VIJ = VA 
C. VO > Vc > VB > VA 
d. Vo = Vc = VB = VA 

Fig. 3.73 
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3.22 Physics for IIT-JEE: ELectricity and Magnetism 

21. The electric field in a region surrounding the origin is 
uniform and along the x-axis. A small circle is drawn 
with the center at the origin cutting the axes at points A, 
B, C and D having coordinates (a, 0), (0, a), (-a, 0) and 
(0, -a), respectively, as shown in Fig. 3.74. Then, the 
potential is minimum at 

---------- --------- -.--------
B --------- ---_ .. --------

E --- ------- ----.--------C A 
--------- ~----.--------

D 

Fig. 3.74 

a. A b. B c. C d. D 

22. A sma!! conducting sphere of radius a, carrying a charge 
of +Q, is placed inside an equal and oppositely charged 
conducting shell of radius b such that their centers coin
cide. Determine the potential at a point at a distance of c 
from center such that a < c < b. 

a. k(Qk + Qlb) b. k(Qla + Qlb) 

c. k(Qla - Qlb) d. k(Qlc - Qlb) 

23. Two metal spheres (radii r), r2 with rl < r2) are very far 
apart but are c0011ected by a thin wire. If their combined 
charge is Q. then what is their common potential? 

a. kQ/(rl + r2) b. kQJ(rl - r2) 

c. -k QJ(rl + r2) 

24. Mark correct statement 

a. If E is zero at certain point, then V should be zero at 
that point. 

b. If E is not zero at certain point, then V should not be 
zero at that point. 

c. If V is zero at certain point, then E should be zero at 
that point. 

d. If V is zero at certain point, then E mayor may not 
be zero. 

25. Variation in potential is maximum if one goes 

a, along the line of force 
b, perpendicular to the line of force 
c. in any direction 
d. none of these· 

26. An uncharged conductor. A is brought near a positively 
sharged conductor B. Then 

a. the charge on B will increase but the potential of B 
will not change 

b. the charge on B will not change but the potential of 
B will decrease 

c. the charge on B will decrease but the potential of B 
will not change 

d. the charge on B will not change but {he potential of 
B will increase 

27, Two spherical conductors of radii RI and R2 are sepa
rated by a d istance much larger than the radius of the 
either sphere. The spheres arc connected by a conducting 
wire as shown in Fig. 3.75. If the charges on the spheres in 

equilibrium are ql and qz, respectively, what is the ratio 
of the field strength at the surfaces of the spheres? 

q, 

Fig. 3.75 

28. There is an electric field E in x-direction. If the work 
done By electric field in moving a charge of 0.2 C through 
a distance of 2 m along a line making an angle 60Q with 
x-axis is 4 J, then what is the value of E? 

a. ,J3 NC-1 b. 4 NC- 1 

C. 5 NC- 1 d. 20 NC- 1 

29. Some equipotential surfaces are shown in Fig. 3.76. The 
magnitude and direction of the electric field is 

30. 

Fig. 3.76 

a. 100 Vm- 1 making angle 1200 with the x -axis 
b. 200 Vm- 1 making angle 60° with the x-axis 
c. 200 Vm- 1 making angle 120° with the.x-axis 
d. none of the above 

In moving from A to B along an electric field line, the 
electric field docs 6.4x 10- 19 J of work on an electron. 
If ¢l and ¢2 arc equipotential surfaces, then the potential 
difference Vi: - VA is 

a. -4 V 

c. zero 

Fig, 3.77 

b. 4 V 

d. 6.4 V 

31. Two identical rings P and Q of radius 0.1 m are mounted 
coaxially at a distance 0.5 m apart. The charges on the 
two rings are 2 and 4 flC, respectively. The work done in 
transferring a charge of 5 flC from the center of P to that 
of Q is 

a. 1.28 J b. 0.72 J 

c.O.144J d. 2.24 J 

32. n charged drops, each of radius r and charge q, coalesce 
to form a big drop of radius R and charge Q. If V is the 
electric potential and E is the electric field at the surface 
of a drop, then 

£ . _ 2/3£ a. rng - 11 .m~11 
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33. 

c. E.man = n2
/3 E b/1 d. Vbig = n2/ 3 VsnW1 

A small positively charged sphere is placed inside a pos
itively charged spherical shell . What happens je the inner 
sphere is connected with the outer shell by a conducting 
wire? 
a. The entire charge of inner sphere will be transferred 

to outer shell and then both will be at same potential. 

b. The entire charge of inner sphere will be transferred to 
outer shell and then both will be at different potential. 

c. The entire charge of outer shell will be transferred to 
inner sphere and then both will be at same potential. 

d. Nothing can be predicted. 

34. At a point in space, the electric field points towards north. 
In the region surrounding this point, the rate of change of 
potential will be zero along 

a. north b. south 

c. north-south d. east-west 

35. A positive point charge q is carried from a point B to a 
point A in the electric fi eld of a point charge +Q at O. If 
the penniuivity of free space is £0. the work done in the 
process is given by (where a = OA and b = OB) 

qQ (I I) q Q (I I) 
a. 4""£0 a + b b. 4"..eo a - b 

qQ (I I ) 
d. 4" £0 a2 + b2 , 

36. A spherical charged conductor has surface density of 
charge = q. The electric fie ld intensity on its surface is 
E. If radius of surface is doubled, keeping a unchanged, 
what will be electric fi eld intensity on the new sphere? 
a. E/2 b. £/4 

c. 2E d. E 

37. In the above question, if V be the electric potential of the 
first sphere, what would be the electric potential of the 
second sphere? 

a. 2V b. V/2 

c. V/4 d. V 

38. Which of the following is discontinuous across a charged 
conducting surface? 
a. Electric potential 
b. Elcctric inte nsity 
c. Both electric pO.lential and intensity 
d. None of the above 

39. The e leclric fie ld lines are closer together near object A 
than they are near object B. We can conclude 
a. the potential near A is greater than the potential near 

B 
b. the potential near A is less than the potential near B 
c. the potential near A is equal to the potential ncar B 
d. nothing about the relat ive potentials ncar A and B 

40. As shown in Fi g. 3.78, a dust partic'le with mass 
m = 5.0 x 10- 9 kg and charge qo = 2.0 ne starts from 
rest at point a and moves in a straight line to point b. What 
is its speed v at point b? 

3.0 nC '!b- b 

~ 1.0 ~~ t~ ~4 

a. 26 ms- l 

c. 46 ms- I 

em em 

Fig. 3.78 

Etectric Potentia! 3.23 

- 3.onC 

~r 

b. 34 ms- 1 

d. 14 ms- 1 

41. Charges - q, Q and -q are placed at equal distance on a 
straight line. If the tOlal potential energy of the system of 
three charges is zero, then find the ratio Qlq. 

-q 
~ 

-q 
0 , , 0 

I. 2, tl 

FIg. 3.79 

•• 112 b. 1/4 
c. 213 d. 3/4 

42. ABC is a right angled triangle. where AB and BC are 25 
and 60 cm, respective ly. A metal sphere of 2 cm radius 
charged to a potential of 9 x lOS volt is placed at B as 
in Fig. 3.80. Find the amount of work done in canying a 
positive charge of J coulomb from C to A. 

~~ 
B 60 em C 

Fig. 3.80 
a.2Ik} b.42kJ 

c. 14 k} d. 52 k} 

43. Two charged panicles having charges I and -I flC and of 
mass 50 gm each are held at rest while their separation is 
2 m. Fi nd the speed ofthc part icles when their separation 
is I m. 

I 
a. 5' mls 

3 
b. 5' mls 

3 
c. iO m/s 

2 
d. "1 mjs 

44. A 100 eV electron is projected directly towards a 
large metal plale that has surface charge density of 
-2.0 x 10-6 Cm- 1 . From what distance must the c lcc
Iron be projccted, if il is to just fail to strike that -plate? 

45. 

46. 

a. 0.40 mm b. 0.20 mm 

c. I mm d. 0.30 mm 

A solid sphere of radius R is charged uniformly. At what 
distance fro m its surface is thc electrostatic potential half 
of the potenti al at the center? 
a. R b. RI2 c. RI3 d. 2R 

Four identical charges are placed at the points (I, 0, 0), 
(0. 1.0). (- I. O. 0) and (0. - I. 0). Then. 

a. the potential at the origi n is zero 
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3.24 Physics for IlT-JEE: Electricity and Magnetism 

b. the electric field at the origin is not zero 
c. the potential at all points on the z-axis, other than the 

origin, is zero 
d. the field at all points on the z-axis, other than the 

origin, acts along the z-ruds 
47. When the separation between two charges is increased, 

the electric potential energy of the charges 
a. increases b. decreases 

c. remains the same d. may increase or 
decrease 

48. A positive charge is moved from a low potential point A 
to a high potential point B. Then, the electric potential 
energy of the system 

a. increases 

c. will remain the same 

h. decreases 

d. nothing deE,nite can 
be predicted 

49. If a charge is moved against the coulomb force of an elec
tric field, then 

a. positive work is done by the electric field 
h. energy is used from some outside source which does 

positive work 
c. the strength of the field is decreased 
d. the energy of the system is decreased 

SO. Mark the correct statement 

a. An electron and a proton when released at rest in a 
uniform electric field experience the same force and 
the same acceleration. 

h. Two equipotential surfaces may intersect. 
c. A solid conducting sphere holds more charge than a 

hollow conducting sphere of the same radius. 
d. No work is done in taking a positive charge from one 

point to another inside a negatively charged metallic 
sphere. 

51. Two point charges Q and - Q14 placed along x-axis are 
separated by a distance 1'. Take - QI4 as origin and it is 
placed right of Q. Then, potential is zero 

a. at x = 1'/3 only 
h. at x = -I'IS only 
c. both at x = 1'/3 arid at x = -I'IS 
d. there exist two points on the axis where electric field 

is zero 
52. The electric potential decreases uniformly from 120 V to 

80 V as one moves on the X -axis from x = -I cm to x = 
+ I cm. The electric field at the origin 

a. must be equal to 20 Vcm- J 

b. must be equal to 20 Vm- J 

c. may be greater than 20 Vcm- J 

d. may be less than 20 Vcm- J 

53. Fig. 3.81 shows eight point charges arranged at the cor
ners of a cube with sides of length d. The values of the 
charges are +q and -q, as shown. This is a model of one 
cell of a cubic ionic crystaL In sodium chloride (NaCl), 
for instance, the positive ions are Na+ and the negative 
ions are Cl-. Calculate the potential energy U of this ar
rangement. (Take as zero the potential energy of the eight 
charges when they are infinitely far apart.) 

54. 

55. 

- q ' q 

r-, r-, 
'q 

d 

, q-:A " d 'q 

Fig. 3.81 

a. ::o~ (1- ~ + 3~) 
3q' ( I I) 

b. -neod 1- -/2 + 3./3 

c. q2 (1 _ ~ + \;) 
12neod .,2 3.,3 

d. - q' (I - ~ + 1M) 
12neod .,2 3.,3 

A small sphere with mass 1.2 g hangs by' a thread be
tween two parallel vertical plates S.OO em apart. The plates 
are insulating and have unifonn surface charge densities 
+(1 and - (1. The charge on the sphere is q = 19 X 10- 6 C. 
What potential difference between the plates will cause 
the thread to assume an angle of 37° with the vertical as 
shown in Fig. 3.82. 
a.30V b.12Y c. SOY d.2SV 

14---- 5.00 em----+! 

Fig. 3.82 

A particle of mass m carrying charge 'q' is projected with 
velocity 'v' from point 'P' towards an infinite line of 
charge from a distance' a'. Its speed reduces to zero mo
mentarily at point Q which is at a distance al2 from the 
line of charge. If another particle with mass m and charge 
'-q' is projected with the same velocity 'v' from P co
wards the line of charge, what will be its speed at Q? , , 

a. -/2v b . ./3, e. -/2 d . ./3 

56. Charge Q is given a displacement 7' = ai + bl in anelec

tric field E = E li + E2l . The work done is 
a. Q (EJ a + E2b) 
b. Q l(E,a)' + (E,b)' 
c. Q(EJ+E2)v'a2 +b2 

d. Q J(Ef + E~)2v'a2 + b2 

57. There are two thin wire rings, each of radius R. whose 
axes coincide. The charges on the rings are q and -q. 
Evaluate the potential difference between the centers of 
the rings separated by a distance a. 

a. n:o [~+ v'R21+a2 J 
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60. 

61. 

62. 

63. 

--- ~: .... ' 
b. q [2. + 1 1 

2:7fso R ~R2 +a2 

C. 2:S0 [~- ../R2
1
+ a2] 

d. 2q [I 1 1 
neo R "jR2+a2 

Let Vo be the potential at the origin in an electric field 

E = Ex? + By}. The potential at the point (x, y) is 
a. Vo-xEx-yEy 

h. Vo+xEx+yEy 

c. xEx + yEy - Vo 
d. (J x2 + y2) ;r:E::;;'-+c-:E,,; - Vo 

A point" charge q is placed inside a conducting spherical 
shell of inner radius 2R and outer radius 3R at a distance 
of R from the center of the shelL Find the electric potential 
at the center of the shell. 

1 q 
a. ----

4lT80 2R 
1 5q 

c. ----
411" 806R 

4q 
b. ----

4;rrso 3R 
1 2q 

d. ----
4l'fso 3R 

An electric field is expressed as E = it + 3]. Find the 
potential difference (VA - VB) between two points A and 
B whose position vectors are given by r,., = i + 2] and 
rn=2i+]+3k. 
a.-IV h.IV c.2V d.3V 

The potential function of an electrostatic field is given by 
V = 2x2• Determine the electric field strength at the point 
(2 m, 0, 3 m). 

a. E=4i(NC- I ) 

c. E=81(NC- ') 
b. E = -41 (NC- I ) 

d. E = - 81 (NC- I ) 

Electric fie ld represented by equipotential surface as 
shown in Fig. 3.83 is 

y(em) 

lOY 20V 30V 40V 

30° 30° 30° 30° 
1--~";110f'-L2~0f'-L~30f'-L~40f'-- x (em) 

Fig. 3.83 

a. E=200(i+-J3])NC- 1 

b. E= 100(i + .J2])NC- 1 

c. E= 100(- i+.J3j)NC- 1 

d. E = 200(-1 + .J3])NC- 1 

Fig. 3.84 shows equipotential surfaces concentric at 0, 
the magnitude of electric field at a distance r measured 
from 0 is 

a. 9
2
(Vm- l ) , . 

c. 22 (Vm- 2) , 

30cm 
20 em : 

, , , , 
" " 

, , 

(------
10em 

60V 

30V 
20V 

Fig. 3.84 

Electric Potential 3.25 

A conducting sphere A of radius a, with charge Q, is 
placcct concentrically inside a conducting shell B nf radius 
b. B is earthed. C is the common center of A and B. Study 
the foHowing statements. 

B 

Fig. 3.85 
i. The potential at a distance r from C, where a ::: r S b, 

. I Q ,, - --
4JTEo r 

ii. The potential difference between A and B is 

1 (I I) 
4JTEo Q ~ - b 

iii, The potential at a distance r from C, where a S r Sb, 

;, _I Q (~_~) 
4JTso r b 

Which of the fol lowing statements are correct? 

s. Only (i) and (ii) b. Only (ii) and (iii) 

c. Only 0) and (iii) d. All 

65. An electron having charge e and mass m starts from lower 
plate of two metallic plates separated by a distance d. If 
potential difference between the plates is V, the time taken 
by the electron to reach the upper plate is given by 

a. J2md2 
b. J md2 

eV eV 

Jmd2 2md2 

c. d. 
2eV eV 

v 

1 
Fig. 3.86 

66. There is an infinite straight chain of alternating charges 
q and -q. The distance between the two neighboring 
charges is equal to a. Find the interaction energy of any 
charge with all the other charges. 

2q2 
a. ---

4JTtoa 
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3.26 Physics for IIT-JEE: Electricity and Magnetism 

c. d. None of these 

67. The electric field in a certain region is Alx3, Then, th,e 
potential at a point (x, y, z), a.ssuming potential at infinity 
to be zero, is 

a. zero 

c. 3A1x4 

68. Three identical metallic uncharged spheres A, Band C 
each of radius a, are kept at the comers of an equilateral tri
angleofsided(d > > a) as shown in Fig. 3.87. The fou rth 
sphere (of radius a), which has a charge q, touches A and 
is then removed to a position far away. B is earthed and 
then the earth connection is removed. C is then earthed. 
The char.!~e on C is 

a. ;;Cd~a) b. qa (2d- a) 
2d. d 

c. _ ~: (d~a) d. 2qa ('!.2) d 2d 
A 

d 

Bo----~OC 

Fig. 3.87 

69. A soiid conducting sphere of radius 10 cm is enclosed by 
a ~hin metallic shell of radius 20 cm. A charge q = 20 ~C 
is given to the inner sphere. Find the heat generated in the 
process when the inner sphere is connected to the shell by 
a conducting wire. 

a. 121 ~ 91 

c. 24 1 d. zero 

70. Ir V and u are-e lectric potential and energy density, re
spectively, at a distance r from a positive point charge, 
then which of the following graph is correct. 

71. 

~
. y, [L' •. . b. 

, , 

'IL, d~, 
Fig. 3.88 

Find the potential V of an e lectrostatic field E = a(yi 
+ x]). where a is a constant. 
a. axy+C b. -axy+C 

c. axy d. -axy 

72. We have three identical metallic spheres A, B. and C, A 
is given a charge Q and Band C are uncharged. The fol
lowing processes of touching of two spheres is carried out 
in succession. Each process is carried out with sufficient 

73. 

time: 
LA andB ii. Band C 

iii. C and A iv. A and B v. Band C 
The final charges on the spheres are 

IlQ 5Q IlQ b llQ IlQ 5Q 
a. 32' 16 ' 32 . 32' 32 ' 16 

8Q 5Q 5Q d 5Q Il Q Il Q 
c. 8' 16 ' 16 . 16' 32 . 32 

The potential field dependS on x- and y-coordinates as 
V = x 2 _ yl. Corresponding electric field lines in x-y 
plane are as 

y 

, <f>'" 
y 

)( 
,~)(-7--+" 

Fig. 3.89 

74. A solid conducting sphere having a charge Q is sur
rounded by an uncharged concentric conducting hollow 
spherical shell. The potential difference between the sur
race of the solid sphere and that of the outer surface of 
the hollow shell is V, If the shell is now given a charge of 
- 3Q, thc new potential difference betwecn the same two 
surfaces is (IlT.JEE,1989) 
a. V b. 2V e. 4V d. -2V 

Multiple Correct 
Answers Type Solulions 011 page 3.43 

1. 1\vo infinite. parallel. non-conducting sheets carry equal 
positive charge density u, One is placed in the y-l plane 
and the other at'distance x = a. Take potential V = 0 at 
x= O. Then: 

a. For 0 :s x :s a, potential V .. = 0 

b. For.l' ~ a, potential V .. = ~(x - a) 
'0 

. u 
c. For x ~ a, potenlial V .. = - -(x - a) 

'0 . a 
d. For: x :s 0, potential V .. = - x 

'0 
2. A negative charge is moved by an external agent in the 

direction of e lectric field. Then: 

• 

Fig. 3_90 
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a. potefttial energy of the charge increases 
b. potential energy/of the charge decreases 
c. positive work is done by the electric field 

-d~ negative work is done by the electric fi eld 

3. If a 'charged conductor is enclosed by a hollow charged 
conducting shell (assu med concentric and spherical in 
shape). and they are connected by a conducting wire. then 
which of the following statement(s) would be correct? 

a. Potential difference between two conductors be
comes zero. 

b. 'If charge on inner conductor is q and on outer con
ductor is 2q. then finally charge on outer conductor 
will be 3q. 

c. The charge on the inner I;onductor is totally trans
ferred to the outer conductor. 

d. If charge on the inner conductor is q and charge on the 
outer conductor is zero, then finally charge on each 
conductor will be q!2. 

4. For the situation shown in Fig. 3.91. mark out the correct 
statement(s). 

Hollow neutral conductor 

8 q.----- -----
I<-d/ 

Fig. 3.91 

a. Potential of the conductor is ~ 
41tEo( + R) 

b. Potential of the conductor is 4 qcd , rr, 
c. Potential of fhe conductor cannot be determined as 

nature of dis~ribution of induced charges is not known 
d. Potential at point B due to induced charges is 

- qR 
41T Eo(d + R)d 

S. A spherical shell is uniformly charged by a charge q. A 
point charge qo is place at its center. The expansion of the 
shell is taking place from Rl to R2 (R2 > R d . For this' 
situation. mark out the correct statement(s). 

a. If an external force is acting, then work done by the 
external agc~t is negative. 

b. If no external fo rce is acting, then energy would be 
released in Ihis eJ::pansion. 

c. If no external force is acting. then energy would be 
dissipated in this process. 

d. The work of electric forces in , this process is 

q(qO + q/2) [.!.. _ .!..]. 
41tto Rl R2 

6. A copductor A is given a charge of amount +Q and then 
placed inside a deep metal can B, without touching it. 
Then .. 

a. The potential of A docs not change whl,(,n it is placed 
in~ide B 

h. If B. is eanhed, +Q amount of charge flows from it 
into the eanh 

c. If B is eanhed. the potential of A is reduced 

Electric Potential 3.27 

Fig. 3.92 

d. Either (b) or (c) are true, or both are true only if the 
outer surface of B is connected to the eanh and not 
its inner surface 

Asserti on- Reasoni n9 
Type 

" "i 

1· ):';- ·Solutions on page 3.43 

In the, following questions, each question contains Statement I 
(Assertion) and Statement II (Reason). Each question has four 
choices (a), (b), (c) and (d) out of which ONLY ONE is correct. 

a. Statement J is True, Statement II is True; Statement 
II is a correct explanation for Statement 1. 

b. Statement I is True. Statement II is True; Stalement 
II is NOT a correct ex planation for Statement 1. 

. c. Statement I is True. Statement II is False. 
d. Statement I is False, Statement II is True. 

I. Statement]: Positive charge always moves from a higher 
potenti~ point to a lower potential point if left free in 
electric lield. 
Statement II: Electric potential is a vector quantity. 

2. Statement]: The surface of a conductor is an equipoten
tial surface. 
Statement II: Conductors allow the free flow of charge 
within themselves. 

3. Statement ]: Conductors having equal positive charge 
and volume must also have same potential. 
Statement II: Potential depends only on the charge and 
vol~me and shape of conductor. 

4. Statement]: No work is done in taking a small positive 
charge from one point to other inside a positively charged 
metallic ~phere while outside the sphere work is done in 
taking the ch~rge towards the sphere. Neglect induction 
du.e to small charge. 
Statement 11: Inside the sphere electric potential is same 
at each point. butoutside it is d ifferent for different points. 

S. Statement I: Electric potential of earth is taken to be zero 
as a reference. 
Statement II: The e lectric field produced by earth in sur
rounding space is zero. 

Comprehension 
Type 

For Problems 1-2 

Solutions on page 3.44 

A single positive point charge q is located at point P as the 
potential is Vo (with Vo = 0 at infinity) (see Fig. 3.93). 

1. A second charge ql ,., +q is placed equidistant from P. 
The potential at P is now 

a. 4Vo b. 2 Vo c . ..fi Vo 
Vo 

d. "2 

• 
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3.28 Pnys,ics for IIT·JEE: Electricity and Magl'letism 

D
p 

EV 
. p 

Fig. 3.93 

2. Instead of positive charge. a negative charge q' = - q is 
located. The potential at P is now 

, Vo 
a. 2Vo b . ..fi Vo c. d. 0 

2 
For Problems 3--4 
Two point charges are located on the x·axis. ql = -e at x = 0 
andq2 = +e alx = a. 

3. Find the work that must be done by an external force to 
bri nga thirdpointchargeq) = + e frominfinitYlD x = 20'. 

e2 e2 

a. b. 
4:rrEoa 8JrEoa 

-,' 
c. 

8:rr Eoa 
d, 

4Jreoa 
4. Find the total 

charges. 
potential energy of the system of three 

a. 

c, 

e' 
4:rr eoa 
_ e2 

8:rrEoa 

For Problems 5-6 

b. e' 
8:rreoa 

- e' 
d, 

4Jreoo 

A small mewl sphere, carrying a net charge of ql = - 2IlC, is 
held in a stationary position by insulating supports. A second 
small metal <:;Jhere. with a net charge of q2 = -8 pC and mass 
1.50 g, is projected toward qt. When the two spheres are 0.800 
m apart, q2 is moving toward q l with speed 20 ms- t as shown 
in Fig. 3.94. Assume that the two spheres can be treated as poi nt 
charges. You can ignore the force of gravity. 

o~mI$ 

'f> 

Jill 0.800 m 

Fig. 3.94 

, ...• # 
q, 

5. What is the speed of q2 when the spheres are 0.400 m 
apart? 

a. 2.ji"i) ms- 1 

c. 4.ji"i)ms- t 

6. How close does q2 gel ID qt ? 

b. 2-/6ms- 1 

d. 4-/6ms- 1 

a. 0.20 m b. 0.30 In 

c. 0.10 m 

For Problems 7-9 

d. 0.15 m 

Two point ehargesqt = + 2.40 nC andq2 = - 6.50 nCareO. IOO 
m apart. Point A is midway between them; point B is 0.080 m 
from q t and 0.060 m from q2 as shown in Fig. 3.95. Take the 
electric potential to be u ro at infinity. Find 

7. 

8. 

B 

_<@~e% •. ~ 

~50 m-H+-O.050 m..:e 
III A III 

Fig. 3.95 

the potential at point A 

a. - 738 V b. - 323 V 

c. -705 V d. -1 20 V 

the potential at point B 
a. - 738 V b. - 323 V 

c. -705 V d. -120V 

9. The work done by the electric fi eld on a charge of 
2.50 nC that travels from point B to point A. 

a. -8.25 x 10- 8 J b. 8.25 X 10- 8 J 

c. 1.25 X lOB j d. - \.25 X 10- 8 J 

For Problems 10-13 
Four charges +q, +g . -q and - q are placed, respectively, at the 
comers A. B, C and D of a square of side a, arranged in the 
given order. E and F are the midpoints of sides BC and CD, 
respectively. 0 is the center of square. 

10. The e lectric fi eld at 0 is 
q 

a, '" v2Jr toa2 

.j'jq 
C. 

Jr toa2 

11. The electric potential at 0 is 

.J'iq 
•• 
c. 

rr 'oa 

q 

.j'jq 
b. 

d . zero 

12. The work done in carrying a charge e from 0 to E is 

a . ..fiq e b • ....!!...!...- [_'_ - ,] 
Jr t oa :rr toa Js 

c. 7r qe:a [.5s + I] d. zero 

13. The work done in carrying a charge e from 0 to F is 

a . ..fiq e b. ~ [ _ '_ - ,] 
Jr t oa Jr Eoa ..J5 

c. Jrqt:a [~+IJ d. zero 

For Problems 14-15 
Tw.o fi xed point charges, each having charge Q, are separated 
by a distance 2/. Another point charge - q having the mass m is 
projected with a velocity va from a point midway between the 
two charges along the perpendicular bisector of the line joining 
the two charges. 
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14. The electric field at a point situated on perpendicular bi
sector of the line joining the two charges at a distance x 
from the mid-point of the line joining the two charges. 

I Qx I Qx 
a. 41£ to (x2 + {l)3!2 b. 21f8o (x2 + [2)lf2 

I Qx 2./2 Qx 
C. 2.J21f£0 (x2 + 12)3/2 d. 1fEo (x2 + 12)3f2 

15. Find the 'distance travelled by the charge - q before it 
reverses its direction (neglect other interactions) . 

•. I [CQ+:~OlmJ -f ' 
b. I [CQ+:~OlmJ + Ir 
c. I [ (qQ _ :~olm",)' -f ' 
d. I [ CQ -:~olmJ + J" 

For Problems 16-17 
A charge Q is distributed over two concentric hollow spheres of 
radii rand R (R > r) such that then surface densities arc equal. 

16. The charge on smaller and bigger she lls are 

Qr2 QR2 . 
a. r2 + R 2 and r2 + R 2' respectively 

b. Q (I + ; : ) and Q (I + ~22 ) , respectively 

c. Q (I _ ;:) and Q (I _ .~2 ) . respectively 

Q R2 Qr2 
d. r 2 + R 2 and r2 + R 2' respectively 

17. The potential at the common center is 
./2 Q(R +,) I Q(R+,) 

R. 71" £0 ( R2 + r 2) b. 2 1f£0 ( R2 + r2) 

d. 
Q(RH) 

C. 411'" t o (R 2 + r2) 

For Problems 18-20 
Suppose that the electric potential varies along the :c-axis as 
shown in the graph of Fig. 3.96. Of lhe intervals shown (ignore 
the behaviour at the cndpoints of the intcrvals) 

18. The intervals in which the magnitude of electric fie ld in 
x-direction is maximum are 

a. - 4 ~ x :5 - 2 and 3:5 x :5 5 
b. -6 ~ x :5 - 4 and 2 ~ x=,,3 
c. - 2:::: x =,,3 and 5 :::: x :::: 7 
d. -6:::: x =" -4 and 5 :::: x :::: 7 

19. The intervals in which 'the magnitude of electric field in 
x -direction is minimum are 

R. -4 ::::x =" - 2 and3 :::: x ::::5 
b. -6:$ x=,, -4 and2 :$ x :$ 3 
c. -2 :$ x :$ 3 ond5 :$X:5 7 
d. -6 :$ x ::::-4and5 :$ x::::7 

20. 

Electric Potential 3.29 

...• ,.! . .. ~ .... X.(i1!hJ; ,,"~. 

b>-' --'-_~:(' .~.\ 2 .. ... .. " 

! .. --: ... ~ .... 

. j . ...... , . . ., .. ,,~ 
I I 

''' j ... : ... j 

.. : ... i ... , ... i. . 
I I 

6 
. , ! . • "7 ' 

1/ X CtnCifC) : 

1 i 4, i 6: :8 
. . .1" .... : ···1 .. .. 

.. , ' ..... ..' '" ... ~.:.' i; -.;.-'"". ~,"-_!'~ . 

.. ; .... , .. ~ .. . 

Fig. 3.96 

The graph betwccn Ex versus" will be 
E •• 

b. 

,. 

d. 

. " . < ... : .. ' ... ' .. ,'.. .; . ,', . .... . , . I"':· . .' .. . :" 
1 1 1 1 1 1 ! I I 1 I I I I 
I' ' 1"' 1 " 1 ' ·t · I " " 1""" 1' '' 1 ·t .. ·, " I"" "' : . 

L I ... I ... 1.! .. I .. 6·: .. ·t .. U .. I .. . I .. .t. .. / ... : .. 
, , 1 • •• •• I I • I 1 1 ; 

.. . , . ........- '. .. . ~ .. + . ............. ! ,,·1 .. 

.... : : • : I l it , , , , :x 

.. ·; · i~ · l ·'7·i .. ·I~ ~ " I· ·~ ~ · ~·t ·· l 4. : . ·:·t>·j ·t ·81 
:· ··: .. I··· I .. ·: .. -:- ·· ~ ·· ··&··H·J + .-} ·}· ··l" ~ .. 

·':' · 1 .. ·1· ·1 .. ·: .. +· .:.+ ~ ... : .. : ... : '1.' : .. ' 
I " 

... ,. .; ..... , ...... , .. . E .; .• :- .. .;. ", .. ~ ... : .. i .. 1 ... 
1 , , , ' I I 1 r 1 r 1 1 1 

.. t·· ,· · " ' 1 ·t .. ,· ·· "' r " I I"' " . , ,,. , ' ·1 " 1''' ''' 

.. 1 .. : .. 1 .. : J. I .. 6·1 "I .W .1 .. .1 .. 1, .1. .. :. 
, I , , , I C 1 , , 1 , , 1 

"·l· ~"i·~"l'·~· ~'·~'~··tt;~t:t··~'·~"~'·~·~'~"~·· "~·"l·~ .. J"~' ~'" , , I , , I , , I I I : 

• : '6' _1 ' - ; ' 0 ' 21 1' 4 ; '. ' ;I . ~!.. L .. : -::, F T r -:7 " 1'" ~ '3 i " + " "' l ' .v ;- , . 
... ~ .. +-+-, . ,f ++. ·fJ ·· H ·: ++'}'+'i'" 

• " " •• , . , I I , ... : .. ~ ... ~ ... ~ .. , "f .:.. "'! "': " ~ .. • ' T T' ~" ' ! ..... 

.. . ; .... . , ... ; ,,' .. ; .. 
, J I • 

... · .. 1·'· 1· . , ".:," 

'" ...... ~-4 .1. :.: 
, , 1 , 

..• 1 · ·I .. · ! · · · I .j .. I · . , , , , 

. ' ig.3.97 
For Problems 21-23 
In moving from A to B along an electric field line, thc electric 
field does 4.8 x 10- 19 J of work on an e lectron in the fie ld il· 
lustrated in Fig. 3.98. What are the differences in the electric 
potential ? 

21. The potenti al difference VB - VA is 

R. 3.0 V b. -3.0 V c, 2 V d. zcro 
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• 3.30 Physics for IIT.JEE: Electricity and Magnetism 

Fig. 3.98 

22. The potential difference Vc - VA is 

a. 3.0 V h. - 3.0 V 

C. 2 V d. zero 

23. The potential difference Vc - VB is 

a. 3.0 V h. -3.0 V 

c. 2 V d. zero 

For Problems 24-25 
Refer the uniform e lectric field shown in Fig. 3.99 . 

A.----------,B , , 
• 

---i-: ----.;---'-' "m,.~ i - 20 VIm , , , , 
C'- - - - Lrrt ___ 'D 

• 
Fig. 3.99 

24. The potential difference VA - Vc is 

a. zero b. 20 V c. -20 V 

25. The potential difference VA - VD is 

a. zero b. 20 V c. -20 V 

For Problems 26-28 

d. 20./2 V 

d. 20./2 V 

The electrical potential function for an electrical field directed 
parallel to the x-axis is shown in the given graph in Fig. 3.100. 

V(volt) 

20 --.--------

10 

_~2~----~O----*2--~4----~'--~m) 
Fig. 3.100 

26. ,The intervals in which the magnitude of electric field in 
x-direction is 'maximum are 

27. 

a. - 2!: x !: 9, 4 !: x .:s; 8 and ° .:s; x .:s; 2 
b. - 2!: x . .:s; 0 and ° .:s; x .:s; 2 
c. -2 !: x.:s;O, 2 .:s;x.:s; 4and4.:s;x.:s;8 
d. O!: x .:s; 2and4 .:s; x.:s;8 

The magnitude of electric field in x ·direction in the fnter
vaI4 !: x .:s; 8is 
a. 2.5 NC- 1 h. 5 NC- 1 

c. - 2.5 NC- 1 d. '-5 NC-1 

28. The graph between Ex versus x will be 

' .. ( .. . 

4' : 6' : 8' 
:r· 

0 )1 .. ·of · 1 'I .•. .... 

".'" -~ .. I .. !. + I + , , , , , 
.. : ... ~ .. T .. , .. · · · ·r , , 

.. : .. ( .. 

.. , .. 

Fig. 3.101 
For Problems 29-30 
A unifonn electric field of 100 Vm- 1 is directed at 30° with the 
positive x · axis as shown in Fig. 3. 102. OA = 2 m and OB = 4 m. 

• 
o o· 

A 

Fig. 3.102 

29. The potential difference Vo - V A is 

a. 100,/3 V / b. 200,/3 V 
c. - 100,/3 V d. -200,/3 V 

·30. The potential difference VB - V A is 

a. -100 [2+,/3] V b. 100 [2+,/3] V 

c. 100 [2 - ,/3] V d. -100 [2-,/3] V 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



For Problems 31-34 
The electric potential varies in space according to the relation 
V = 3x + 4y. A particle of mass 0.1 kg starts from rest from 
point (2, 3.2) under the influence of this field. The charge' on the 
particle is +111C. Assume V and (x, y) are in S.r. units. 

31. The component of electric field in x-direction (Ex) is 

a. 3 Ym- 1 b. 4 Ym- 1 

c. 5 Vm- 1 d. 8 Ym- 1 

32. The component of electric field in y-direction (Ey) is 

a. 3 Vm- 1 b. -4 Ym- 1 

c. 5 Vm- 1 d. 8 Vm- I 

. 33. The time taken to cross x-axis is 

a.20s b. 40 s 

d. 400 s c. 200 s 

34. The velocity of the particle when it cross the x-axis is 

a. 20 x 10-3 ms- I b. 40 x 10-3 ms- 1 

c. 30 X 10-3 ms- I 

For ProblemS'35-36 

d. 50 X 10-3 ms- 1 

Three concentric spherical metallic shells A, Band C of radii 
a, band c (a < b < c) have surface charge densities a, -a and 
a, respectively. 

35. If VA. VB and Vc are potential of .shells A, Band C, 
respectively, match the columns 

Column A Column B 

a. VA i.~[a2-b2+c2l 
'0 c 

b,VB ii.~ [a
b

2 
-b+C] 

... a 
c. Vc lll. -[a-b+cl 

'0 
36. ~fthe shells A and C are at the same potential, the relation 

between the radii a. band C is 
a. a=b+c b. c=a + b 

c. b=a + c d.2a=b-c 

• (IIT-JEE, 1990) 

For Problems 37-40 
We have an isolated conducting spherical shell of radius 10 cm. 
Some positive charge is given to it so that resulting electric field 
has a maximum intensity of 1.8 x 106 NC- I . The same amount of 
negative charge is given to another isolated conducting spherical 
shell of radius 20 cm. Now, first shell is placed inside the second 
so that both are concentric as shown in Fig. 3.103. Now. answer 
the following questions. 

37. What is electric potential at any point inside the first shell? 

a.18x104 y b.9xlO4 y 

c. 4.5x 104 Y d.1.8x104 v 
38. What is electric field intensity just inside the outer sphere? 

a. 4.5x 105 N/C b. 9x 105 N/C 

c. 4.5x 104 N/C d. 5x 104 N/C 

39. 

40. 

Electric Potential 3.31 

Fig. 3.103 

What is the electrostatic energy stored in the system? 

a. 1.0 J b. 0.045 J 

c. 0.09 J d. 1.8 J 

What will happen if both the spheres are connected by a 
conducting wire? 

a. Nothing will ~appen 

b. Some part of the energy stored in the system will 
convert into heat • 

c. Charge on both spheres will be positive 

d. Entire amount of the energy stored in the system will 
convert into heat . 

Matching 
Column Type Solutions on page 3.46 . ' . . 

1. Match the entries of Column I with entries of Columtrrr. 

Column I . 
Column II 

;. E) HOliOW 
q. "- -- ~ -- .. . ~ ' neuuif -a. E inside the conductor 

, \ conductor is zero. 

0 ' II. '. ~. Hollow 
b. I E I 'inside the conduc-t eq -- neutral 

l' conductor tor is constant but not 
zero . . 

iii. @ HOliOW . -.--- ---.. '~ neutral c. I E I inside the conduc-
ql q2 • .,. .conductor tor is varying. 

@ iv. 
,: • " . . Hollow 

.--- --- .. . ' neutral e. Potf{ntial inside the 
q! . q2 conductor conductor is same as 

that of conductor. 

d. Potential inside the • conductor is varying. 
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3.32 Physb for IIT-JEE: Electricity. and Magnetism 

2_ Column I shows four hollow metal spheres each with in
ternal radius a and external radius h. You have to match 
these charge distributions with its corresponding E-graph 
and V -graph in Column II. A point charge of +Q or - Q 
is present at the center of the spheres (in figure (iii), there 
is no charge at the center of sphere). The charge indicated 
on the spherical shell itself is the net charge on the shell, 
that is, any induced charge distribution is not shown. Also, 
th,e label for the net charge on a conducting sphere does 
not necessarily indicate ~he actual position of the charge 
on or within the conductor. 

Column I Column II 

QQ E 
',v, , 

L 
, .. . ~ 

i. .. +Q 
• ~~' r E _·_ V_ 

,! 'b i 

, 

Q 
E 

. · . lL, · . 
II. · , b. 

"., +Q 
E_V_ 

a b ";';'. 

E 

cor ~, . ., 
iii. ,. 

. .. 
E _' _ v _ , b 

. , ,,, . .. -',.' -, "', .' -~ . 

iv. 

Q2Q 
d. 

.Q f'---- , 
E_V_ ' • b 

/ ,t, 

V 

,. , 
~ - /Ti' b , 

, b 

V 

r. ;L, 
, 

, b 

Column I Column II 
,I . , . V 

" L .. 
. , <' g. 

.:, ~ " ,I' r , , ." 
r: ',.' , , b 

.. 
V 

, ;L, ." h. 
. 

., 
, b 

3. Fig. 3.104 shows three concentric thin spherical shells A, 
Band C of radii R, 2R and 3R. The shell B is earthed and 
A and C are given charges q and 2q, respectively. If the 
charge appearing on surfaces 1,2,3 and 4 are ql , q2, q3 • 
and q4, respectivey, then match the following columns. 

~--_4 

3 

-----8 
c 

Fig. 3.104 

Column I Column, II 

• " , 2 . ,f(')' -, ';' 
i. ~ , a.\ 3' q , 

" ,!;", ,: .. , 
., .. , 

ii. K~ , 
q, 

I I, 3 
q 

4 , 
iii. q3 " ., c. -: 3' q . , , ,., 

iv. q, d. - q . 
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Electric Potential 3.33 

ANSWERS AND SOLUTIONS 
Subjective Type 

dV 4 - 2 
1. Ex = - dx = (6 4) 10 2 = -100 Vm-

I 

dV 2-4 - I 
E), = - dy = (2 _ 1) 10 2 = 20G Vm 

2. 
E 

10 ~ , , 
5 

, , 
2 

, , 
" ) :2 ) :4 

- 5 
, , 

-10 

Fig. 3.105 

3. Length of cube diagonal = --/3 b 
Distince of center of cube from each comer, 

,~ ~b 
2 

Total P,E. of charge q at the center 

8q(-q) _8q2 _4q2 
= = 

411'801' 47r80..J3(bI2) 1I'80..J3b 

4. If I' is the distance of the charge 2 from the point of obser
vation, then 

E ~ _I_Q ~32 
411' 80 r2 

and V = _1_ Q = 16 
411'eo I' 

Dividing eqtlation (ii) by equation (i): r = 0.5 m 
Putting value of r in equation (ii), we get 

Q = 16 x 0.5(9 x 109) = (8/9) X 10-9 C 

(I) 

(ii) 

S. Let V, be the potential energy of system I and VI/ be the 
potential energy of system II. 

Work done = Change in P.E. = V" - V,. 

q--- -------- , -q q-----------,q , , , , , , , , , 

, , , , , , , , , , , , , 
- q ,--- - - - - - - - - ' q 

Syslem J 
- q '- - -- -- - - - - - , - q 

Syslem" 

Fig. 3.106 

4q2 2q2 
V,= --- + . 

47r80Q 47r£0V2a' 

w-.-L (-4 +4)' 
- 411' eoa V2 ' 

q' 
W~ --(4 -2h) 

411'80Q 

6 . f 1 q . Potential 0 a drop, V = - -- -
47re08, I' 

q = 47r£08r l' V 

Total charge Q = nq = 411itot,rVn 
(n = total no. of drops) . 

4 4 R3 
Also, -11' R3 = n x _ 1(1'3 => n = - 3 

3 3 , 
Hence, potential of hollow conductor, 

V' = __ 1_ Q ~ __ 1_ . X 47r£08rrVn 
47r£0£, R 47reoer R, 

= i x v x (~:) 
. 2 

=> v'~m V 

7. As potential energy of two point charges separated by ~_ dis
tance r is given by V = (qlq2/47reor), the initial and final 
potential energies of the system will be 

. I q2 (O. IP 
(Us), = 3 x -- - = 3 x 9 X 109 

X - - = 2.7 X 108 J 
411'80 r 1 

1 q2 I q2 q2 8 ' 
(VS)F = 2 x -- -- + -- - = 5 x -- = 4.5 x 10 J: 

411'eo (1'/2) 411'80 r 41reol' 

A D.le 

B' 
," 

B'~"_'_"_"_'_" __ "c 
D,le O.le 

Fig. 3.107 

So, work done in changing the configuration of the sys· 
tem 

W = (Vsh· - (Us)/ 

I.e., W:= (4.5 - 2.7) x 108 1. 
Le.,W=1.8x\08J . 

Now, as energy is supplied at the rate of I ~w, i.e., 103 Js- 1, 

time required to do work W is given by 
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~.34 Physics for IIT-JEE: Electricity and Magnetism 

W 
1= ~= 

P 

1.8 x [if! 
103 -= 1.8 x I05 s =50h 

, I V ~ __ 
4)'(60 [ Q' +~] 

R ~R 

2/aqu 
8. u = 

11/ So 
Q, 

9, V, ( "') I (-Q') 
VI' = Vhig,in + 2V,mall. olll = 2 I - RI2 + 2 4;'<;0 -,-,-

R R 

( 4 ) 7r R3 P 
Vs = _1_ - Qbig = _1_:3 = pR

2 

4JT€o R 4JrBo R 3£0 

Vi- __ pR
2 

[I _ .i]_..!. (5 X 10- 2
)2 

. b,g,m- 3 R'- 3 
EO rr cO 

• <j 
Vbig , in = - X 10- 10 V 

"'0 
4 

p_rrr3 
I 3 

V,maiL ()ul = -2. -4- - -'-,-
7Teo /' 

-. , 2pr3 2.1 (I x 10-2)3 
.=--- = - X 10-6 

, ., 3£01" JT3so x 5 x 10 2 

~ __ 2_ X 10-- 10 V 
lSJrso 

. Hence, Vp = - - -- x [ 3 2] 
](£0 157rso 

10- 10 

= ~ X JO-IOV 
45rrso 

Fig. 3.108 

e 
" p 

Electric field at P = Ep = Ehjg, in + 2Esrnnll. out 

E- J Qbig 2 1 Q,,,,all e <,,= - - --" - - --- -cos 
47<£0 R~ 47<£0 r,2 

4 X 10-)1 4 X 10-8 

37< £0 275m::o 

272x4x 10- 8 I 
1£,,1= Vm-

275 X 37<eo 

O. Work done = charge X difference in potential 
. Let the particle mo'vcs from 0 to 0' (Fi"g. 3.109) 
.'. Potential at point 0 is 

V - I [Q' + Q,] 
- 471"so R ..fiR 

_and potential at point 0' is 

o 

• R 

Fig. 3.109 

Difference in potential 

t:..v=v- Vi 

0' 

• 

4JT60 [il' + .ih..] __ I [Q, +~] 
R --.fiR 4JT€o. R -/2R-

4JTEo [ .!.(Q, - Q2)+ I_(Q, - Q,)] 
R ~R' 

4](60 

W.d. ~ q"- V ~ q_l- [(Q, - Q,) (~_ I)] 
41/"£0 ,.fiR 

~q (Q, - Q,) (~- I)/~R x 4rr,o 

11. The potential of B should be zero (Fig. 3.110), 

I 
Vn = 0;--

47<£0 

_--..... q' (2q + q) 

if q 

Fig. 3.110 

[
.!L _ .!L !L _!L 2q +q']_ 
2R 2R + 2R 3R + 3R - 0 

12. a. Potential of shell A, 

VA = Vdue to charge on A + Vdue to charge on n + Vdue 10 charge on C 

~o+-Q---Q-
47<£ob 47<soc 

Potential of shell B, 

VB = Vduc to charge on A + Vdue to charge on B + Vdue 10 charge on C 

Q Q =0+-----
4Jl"£ob 4Jl"eoc 

Potential of shell C, 

Vc = Vdue 10 charge on A + Vduc 10 charge on B + V<.Juc to charge Oil C 

Q Q 
=O+-----~o 

4Jl" £()C 4Jl"EOC 
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~- - " ~ ~ --0-;;;0 I 
~ ~ .. -- ---- -. . , , 

b. Let the c.harge on inner shell be q', after inner and outer 
shells are connected by a conducting wire. The final charge 
distribution is shown in Fig. 3.1 11. The wire connection 
equalises the potential of the two shells . 

q' - - (413)q 

q r~ 

D -' 'i> (213)q 

$'~ 
~ 

Fig. 3.111 

~L +.-iL _ .-iL 
411' Goa 4Jl'tob 411" Eoe 

(i) 

Similarly. Vc = Vdue 10 ch~rgc on A + Vcluc 10 ch" ,!!c On B 

+ Vdw t() cIIargc on C 

q' Q q' Q 
--+--~-- +-- (ii) 
4if 60G 4lT60b 4.tr eoc 4JfeoC 

o,q ' ~ _ Qa [C- b) 
b c - a 

Charge on B, Q" = Q - q' + q' = Q [shell 8 is iso
lated and sum of induced charges is zero] 

Charge on C, 

Q,.~ _Q+ q' ~_Q+ Qa[~] ~ QC[ C---,,- ] 
b c-a b c-a 

If charge q' appears on the inner shell, an equal magni
tude, opposite sign charge must appear on the outer shell in 
accordance with the law of conservation of charge. 

13. a. Let the charges on A and C be ql and Q2. respectively (Fig. 
3.112). From conservation of charge. we have 

ql + q2 =0 

Fig. 3.1)2 

Hence ql = -q2 
Since A and C are connected by a conducti ng wire. so 

they have same potcntial. 
VA = p01cntial of A 

1 ql I Q q2 
~ - - - + - - - - + - - - -

411"eo R 4Jt'eo 2R 411"eo 4 R 

gel 

Electric Potential 3.3,5 

Vc == potential of C 

~ _I_ i!.. + _1_ ,£ + __ '!2. 
411"eo 4R 4JTco 4R 411" 60 4R 

• 
Equalizing thc potentialS of A and C. i.e., VA = Ve , we 

1.:.+.£+ CJ2 = i!..+R+ l/2 
R 2R 4R 4R 4R 4R 

or4ql +2Q=CJl + Q 

q, ~ - Q/3 

Hence, q2 = Q/3. 

1 [-Q Q Q] Q 
b. VA = 411" 60R - 3- + '2 + 'i2 =; ~1 6-'-rr-",'---,7.R 

I ql 'Q 1· q2 
VB = --~ + --~ + - - --

411" 602R 41t60 2R 411"£04 R 

1 [-Q Q] 5Q 
= ' 811"60 R 3 + Q + '6 = 487rEoR 

14. When K I is closcd first time. outer sphcre is earthed and thc 
potential on it becomes zero. Let the charge on it be q; . 

V: = Potential due to charge on inner sphcre and that 
due to charge on outer sphere 

v, 1 [q q;] 0 ' 
,~ -- -- + ~ = orql =-q 

411' £0 2R 2R 
When K2 is closed fi rst time, the potential Vi on inncr 

sphere becomes zero <I S it is earthed. Let the new charge on 
inner sphere be qi. 

o~ _(_q~ + _ I _(- q) 
411" 60 R 4n6o (2R) 

Now, when K I will be closed second time, charge on 
outer sphere will be -q:i. i.e., -q/2. 

After onc event involving closure and opening of KI and 
K2, charge is reduccd to half its initial value. 

Similarly, whcn K I will be closed I/Ih time, charge on 

outer sphere will be - ~, Us each time charge will be re-
2"-

duced to half thc previous value. 
After closing K 2 11th ti me, charge on inncr shell will be 

negative of hal f the charge on outcr shell. i.e .• (+q/2" ) and 
potential on it will be zero. 

For potential of outer shell, 

Vo = 
( +q/2") (-q/2"- ' ) 

4-rr- ,-o 2 R + 4- rr- ,-, '----"2"R'------'-

-q[-I +2) - q 
Vo = 411" 602"+ I R = ~4rr::-::,,~2~"~+T' R" 

Potential d iffcrence = Vo - Vi = -q , - 0 = - q 
. 4n602''+ R 4Jt'£O~"+1 R _ . 

IS. 3. Consider the situation Q is a positive chargc. The resultant 
force on q at A will be 

- - - -
FH = FI + 1'2 + IS 

1 q' 
Here, FI = F2 = - - -

411'£0 02 
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3.36 Physics for IIT-JEE: Electricity and Magnetism 

_ _ I .' ./3~_ 
So, (F1 + F2) = 2 x ~- 2" cos 30° = ---2 along 0 A 

4nso {/ 411" COO 
- 1 qQ 3qQ -::-'I: 

Whi lc F, = ~- ~ --- along 0 A 
. 4:rrco «(//..;3)2 4:rrcoa2 

B c 
Fig. 3.113 

So, FR = ~ [J3q + 3Q] along oA ( I) 
411" coa 

b.For Q = -q, 

F R = ~ [J3q - 3q] along oA 
411" co(/ 

FR = "J3q 2 [J3 - I] along AD 
411" co(/ 

i.e., the charges q at comers A, 8 and C will move towards 
the center O. 

c. Charge will remain stationary if FR = 0, which in the light 
of equation (I) is possible only if 

[(./3)q +3Q] ~ O.;'e .• Q ~ - (~) 
d. Potential energy of the system 

17. a. Let P be a point in the XY plane with coordinates (x, y) 
at which the potential due to charges -2Q and +Q placed 
at A and B, respectively, be zero (Figure 3.114). 

r 

;;f-(x.y 

-'y '" . " . " 
~/~ ' ,-

A ~ ':'2 \ B 
+-~~~~~~----+x 
X' (-3a. 0) 0 +x+' +Q C 

.(3a+x) 

y' 

(3a , Ol5a, 0) 
+-+ 

(3a-x) 

Fig.3,1l4 

K(-2Q) K(+Q) 
~~"S'~ ~~===,' 
J(3a+x?+y2 J(3a X)1+y2 

2)(3a - X)2 + y2 = )(3a + x)2 + yl 

=> 4 [(3a - xl' + l] ~ [(3a + xl' + l] 
4 [9a2 + xl - 6C1x + l] = [9a2 + x 2 + 6ax + l J 

3Xl + 31 - 30ax + 27a 2 = 0 

x 2 + l- lOax + 9a2 = 0 

{x - 5a)2 + (y - 0)2 = (4a)2 

This is the equation of a circle with center at (Sa, 0) and 
radius 4a. Thus, c (Sa, 0) is the center of the circle: 

( /) 
b.Focx>k 

u = ~ x ~I_ '"" qjqj = ~I_ [3 4 x q 3q -q v'3 ] = 0 . To fi~d Vex) at any,point on x-axis. let .u~ consider a 
2 47l"so ~ rij 4.rr So a + (a/./3) pom~- (arbitrary) M at a dIstance x from the ongm. 

' ;O J The potential at M will be 
And for fin ite charge distribution potential energy at in- K( -2Q) K( +Q) 1 

finity is always zero. Vex) = x + 3(1 + ex _ 3a)' where k = 4JrEo 

W=UF-U,=O-O=O [I 2] 
16. If the ball has to just complete thecircle then the tension must Vex) = K Q x _ 3a - x + 3a (For Ix l > 3a) 

vanish at the topmost point, i.e., A 
From Newton's second Jaw 

(P IIlV 2 

72 + 1118 - ~- ~ -
4n cO{2 { 

AI the topmost point, 12 = 0 
q2 IIlV2 

:.lIIg --~-~ -
4)T el2 I 

From energy conservation 

Energy at lowest point = Energy at topmost point 

I 1 
21111/2 

= 21111/ 2 + IIIg2! 

v2 = 1/
2 - 4g1 

q' 
From equation (ii), v2 = gf - ~'---; 

411"£0111/ 
From equation (iv) and (v), 

1/ = 5g! _ q2 = ( 2785 ) 1/2 = 5.86 ms-I 
4:rrsollll 

(i) 

(ii) 

(iii) 

(iv) 

(,) 

Similarly, forO < Ixl < 3a, 

Vex) ~ KQ [_1_ -_2_] 
30 -x 3a +x 

Since circle of zero potential cuts the x-axis at (a, 0) and 
(9a, 0), hence Vex) = 0 at x = a at x = 90. 

From the above expressions 
Vex) -+ 00 at x -+ 3a and Vex) -+ -po at x -+ -3a 

Vex) -+ 0 aSK -+ ±oo 
I 

:::} V (x) varies as - in general. 
x 

(e) Applying energy conservation, wc get 

(K.E . + P.E.)cenlcr = (K .E. + P.E.)circumrcrcnce 

O+K [Qq - 2Qq ] = ~mv2+ K [Qq - 2Qq ] 
2a 8a 2 6a 12a 

I KQq 
_!nvl = 
2 4a 

1 (Qq) 
4](£0 2ma 
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18. 

19. 

V(x) 

99 

Fig. 3.115 

Potential at the center will be - -1 (I I) 
47t£o -;; -;; 

Now, tot~1 work done in removing the entire charge from 
o to infinity ' 

q 
~ -- (~ _ ~) dq = _1_ 

a b 4Jr Eo 

8Jr£o G-D 
Let the particle be, at some instant, at a point P distant x from 
the origin. As shown in Fig. 3.116, there are two forces of 
repulsion acting due to two charges of +8 mC. The net force 
is 2F cos 0: towards right. 

Similarly, there are two forces of attraction due to two 
charges of -I j.lc. The net force due to these force is 2F' cos f3 
towards left. 

The net force on charge 0.1 IlC is zero when 

+W + 8mC 

+& - 1 m 

F' 
0 

Feas 

-# F' 
-lmC 

-w +8mC 

+0.1 m 
Feos a 

a X 
p Feos a 

Fig. 3.116 

2Fcoso: = 2F' cos f3 
K x 8 X 10- 6 X 0.1 X 10- 6 x 

x---r=~ 

K x 1 

~ yX2+ "2 
J;27 
yX~ +"2 

X 10-6 x 0.1 X 10- 6 X 
X 

F~ jx2 +~ 
8 

[ 3]'/' x 2 + -
2 

20. 

21. 

Electric PotentiaL 3.37 

~ 4(X2+~) = x2+ 2; 

3x2 = 27 _.!3: ~ x = ± rs2~ 
. 2 2 Y 2 
This means that we need to move the charge from -0' 

to fl. Thereafter, the attractive forces will make the charge 

move to origin. 

The clectric potential '1f the charge at x = fl is 
2 "~x~9.::x:..;;1 O~9~X;;8;X:..c:iO~-_' V= -

j~ + 27 
2 2 

2 x 9 X 109 X 10- 6 

j~+~ 
2 2 

=2x9x 109 x 1O -6[~ _ ~J=2.7X 10
4 

V 

Kinetic energy is required to overcome the force of repu lsion 

f5' 
from 0::. tox = Y 2· 

The work done in this process is W = q (V), v:here 

V = p.d. between 00 and x = fl· 
K.E. = 0.1 x 10- 6 [2.7 X 104 

- 2.4 x 10] 

=0.1 x 10- 6 x 0.3x 104 =3x 10-4 1 

Iq2[33 I] ' 
WO'lcrnal = D. PE = 4Jrso --; -"] + ...fi - ..J3 x 4 

I q2 4 
~ -- x - [3.13 - 3'>"6 -./2] 

4Jr Eo a .J6 
(JI (12 

E I = -, E2= -
2sl \ 2Eo 

E = EI - E2 = 

a, 
s, 

E 

" 
~E 

~:-
2-
n 

s, 

14 d 1>1 

Fig. 3.117 

a 
W =qOEx../i 

1I1=i ,n2=../i, i=45c,r='? 

22. a. Force exerted by upper charge on dipole: 

FI = _1_ pq (down) 
2Jr£o (/3 
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3.38 Physics for IIT-JEE: Electricity and Magnetism 

Force exerted by left charge on dipole: 

1 pq 
F2 = -- - (up) 

4JTeo a3 

Force exerted by right charge on dipole: 

, 1 pq 
h = - - -- (up) 

4JTso a3 

Net force on the dipole due to all charges: 

F = Fl + F2 + FJ = 0 

Hence, net force on the dipole is zero. 
The total electric potential energy consists of interaction of 
all the three charges among themselves and interaction of 
these three charges with dipole. So, 

( 
1 q') 1 q' 

U = 2 4](£0 .Jia + 4Jrso 2a 

- p . Eup - p . Eleft - P . E'ight 

p. Ek>fl = P .' E,;ghl = 0 

(Because electric fields produced by left and right charges 
arc perpendicular to p.) 

_p . Eur = _p . (_1_ 2..) COSJT = __ 1_ qp 
4Jrso a 2 47TEO a2 

Putting the values, we get 

1 q' ['" 1 1 pq U=_·_- 2'.12+1 +---
4JTso 2a 4JTeo a2 

23. a. Charges at A, B, C and D are placed at equilateral position 
of dipole. Hence, force on each of them due to dipole: 

Qp 
F! = .. 

4lTeo (a/.J2r 

This force is downward on charges. Hence, force due to the'se 
charges on dipole is 4F! (upwards) 
Force on dipole due to charge at P: 

2pQ 
F2 = Q 2 (upward) 

4lTEO (a/.J2) 

. 3hQp 
Net force on dipole: F = 4FI + F2 = 1 (upward) 

lTeoa' 
b. P.E. of system 

U = (10 pairs of charged particles) + (5 pairs of dipole and 
charged particles) 
As potential energy of dipole with four charges at A, B, C 
and l3 will be zero, 

[ 
1 

U=4 --
4lTeo 

1 

47fEo (c. 

u~--~ 
2hn 

1 
1--

4lTEO 

pQ 

'lTeoa2 

24. Potentia! e~ergy of dipole system A and B: 
Potential at A! due to dipole at B 

• 2p cos 60° 

A, 
A - q 

A, 

'-CB~6~O'~-C ____ ~+q 
-q +q de 

Fig. 3.118 

Potential energy at AI = qV ... 

Similarly, P.E. at A2 ~ -q VA 

U I ,2=q(VAI - VA2 ) 

2pcos60° x q [I ll 
U AB = 47TEO (d _ a/2)2 - (d + a/2)1 

2pcos60"q 

Similarly, potential energy of system A and C and Band C 
can be calculated which is same as V il . Hence, P.E. of the 
system 

, 
1. a. K.E. = Charge x potential difference = qV 

w ML1T-l 
2, C. V = - = = ML2T-3A- 1 

q AT 
3. a. Electricity neutral means net charge zero. Potential of a 

neutral conductor mayor may not be zero. It also depent:ls 
upon the charge present on the surrounding bodies also. 

4. a. Negative charge itself goes from low to high potential. 

5. d. W = q(V, - V;) = o since V, = Vi 

6. a. Because electric field intensity is zero inside a spherical 
conductor. . 

7. b. The potential at the surface of a hollow or conducting 
sphere is same as the potential at the center of the sphere and 
any point inside the sphere. 

kQ 
8. b. Apply V = R when = Ze 

9. c. K.E.; + P.E.; = K.E., + PE, 

0+ q x 600 = K.E., + q x 0 

K.E., = 600 x. 10-8 = 6 X 10-6 J 
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10. d. Let charge on smaller sphere is q. As the potential of both 
will be same finally, i.e., 

q Q - q 

" , 
11. d. U = kqlq2 , 

kx4 kx2 
12. C.-- ~ --

I-x x 

=> 
Q,' 

q~-

r + r' 

:::}x= 
I 
-m 
3 

- 2).1C 

kQ 
13. b.E =-, 

x 

I x 

Fig. 3.119 

• 

15. b. f: is a vector quantity, V is a scalar quantity. 
"; dV . 

16. a , E = - -= negative of the slope of V -r graph. 
d, 

17. b. Weq = q (VA - VB) 

50 x 10-6 =2 X 1O-6(VA - VB) 

VA - Vs ::;=25 V 

IS. c. As potential at A and B is same, VA = VB = k J . So, work 

done in both cases will be same. 

19. b. U = f: k qlq2 . There will be 6 pairs, 4 on a side of square , 
and 2 as diagonal. 

20. d. A conductor is an equipotential body. Potential on it or 
within it is same everywhere. 

21. a. Potential decreases in the direction qf electric field. ... 
kQ kQ • 

22.d.V=---
c b 

Fig. 3.120 

kq, 

" " 

Electric PotentiaL 3.39 

q l 1'1 

q2 1"2 

q l + q2 = Q 
From (i) and (ii), we get 

Q" 
ql=-

/'1 +1'2 

. kQ 
. Putm VI , we get Vc =-

I"I + r2 
24. d. V is a scalar quantity, E is a vector quantity. 

25: a.dV = -Edrcosf} 

(i) 

(ii) 

• 

' 'Along the line of force. f} is 0°. hence dV is maximum. 
So, the variation of potential is maximum along the line of 
force. 

26. b. Charge will induce on A but total charge on A will remain 
zero. Negative charge of A will be more closer to B than 
positive charge on A. SO potential of B will decrease. 

AO- O"B + - + + 
+ - ' +++ 

Fig. 3.121 

27. a. Their potential will be same. VI = V2 

kql kq2 ql RI 
- ~ - =>-= -

RI R2 q2 R2 

El _ kql/Rr _ ql (R')' 
E2 - kq2lR3 - q2 Ii; 

= :~ (~~ Y ~~ 
2S. d. F = qE. W = qE x 2cos60~ 

I 
=> 4 = 0.2 Ex 2 x 2: => E = 20 NC- 1 

29. c.d= IOsin30o= 5cm 
LlV 30-20 _\ 

E = -:[ = 5/100 = 200 Vm 

Direction of electric field will be in the direction of de
creasing potential. . 

30:~. WeI. = q(V; - Vj) 

31. b. 

:::} 6.4 x 10- 19 = - 1.6 X lO- I\VA - Va) 

=> V",-VB=-4V 

VA - Vc = -4 V(": VII = Vc) 

Vc-:- VA =4V 

k x 2 X 10-6 k X 4 X 10- 6 

VI = + -7,ii~~i'c:", 
0.1 /(0.1),+(0.5)' 

V
2 

= k x 4 x 10-6 + k x 2 x.10- 6 

0.1 /(0.1), + (0.5)' 

Work done = Q(V2 - Vd '= O.72J 
32. d. Q = nq. R = 1I1/3r t 
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3.40 Physics for IIT-JEE: Electricity and Magnetism 

kq kQ 
E small = (I' E big = R2 

knq · .:.... ( 'ii3) kq _ 1/3 
'/32- n. 2 _n E.mall n , , 

kq kQ 
V.mall = -, Vbig = -, R 

. _ knq _ 2j3kq _ 2/3 
Vo'g _ - 'I' - n - - n Vsmall 

n "r r 

33. a. We know that any cxtra charge resides on the outer surface. 
Finally both will be at same potential. It is because both are 
connected. 

34. d. Equipotential surfaces are perpendicular to the electric 
lines of forces. 

Q Q 
35. h. VA :::: --, VB = --

4:rreoa 4:rreob 

W = q(V ... - VB) = q Q [~- ~l 
4:rreo a b 

a 
36. d. E = - ~ does not depend upon radius if (1 is constant. 

" 37. a. V = E R; .If R is doubled, V also gets doubled. 

38. b. Electric intensity inside is zero, whereas outside it is not 
zero. 

39. d. Potential decreases in the direction of electric field. So it 
depends whether the lines of forces are from A to B or from 
B to A. 

40. c. Apply conservation of mechanical energy between point Q 

and b: (K.E. + P.E.)o' = (K.E. + PE.)" 

k(3 x 1O- 9)qo k:::(c.3-.::x;-,I,:;0,--9l:)q~, => 0 + -
. 0.01 ' 0.02 

I 2 k(3 x 1O-9)qo k(3 x 1O-9)qo 
= -mv + -

2 0.02 0.01 

Put the values and get: u = 12../T5 = 46 mjs 

41. b. U ~ kqQ _ kqQ + kq' ~ 0 => Q/q ~ 1/4 
r r 2r 

42. h. Find potential at A and C due to charge at B, then required 
work done is W = q(V ... - Vc) 

43. c. Apply conservation of mechanical energy 
a 

44. a. lOOe = -d. Solve to get the answer. 
2" 

45. c. k
x

Q 
= ~ (~k~) :::} x = 4Rj3 

Distance from surface: x - R = Rj3 

46. d. All the charges are placed in x-y plane such that they form 
a square 'wit~ origin as its center. So electric field at the origin 
will be zero. 

47. d. It depends whether both charges are of same or opposite 
sign. 

48. a. Because work is to be done by an external agent in moving 
a positive charge from low potential to high potential and 
this work gets stored in the form of potential energy of the 
system. Hence, it increases. 

49. b. Electric field will do the negative work, because the force 

50. 

51. 

of electric field is opposite to the displacement. So external 
agent has to do positive work. So ils energy will be used. 

d. a. is wrong because force will be same, but acceleration 
will be different because masses of eiectrons and protons arc 
different. 
b. is wrong, because at a point there can be only one potential. 
c. is wrong, because charge lies on the outer surface of a 
conductor always. 

d. is correct because, the whole conductor will be an 
equipotential body. 

kQ kQ 
c.-~ 

4xI r +XI 

+Q 

y 

Fig. 3.122 

, 
XI = -

3 
kQ k Q 

4X2 r-x2 , 
X2 = -

5 

dv 120- 80 _ I 
52. c. Ex = - = = 20 em 

dx 2 
There may be y- and z-components of field also. 

53. a. U ~ kq' H + J,.d - lJ 
+kq' H + J,.d - lJ +kq' H + ),d - lJ 
+ kq2 ( - ~ + ~d - ~d) + kq2 (-~ + ~d) 

54. c. Fe = mg tane 

= (1.20 X 10-3 kg) (10 ms- 2)can (3T) = 0.0090 N 

(Balance forces in x - and y-directions.) 
Also: 
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Vq 
Fe= Eq = d 

v ~ Fd ~ (0.009 N) (0.0500 m) ~ 50.0 V. 
q 9.0x10 6 C 

55. a. (0- ~mv2)=q(6V) 
(~mv~ - ~mv2) = -q(6v) 

v~ = 2 ! } 

VI = ' :' v 

~I'---"----------~ 
o 
p 

o 
Q 
j+--al2 

Fig. 3.123 

56.a.W=F.r=qE.; 
57. c. V,\ = VI + V2 

VA = 4:EO (~- .JRli+a1) 

ij- -- -

, , , 
r : ~~~~ --, -- , -- , 

-- -q 
, , , , , 

__ _ ~~: ___ _ __ J __ _ __ _ --' 
A B 

I~ ~I 

Fig. 3.124 

1 q 1 q 
VB =- --+----

4Jr R 4Jreo r 

V,\ - VB = ~ [~- ~l 
4Jreo R r 

}"2= R2+a2 

r .. ..Jli.2+a2 

2q [[ [ 1 
VA - VB= 4Jreo Ii - .JR2+a1 

58. a. V(x ,y) - Vo = -fox Exdx - foY Eydy 

=> V(.<,)") = Vo - Exx - E)"y 

59. c. V = k !L _ k q + k q = k q [1 - ~ + ~l 
R 2R 3R R 2 3 

6-3+2 k 5q 
6 = 6R 

Electric Potential 3.41 

'q 

q. 3R 

-q 

Fig. 3.125 

[ 
f f f] 

VB - V,\ = - f Ex dx + f Eydy + f EZdz 
, , , 

V, - VA ~ - [! 2dx + 13dY] 
Vo - VA ~-[2(2- [)+3(1-2)] 

VB - VA =-[2 - 3] = 1 V 

Hence, V,\ - V H = -I V 
dV 

61. d. Er = ---d, 
Ex = -4x 

Electric field at x = 2 m 

Ex = -8 NC-1 

E = -81 NC-1 

62. c. Dotted lines will give the direction of electric field as in 

Fig. 3.126. 

y(em) 

• • 
_+-_-'I-i.;;Q;;ll:,*~--- x (em) 

, , , , , , 

Fig. 3.126 

Distance between equipotential lines 

6.r = 10 cos 60<> = 5 cm 

lEI = I ~~ 1= 5/\~0 = 200Vm-
1 

E = lEla =200[-cos60<>1+sin60o]J 

- [[, .;3'J E=200 -zi+Tj 
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, ' , 

3.42 Physics for IIT-JEE: Electricity and Magnetism 

E = 100 [-i + v3j) NC- I 

63. b. Equipotential lines are concentric circles, 
These pattern of equipotential lines should be due to 

point 'Charge at the center of circles. 
Let us consider few equipotential lines 

1 if q 
20=-- =>--~6 

4Jl'co 30 x 10 2 4Jl'co 
'q q 

60=-- =>--~6 
4Jl'co 10 x 10 2 4Jl'co 

For point charge, electric field should be in radial direc
tion. 

I q 6· 
The value is E = -- 2' = 2' (Vm- I ) 

4Jl'so r r 
64. b. +Q Charge will flow into earth. 

Q -Q 
B 

Fig. 3.127 

kQ kQ 
Vc=---

, b 

kQ kQ 
VA= ---

a b 

Potential of B is zero. 
V 

65. a. E = d' F = eE = eVjd 

F 'V 
-~-

m md 

d~ 

q +q - q +q -q +q 

Fig. 3.128 
, 

67. b. Vx - Voo = - J E.,dx :::::} 
00 

A 
V -x - 2x2 

q +q -q 

68. 
-q a 
2d 

q2=-~ [-;~ +~] = -~! [1 - ~ ] 
aq (d-a) 

~-- -- . . -
2d d 

d 

d 

Fig. 3.129 

69. b. On connecting, the entire amount of charge will shift.to 
the outer sphere. 

q' 
Heat generated = V; - U f = ;;-'--;0;-

8m'oR I 

= (20 X 10-6
)2 x 9 X 109 [ _1 ___ '_ ] 

. 2 0.10 0.20 

~9J 

kQ 
70. c.V=, 

1 2 I eok2 Q2 
-eoE - - - --2 - 2 ,4 

V4 
0:: U 

71. b. E=a(yi+x)) 

V2 - VI = - J (aydx + axdy) 

V = -a J (ydx +xdy) + (" 

V = -a J d(xy) + C = ~ axy + C 

72. d. (i) Q/2, Q/20 
(ii) QI2, Q/4, QI4 
(ii) 3Q/8, Q/4, 3Q/8 
(iv) 5Q116, 5Q116, 3Q/8 
(v)5Q/16, IIQI32, I IQI32 

73.,. a. V =x2 _ y2 

y 

, 

~ --+--='--> < 

Fig. 3.130 
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dV 
E~- =-- = - 2x 

<Ix 
Ey = 2y 

74. a. The potential inside the shell will be the same everywhere 
as on its surface. As we add 3Q charge on the surface, the 
potential on the surface changes by the same amount as that 
inside. Therefore, the potent ial d ifference remains the same .. 

Multiple Correct 
Answers Type 

1. a., b., d. 0 :5 x :s a; Vx ~ [-I E~ c1x ] + v (O) = 0 

(as Ex =0) 
, 

x ~ a ; V. = - f Exdx + V(<I ) 

" 
v .. = [ - J :!...dX] + V(a) = - :!... {x - a) = - (1 (x - a) 

"EO EO to 
, 

x :5 0; V .. = - J Exdx + VIOl [ .. , Ex = ~: ] 
o 

" - x 
'0 

2. a., d. When a negative charge moves from high potential to 
low pOlcnl ia l. its potential energy inc reases. 

Wei = q (Vt - tl2) 

As VI > tl2 and q is negative, hence 
Wei = negative. 

3. a., b., c. This questio n is based 011 the working pri nciple of 
a generator. 

VI - VII = ( q, 
41l' t oR1 

• 

Fig. 3.131 

VI - VI[= ~ [~ - ~] 
4IrEo RI R2 

As two conductors are connected, transfer of charge 
lakes place rro m o ne conductor to other till both acquire same 

potential, i.e. , here VI - Vll = ° 
Potenti al difference depends only on ql (charge of inner 

conductor), so VI - Vll = 0, where ql = 0, i.e., total charge is 
tra nsferred to the outer conductor. 

. Electric Potential 3.43 

4. a., d . As no charge is present inside the conductor, potential at 
any po int inside the conductor is same as thaI o f the potential 
of conductor: . 

So, potential of the conductor = Potential at the center 
= Vq + Vinducod chargos 

i.e., 
q 

Vco ndUC IOl' = Val point B = Vq + Vinduced char,e$ 

S. a., b., d. 

dU = UI - U
i 

= q(qO + q/2) [~_ 2.] < 0 
411' £0 R 2 RI 

It means electric potential energy is decreasing and work 
done by electric force would be positive as g iv'en by 

W ei = - dU 
From work-energy theorem, 

d K = W n + Wt l + lJ. Hdissipall:d 

Now, we can answer the remain ing options. 

6. a., b., c. Because the metal can is deep, so - Q charge will 
be induced on the inner surface and +Q on the outer surface 
(Fig. 3. 132). 

Q :~-~= : +-~-+ 
+ _ Q_ --+ 

+ + + + 
Fig. 3.132 

As the can is deep. so potentia l of A will no t Change. 
If metal can is earthed. then +Q charge will slow into 

earth and remaining -q will decrease the potential of ~ 

Assertion-Reasoning 
Type 

1. c. E lectric field is di rected fro m high potential to low poten
tia l. 

2. a. The surface of a conductor is an equipotential surface as 
electric field inside the conductor is zero. If there is some 
potential difference between two points of conductor. then 
charge will now within conductor ( 0 make the potential same. 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



- -~-- ,-- ---::.;;'- . 
--_.- --'\"-~' .' .-' - ---~ --~~ - - - . 

3.44 Phy~ics for IIT-JEE: Electricity and Magnetism 

3. d. Potential depends not only on charge but also on the shape 
and size of the conductor. 

4. a. Inside electric field is zero but not outside. 

5, c. Earth also has some surface charge density due to which it 
produces electric field in the surrounding space. 

Comprehension 
Type 

For Problems 1-2 

1. b., 2. d. 
Sol. Potential is a scalar quantity. We sec that potential at 
P due to both charges is same in magnitude. In problem 1, 
both potentials are added and in problem 2, both potentials 
are cancelled. 
For Problems 3-4 
3. b., 4. c. 
Sol. The work that must be done on q3 by an external force 
Fcx~ is equal to the difference between two quantities: the 
potential energy U associated with q3 when it is at x = 2a 
and the potential energy when it is infinitely far away. 

}-----( + }-------1 + 

x=a x - 2a 

Fig. 3.133 

The second of these is zero, so the work that must be 
done is equal to U. The distances between the charges are 
r!3" = 2a and r23 = a, so from 

W = U = ~ (!!..!.. + q2) 
4JrEo rl3 r23 

+, (-e +e) +-' 
= 4JrEo 2a + -;- = 8Jrtoa 

If q3 is brought in from infinity along the +x-axis, it is at
tracted by ql but -is repelled more strongly by q2; hence 
positive work must be done to push q3 to the position at 
x = 2a. 

The total potential energy of the assemblage of three 
charges is 

, L:","j , u-- ---
- 4Jrto 1' .. - 4Jrto 

i<j 'J 

~ _ ,_ (-e)(e) + (-e)(e) + (e)(e)) = ~ 
4JrEo a 2a a 8Jrtoa 

For Problems 5-6 
5. c., 6. b. 
Sol. Ei = Ki + Vi , 

= 2"(0.0015 kg)(20.0 ms- li 

k(2.00 x JO- 6C)(8.00 x JO-6C) 
+ 0.800 m 

= 0.48 J 

VI = 1_2--,(O_.4-;;:8-;;cJ;;-;-=O:-.36_J-,-)~ 4,/10 ms-' 
0.0015 kg 

At the closest point, the velocity is 7.ero: 

0.48 J = kqlq2 , 
= k(2.00 x 10-6C)(8.00 x JO-6C) = 0.30 m 

I' 0.48 J 

For Problems 7-9 
7. a., 8. c., 9. b. 

Sol. AtA:VA=k(~ + q2) 
rl 1'2 

~ k (2.40 X JO-
9

C + -6.50 X .10-9 C) = -738 V. 
0.05m 0.05m 

At B: VB = k (ql + q2) 
rl 1'2 

~ k (2.40 X JO-
9 C + -6.50 X 10-9 C) = - 705 V 

0.08 m 0.06 m 

2. W=qf:::.V = (2.50 x 1O- 9 C)(-33V) 
= -8.25 x 10- 8 1 
The negative sign indicates that the work is done on 

the charge. So, the work done by the field is 

8.25 x 10-8 1. 

For Problems 10-13 
10. d., 11. d., 12. d., 13. b. 
Sol. Electric field at '0' (Fig. 3.134) 

q q 
A', ;' B 

" ;' 

,Ji(, E 
, , 

- qD' F ~ q 

Fig. 3.134 

, 
x -

./2 

Electric potential at 0 will be zero, i.e., 
VE =0 

[
' q 

Vf
· = 2 4JrEo (a2 + a2j4)1/2 

, q 1 
4JrEo al2 

--q [_2 -~l 
- 2Jr So ..;sa a 
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q 

ITE a 

For Problems 14-15 
14. b., 15. c. 
Sol. The electric field due to charges Q and Q will be di
rected towards perpendicular bisector of line joining charges. 
Hence, negative charge retards and comes to rest at some po
sition on this line. From this position, the charge -q will 
return back. 

• 

Fig. 3.135 

1 2Q x 
Enel = 4nso (X2 + [2) (X2 + (2)1/2 

1 , J Q 1 Q 
zmvo +2C-Q)47TEO T=2( - Q)4JrEO (Xl + f2)1 /2 

1 -JrEomv1 J 

(x2 + 11)= qQ +[ 

I -JI"Eomv2 + qQ 
~ 

(x2+12) qQI 

(x 2 +).1)1 / 2 = qQI 
qQ-rrs.imv2 

x - qQl -F [ 
, ] 'I' 

- (qQ JTSolmu1) 

x-{ qQ -1 
[ 

2 ] '/2 

- (qQ - Jrsolmu1 ) 

For Problems 16-17 

16. a., 17. c. 
Sol. If q l and q2 are the charges on the spheres of radii r and 
R) respectively, then, by conservation of charge 

® 
" Fig. 3.136 

·~+q2~Q (i) 

But 'CO) = 0'2 

q , q2 
4rrr2 4Jr R2 

Electric Potential 3.45 

ql r2 . 

q2 R2 

From (i) and (ii) 

Qr2 QR2 

ql:::: r2+R2 andq2:::: r2+ R2 

Hence, potential at common center, 

V=V1 + V2 

V~_J_ [~+q2l 
4;reo r R 

V ~ _1_ [ Q, + QR 1 
4;reo (R 2 + r2) (R2 + r2) 

V~ _ 1_ Q(R +,) 
4;reo (R2 + r2) 

For Problems 18-20 
18. b., 19. a., 20. b. 
Sol. 

I 
I 

I 
Ie' 
I 

E • , , , , , ' ''1 ,. , , 
• 

, , , , , , 
• • 

, .. ,., , , , , 
• 

, , , 
.. -- 1- , , , , ., , 

• 
, 

• 
, , , , 

• .,J_ • 
, , , 6 , , , , , , , , , , 

• • 
, , ; 

• • • • ' ''- , 
" 6 , .... 4i i- 21 , :2 

• .. j . ., ..1-- j ... j .. , , 
• 

, , ,-3 , , , , • , , , 
• 

, • 
, , , -6 1 , , .. :. I I .. :- I • 

, 
: , , , , , ,. ., , ... )- . , , , 

• 
, , , 

Fig. 3.137 

For -6 ~ x ~ - 4: 

'," , , '1" , '"1" , , , , , , , " I ' .,. '-1' • 
, , , , , 

• 
, 

.. ,. ' 1" , , ,. , 
• • 

, 
• • 

, , .. I. .,. --I. , , , , , , , , 
: , , , , .1. ... , , , 

• ' 7 

• " " 
, 

• 
, , . j . ·1·· -1-- .j .. , , , , , , , 

.. l. ., , • .. , , .. , , , , , , 
.: . .. I , : .. I , , , 
• 

, , , 
• 

, 
• 

, , , 
• 

, , ! , , , , 

J . 

E = _ dV = _ .6. V = _ (12 - 0) = - 6 NC- I 
dx .6.x r - 4 - (-6)] 
For - 4 ~ x ~ -2: 

"V 
E ~ -- ~ O 

"x 
For -2 :s x < 2: 

E= _.6.V =_ [0-12] =3 NC-1 
.6.x [2-(-2)] 

For 2 ~ x ~ 3: 

E ~ _[(- 6) - 0] ~ 6 NC' 
[3 2] 

For 3 ~ x ~ 5: E = 0 

For5~x ~7: 

E ~ _ [0- (-6)] ~ - 3 NC' 
[7 5] 

For Problems 21-23 

21: a., 22. a., 23. d. 
Sol. Wcle = -t::.u = -q (VI - Vi) 

4 .8 x 10- 19 = -1.6 X IO-19(VB - VA) 

(VB - VA):::: -3.0V 

(li) 
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3.46 Physics for IlT-JEE: Electricity and Magnetism 

Points Band C are on same equipotential surface. 
Hence, VB = Vc . 

Vc - VA = VB - VA = -3.0 V 

Vc - VB =0 

For Problems 24-25 

24. a., 25. b. 
Sol. The points A and C lies in equipotential line 

VA = Vc 

The points Band C lies in equipotential line 

.. VB = VD 

VA - VD = VA - VB = -E.6.x 

VA - Vy =-20(XA - X B) = - 20 x-I 

VA -VB =20V 

VA - VD = VA - VB = 20 V 

For Problems 26-28 

26. c., 27. b., 28. a. 
Sol. 

r-~~~-r-r-",~--~~ 
I I I I I I .... . .. , ·· ·t . 'f ' .. . : I : : . 

. _~ __ ~ __ ~ __ ~_..5 __ ~ __ ~, ---:-:---:.: __ ~-- . 

: : :::: 
" 1 ' " . I ' I 1" 1 , , 

, 2 ,4 16 ,8 
r· ·r ··r ·r · 
I I I I ------- -- ............ --~--~ -- - - -. 

I 1_ 5 iii j . 
I I I I I I ., ... , ... , ", ",' .. ,. 
I I I I I 
I ., I I I 

Fig. 3.138 

"y "V E - ---' , - 6.r' Ex =---"x 
(10 - 0) 

For - 2 < x < O· E. = - = -5 NC- I 
- - ,. [0-(-2)] 

ForO:<:; x:<:; 2; Ex = 0 
[20 - 10] 

For 2 :<:; x :<:; 4; Ex = - [4 _ 2] = - 5 NC- I 

[0 - 20] 
For4:<:;x:<:;8;Ex =-[8_4J = 5NC- 1 

For Problems 29-30 

29. c., 30. a. 
f 

Sol. Vj - Vi = - J (E.,i + Eyj + Ezk) . (dx i +dy) + dzk) 
, 

If electric field is constant, we can wri te, 

VI - Vi = -[E..{xi - Xi) + Ey(Y, - Yi) + E1.{ZI - Zi) ] 

VI - Vi = -[100 cos 30°(0 + 2)+ 100sin300 (4 - 0)] 

V/J - Vii = -IOO[2+-J3] volt 

Alternatively: 
In constant electric field 

V, - Vi =-E· D.r 

= - [100(cos301 + sin 30)]. [(10 + 2) i + (4 - O)j] 

~ - 100 [2+v'3] V 

Alternatively: 
Drawing equipotential lines through A and B 

, , B, , , , , 
, ~c 

\ A 30''\300 

2Q,30" 0 \, 

D\, \, , , , 

Fig. 3.139 

DC = OB cos 30° + DB sin 30° 

v'3 1 
DC=2x T +4x2"=c-J3+2)m 

Potential decreases in the direction of electric field . 
Hence VB - V A should be negative. 
For constant electric fic ld 

[E I ~ I~: I 
I"V I ~ EI"-'I ~ 100(v'3+2) 

VB - V, ~ -100(v'3+2) 

For Problems 31-34 

31. a., 32. b., 33. d., 34, a. 
oV _I oV _I 

Sol. E., = - - = -3 Vm ; Ey = -- = -4 Vm ox .... jf. oy 
ax = q Ex = _ I x 10-

6 
x 3 = -3 x 10-5ms -2 

m 10 
q Ey 

ay = -- ~ 

m 

Time taken to cross x-axis: 

, 1 " 
Usmg s = ut + 2"at ~ 

1 
3.2 = 2" x 4 x 10-5 x 12 

1=400s 

Vx = axt = - 3 x 10-5 x 400 

Vx = 12 x 1O- 3ms - 1 

Vy = ayl = --4 x 10- 5 X 400 

Vy = !6 x IO-Jms- 1 

,~j"+,, 
of Y 

For Problems 35-36 

35. a ....... iii., b ....... ii., c ....... i., 36. b. 

Sol. tjl = 0"411"0
2

, q2 = -0"4rrb
2

,Q3 = 0"4rrc2 
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Fig. 3.140 

kq] kq2 kq3 
V .... =--+-+_ 

abc 

• 
" 

• 

~ _1_ [a4rra
2 

_ a47l"b2 + a4Jrc2] 
4Jtto abc 
a 

=-[a-b+cj 
Co 

. . kq] kq2 kq3 
Similarly Vn = - + - + -, 

b b c 
kq] kq2 kq3 

Vc =-+-+-
c c c 

For problem 36, put VA = Vc 

For Problems 37-40 

37. b., 38. a., 39. c., 40. d. 

Sol. 1.8 x 106 = 9 X 10
9 

X q1 :::} q] = 2 X 1O-6~ C 
(0.1)2 

V = 9 X 109 X 2 x-6 [_1_ - _1_] = 9 x 104 

0.1 0.2 

Fig. 3.141 

38. E = kq] = 9x 10
9 

X 2 X 10-
6 

= 4 5 X !O5 N/C 
rl (0.20)2 . 

39. Interaction energy 

u = kq1(_ql)= 9 ,X 10
9 

X (2 X 10-
6

)2 = -0.18J 
0.2 0.2 

Self-energy: 

9 X 109 X (2 x 1O-6? 
VI = =0.181 

2 x 0.1 

9 x 109 X (2 X 10-6)2 
U2 -= = 0.09 J 

2 x 0.2 

Total energy: U + VI + Ul = 0.09 J 
40. Both the charges will get neutralized and there will be no 

charge left on any sphere so no energy will be left in the 
system. It means whole amount of energy will convert into 
heat. 

Matching 
Column Type 

Electric Potential 3.47 

I.L_.~~_~~~_~~~_~~ 

Sol. i. Due to q"';chare will be induced on the conductor, such 
that net field due to q and induced chare becomes zero at any 
point -inside the conductor. 

Since E = 0 everywhere inside the conductor, so potential 
is constant inside and same as that of surface of conductor. 
ii. Due to q, field and potential both will vary inside. 
iii. Due to q2, field and potential both will vary inside. Be
cause inside charge system has nothing to do with oueside 
system. 
iv. Same as that qfiii. 

2L_~~~_~~~_.~~_~~ 

Sol. ,i. There, is no charge on the outer surface, so not electric 
field atr > a (Fig. 3. I 42(a». E and V exist only insider> (I 

as shown by b. and g. 

+Q ' 

CD No charge CD 
I-I 1b1 

+Q +Q 

0 CD -Q 

(oj 1'1 
Fig. 3.142 

ii. No field from r = 0 to b, otherwise field at any other 
potential will be same as that produced by a point charge Q 
at center (Figure 3. 142(b». 
iii. No charge inside, hence no electric field inside r < b. 
For r ::: b, fie ld 'will be same as that produced by a potential 
charge at center (Fig. 3. 142(c). 
iv. For r < (I, field will be that of -Q at center (Fig. 3.l42(d». 

For r > b, field will be that of +Q at center. 
For a < r < b, no field. 

3. i --+ d., ii. ---+ c., iii. ---+ b., iv. ---+ a. 
Sol. Charge induced at the surface of ' I ' 

ljl =-q 

Any point located on the surfac;.e of sp~t.!:::.,z-,wiLi have zero 
potential 
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3.48 Physics for IIT-JEE: Electricity and Magnetism 

+ 
+ 

+ -

+ -

+ + + 

0
+ + - + 

+ +q - + 

+ +A + - + 

4 

2, 

+ - -q + 
+.~-=._ .. + B 

+ 

Fig. 3.143 

c 

V p =0::;: V..t.OU{ + VB.surfll«' + VC•in 

O=k (q) +k (- q +x) +k(2q) 
2R 2R 3R 

,.. ;.::: 
- ----- --

4 
Hence, x ::;: -3" q. 

Hence, charge appearing on surface 2 is 

4 

4 
-- q 

3 
and 

charge appearing on surface 3 ::;: 3" q and charge appearing 

on surface 4 
4 2q 

q4::;:2q- 3"q::;: 3 
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. CHAPTER 
~ I '. 'I t' -, . 

Capacitor and Capacitarlce 

I 

= ==------=-----_. __ . _'_'==---==='=c..,. 
·'Hi ' ~i," 'i '/' V "'.'1' ; , ' . 

. ~. !Capacitor i. ') W ',\,'/' ,;. ;-r:' 'ii., ; ';j' 

'[l'! r'1,. ,if! ;'iJI''j, <,I'> '.' I~; -j ',',I'. ;(J,:;:,.._;., ",(;'·n '"E,. 

~_ Umtsof Capacvap~e'l~~ '_~d,' ,~ -,lii"",T I;" 
:> Combination of Capacitors 

.-;r,\ ,. "I"~. ," '> .'., ••. \".. ,,; i:"~ ~., . . " 
);> Kirchhoft:'s -Rules for Capacitors ' " , 

, ~ 

~-
Sign Convention 

, 
)- Dielectric . , 

. };> Force on Dielectric Slab at Constant 
Potential Difference , -

};> Spheri~al Capacitor \ 
)0> Cylindrical Capacit.qr 

4.1 
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4.2 Physics for IIT·JEE: Electricity and Magnetism 

CAPACITOR 

Any two conductors separated by an insulator (or a vacuum) 
fonn a capacitor (see Fig. 4.1). An electrical capacitor is not a
device to store electric charge, but it stores electric energy in 
the form of electric field. Basic elements of a capacitor are two 
isolated conductors of arbitrary shape. No matter what their ge· 
ometry is, these conductors are called plates. If these two isolated 
conductor plates are kept paralle l to each other, the combination 
is called a parallel plate capacitor as shown in Fig. 4.2. 

Any Iwo oonduclOrs 

a and b inrulaled 

from one another 

form a capacilor. 

Fig. 4.1 

Paral lct plale (apaeilor 

Fig. 4.2 

The symbol for a capacitor is -11- . Although this symbol is 
based upon the geometry ofa parallel plate capacitor, bunn fact, 
it is used ff)r any type of capacitor, c.g., a parallel plate capacitor, 
a spRerical capacitor o r a cylindrical capacitor etc. 

The region betwecn thelwoconduclorplates is generally filled 
by an insulating material called dielectric. 

Practically, almost always, when a capacitor is charged, its 
plates have equal but opposite charges +q and -q. However, we 
refer to the charge of a capacitor as being q, the absolute value 
of [he charges on the plates. Please note it consciously that q is 
not the net charge o n the capacitor, in fact the net charge on the 
capacitor is zero. 

Or simply: when we say that a capacitor has charge q, or that 
a charge q is stored on the capacitor, it means that the conductor 
at higher potential has charge +q and the conductor at lower 
potential has charge -q (assuming that q is positive). 

Because the plates are conductors, they are equipotential: i.e., 
all the points on a plate are at the same electric potential. Funher, 

there is a potential difference between the two plates. which is 
denoted by V for historical reasons, rather than by A V. 

The charge q and potential difference V for a capacitor are 
proportional to each other, i.e., q = CV. 

The constant of proportionali ty C is called the capacitance 
of the capacitor. To determine the capacitance of a capacitor, 
electrical techniques can also be used. 

The electric field at any point in the region between the con
ductors is proportional to the magnitude q of charge on each 
conductor. It follows that the potential difference V between the 
conductors is also proportional to q. If we double the magnitude 
of charge on each conductor, the charge density at each point 
doubles. the electric field at each point doubles and the poten
tial difference between conductors doubles; however. the ratio 
of charge to 'potential difference does not change. This ratio is 
called the capaci tance C of the capacitor as mentioned earlier: 

C = ~ {definition of capacitance}. 

Greater the capacitance C of a capacitor, the greater is the 
magnitude of charge q on either conductor for a given poten· 
tial difference V and hence the greater is the amount of energy 
stored. 

Value o f C is independent to the charge q o r potential dif
ference V . It purely depends on the geometry and shape of the 
conductors fonning the capacitor. It also depends upon the ma
terial medium placed between the conductors. 

Note: A single conductor can a/50 act as a capacitor by 
assuming that the other conductor is placed at infi~ity. 

UNITS OF CAPACITANCE 

The S.L unit of capacitance is coulomb per volt which is fre
quently written as farad (F). The symbol F is used for this. This 
is a very large unit. Some smaller units such as micro farad (~F), 

nanofarad (nF), picofarad (pF), etc. are also used frequently. 

Parallel Plate Capacitor 

It consists of two large plates placed parallel to each other with a 
separation d small in comparison to the two dimensions (length 
and breadth) of the plates (Fig. 4.3). 

In an ideal capacitor, electric field resides in the region with
in the plates. No e lectric field is OUiside the plates (neglecting 
fringing effect for ideal case). So, the entire energy resides with
in the capacitor and no energy is therefore outside the capacitor. 
Electric field is directed from positive plate to negative plate in 
such a way that the lines emerge perpendicularly from positive 
plate and terminate perpendicularly {Q the negative plate. 

Electric fi eld between the plates: 
u Q 

E = - = -
eO Ato 

Therefore, potential difference between the plates: 
Qd 

V =Ed=
A£o 

Q toA 
and therefore capacitance C = V = d 
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Wifl:l Plale a. Area A 

+(/ 
Polenlial 

difference " ".ob - . d 

Wire 

(,j 

(bj 

(a) A charged parallel plale capacilor. 

i 

(b) When the separalion of the plales is small compared 10 
their size, the fringing oflhe elcclric field Eat lhe edges IS 
slight. 

Fig. 4.3 

Capacitance of a Spherical Conductor or 
Capacitor 
As'"We have already said that a single conductor can also act as 
capacitor, here we will find Ihe capacitance of a single isolated 
sphere (Fig. 4.4). For this. let a charge q is given 10 a spherical 
conquctor o'f radius R. then potential on it 

+ 

+ 

+ 

j q 
V~--

4Jrso R 

+ q 
+ 

+ 

• + 

+ + 

Fig. 4.4 

The other conductor is supposed to be at infini ty whose po
tential will be taken as zero. 

So. the potential difference between sphere and the conductor 
at infinity = V - 0 = V 

. q 
Then, capacitance C = V = 4JreoR 

Thus, capacitance of a spherical conductor is C == 4Jr £0 R. 

Energy Stored in a Charged Conductor or 
Capacitor 
Work has to be done in Charging a conductor or capacitor against· 
the force of repulsion by the already existing charges on it. The 
work is stored as a potential energy in the form of electric field 
of the conductor. S~ppose a conductor of capacity C is to be 
charged up to a potential Vo and let qo be the final charge on 

Capacitor and Capacitance 4.3 

the conductor. Let the potential of the conductor when (duri ng 

charging) the charge on it was q « qo) is Y == ~. 
q 

Fig. 4.5 

Now, work done in bringing a small charge dq at this potential 

isd W = Vdq = (~)dq 
.'. Total work done in charging it from 0 to qo is 

~ qo 2 

f f q 1 q, 
W = dW == Cdq == "2 C , , 

This work is stored as the potential energy. 
I q~ 

U~--
2C 

Further. by using qo = evo. we can write this expression as. 
j , j 

U = -CVo = - qOVO 
2 2 

In general. if a conductor (or capacitor) of capacity C is 
c~arged to a potential V by giving it a charge q, then 

1 1 q2 I 
U= - C y 2 ==--==-qV 

2 2 C 2 

Potential energy of a spherical capacitor made of a single 
sphere: 

q2 q2 
U ~ - ~ -- (".' C == 4JrsoR) 

2C 81feoR 

Note: It is a common misconception that electric field en
ergy is a lJew kind of energy; different from the electric 
potentiot energy described before. This is not the case; it is 
simply a different way of interpreting electric potential en
ergy. We can regard the energy of a given system of charges 
as b~ing a shared properlJ of all the charges, or we can 
think' "Of the energy as being a prop/my of the electric field 
t~at the .charges cr.jote. Eiiher tnterprela.tion lea,* to the 
same value of the potential energy. . 

Force Between the Plates of a Parallel Plate 
Capaator 
Consider a parallel plate capacitor with plate area A. Suppose a 
positive charge +Q is given to one plate and a negative charge 
-Q to the other plate. The electric field due to only the positive 

plate is E = ~ = .JL at all points if the plate is large. The 
2eo 2Aso . : 

negative charge - Q on the other plate finds itself in the field 
C1f this positive charge. Therefore, force on this plate: F == EQ 

== ~ . This force will be attractive. 
2Aeo 
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~-_=C'CC;= - - -~. - -. == ~ 
~_~. __ ~ ....!:..:__ _ ___ .--2. _=:.:;C~ _ }~.~ 

4.4 Physics fo r IIT-JEE: Electricity and Magnetism 

'Q .Q 

Fig. 4.6 

Energy Density (Energy Per Unit Volume) in 
Electric Field 

Consider a parallel plate capacitor of plate area A and plate 
separation d. Let the charge on capacitor is Q, then electric field 

in the region between the plates is: E == ~ = ~ 
80 Aso 

Volume of capacitor: V = Ad 

Q' Q'd (Q)' I Energy stored: U = ~ ~ ~- ~ - - EoAd 
2C ZeoA Aso 2 

_ U (Q)' I <oAd Energy per umt volume: u = - = - --__ 
V Aso 2 Ad 

I , 
~ u =-~E 

2 
Although we have proved the above result Jor a parallel plate 

capacitor but in general this is true/arany kind of capacitor or 
any other kind of electric field. 
Potential energy of a spherical capacitor made of a single 
sphere using concept of energy density: 

Fig. 4.7 

Energy density: 

I ( I Q)' dU=udV = -£0 ~-2 4rrr2dr 
2 4rreo r 

u ~~I_Q2r::dr =~ 
8neo R r2 8neoR 

loss of Energy During Redistribution of Charge 

Let two capacitors of capacitances C I and C2 are charged sep
arately up to potential differences of VI and V2, respectively, 
as shown in Fig. 4.8(a). Now, suppose these two capacitors are 
connected (positive plate of one capacitor to the positive plate 
of other and negative plate to negative plate) with each other as 
shown in Fig. 4.8(b). If VI =t- V2, then redistribution of charge 
will occur until the potentials of both capacitors become equal. 
Let V is the final common potential difference across each ca
pacitor. 

v --... common potential 
Finally 

'b) 

Fig. 4.8 

Initial charges: QI = C I VI, Q2 = C2 V2. Let final charges are 
ql and q2 as shown in Fig. 4.8(b) 

Fearn oO",,,val;on of oh"ge, q, + q, ~ Q, + Q, 0) 
And V = ~ = q2 (ii) 

C I C2 
Solving (i) and (ii), we get 

V _ QI + Q2 _ CdQI + Q2) _ C2 (QI + Q2) 
- CI +C2 ,ql - CI +C2 ,q2 - CI + C2 

We can show that in redistribution of charge energy is always 
lost. 

1 Q2 1 Q2 
Initial potential energy, Uj = -~, + - -' 

2 CI 2 C2 
Final potential energy, 

U = ~ (C + C) V2 = ~ (Q I + Q2)2 
/ 2 I 2 2 C I + C2 

Loss of energy: 

/':,.U=Ui-Uf=~[Qi + Q~ _ (Q 1+Q2)2] 
2 CI C2 CI + C2 

or f::.U = 2CIC2(~1 + C2) [ QiC,C2 + Qici + Q~C~ 
+ Q~CIC2 - QiCIC2 - Q~CIC2 - 2QIQ2CIC2] 

crCi [Qi ,. Q~ 2QIQ2] 
/':,.U = 2CI C2(C I + C2 ) Cr {- ci - C IC2 

CIC2 2 
or /':,.U = (VI - V2) 

2(C I + C2) 

Illustration 4.1 Fig. 4.9 shows three conducting spherical 

shells A, Band C with charges -q, +q /2, +q, respectively. 
Determine the capacitance of the system between points A 
andC. 

'q 

b 

Fig. 4.9 

Sol. Potential at A (VA):::: Potential due to charge on sphere A 
+ Potential due to charge on sphere C + Potential due to charge 
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on sphere B 
1 q 1 q q/2 

= - 4- rr-,-o ~ + -4rr- ,-o b + 74rr-'o-.,["(a"+=--'b7)/"2"[ 

q (' 1 ' ) = 4J1'"€o b - ;; + (0 + b) 

Potential at C (Ve) = Potential due to charge on sphere A 
+ Potential due to charge on sphere C + Potential due to charge 
on sphere B 

= __ '_ ~ + _'_ .L + _'_ ~= q 
411"&0 b 411'Eo 2b 41r£o b 8rr€ob 

Potential difference = VA - Vc 

q ( ' 1 ' ) q 
= 411" EO b - ;; + (a +b) - 81l'€ob 

=-q- (a' - 2b' + ab ) 
ab(a+b) 

q 
Capaci tance of the arrangement == 

VII Vc 

q 811'Eoab(a +b) 

= !_q_ (a' - 2b'+ ab )) = (a' - 2b'+ab) 
8 lT80 ab(a+ b) 

Illustration 4.2 Fig. 4.10 shows tha t a conducting sphere 

A of radius 'a' is surrounded by a neutral conducting spher
ical shell B of radius b (> a) , Initially, switches SIt 52 and 
53 are open and the sphere A car ries a charge Q. First, the 
switch 51 is closed to connect the shell B with ground, and 
then 81 is opened. Now, the switch 51 is closed so that the 
sphere A is grounded and then $2 is opened. Finally, the 
switch S3 is closed to connect the spheres together. Find the 
heat produced on closing the switch $3' 

B 

s, 

A 

Fig. 4.10 

Sol. When th~ outer sphere is connected to ground, charge - Q 
resides on the inner surface of the sphere: B, with no charge on 
its outer surface. When it is disconnected from the ground - Q 
remains Qn its inner surface. Now, the sphere A is connected to 
the earth, so potential on its surface becomes zero. 

Let the charge on the sphere A become q, Ihen 

I q I Q a 
VA =-- ---- - =O =} q=- Q. 

411"£0 (j 4 11"£0 b b 
The resu lting charges' on various surfaces are shown in 

Fig. 4. 1 I. 

Capacitor and Capacitance 4.5 

O (Wb)Q 

- (alb)Q - Q + (alb)Q 

Fig. 4.11 

In this position, energy stored 

VI = ~ _'_ ~ (~ Q) 2 + ~_' _ ~Q2 
24lTl>oa b 24lT 60 b 

+ _'_~ (~Q) (- Q) 
411"60 b b 

(i) 

The above energy is sum of the energies of each of Ihe indi
vidual spheres and their interaction energy (represented by the 
third term). 

When switch 5) is closed, total charge w.ill appear on the outer 
surface of the shell 8 . In this position, energy stored 

1 1 1 (a )" 
U2 = 2 4lT 60b b- I Q 

This energy is corresponding to the outer sphere only. 

. Q2a (b - a) 
Heal produced = VI - U2 = 8 ' 

1fEob 

llfustration.4·3 Two capacitors C1 and C2 (where 

CI > C2) a re charged to the same initial potential differ
ence, but wit h opposite polarity. The charged capacitors are 
removed from the battery and their plates are connected as 
shown in Fig. 4.12(a). The switches $1 and $2 a re then closed, 
as shown in Fig. 4.12(b). 

f 1. 
QIi C, 
• -

" b 

S~~S, S, s, 

+ -
(hi Cl Qu Cl 

(.) (b) 

Fig. 4.12 

a . Find the fi nal potential difference belwcen a and b after the 
swilches are closed. 

b. Fi nd the total energy stored in the capacitors before and after 
the switches arc closed and the ratio of the final energy to the 
initial energy. 

Sol. II . The le ft-hand plates of the capacilors in Fig 4. 12(b) act 
as an isolated system because they aTe not connected to the right 
hand plates by conductors. The charges on the lefl hand plates 
before the switches are-closed are 

Q li = C1'1,Vj and Qli = C2.6.Vj 

The 10lal charge Q in the systcm is 
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4.6 Physics for IIT·JEE: Electricity and Magnetism 

0) 
After the switches are closed, the total charge in the system 

remains the same. 

(ii) 

The chargesndistribute until the entire system is at the same 
potential AVI' Thus, the final potential difference across Cl 

must be the same as the fina l potential difference across C2. The 
charges on the capacitors after the switches are closed are 

QII = ClAVI and Q21 = ClAVI 

Dividing the fi rst equation by the second, we have 

Q I/=C I6.VI = J:1 :;:} QI/=CI QlI (iii) 
Q21 C2AVI Cl C2 
Combining equations (ii) and (iii), we obtain 

Q = QI I + Q21 = ~~Q21 + Q21 = Q2, (1 + ~~) 
:;:} Q21 = Q ( CI ~ cJ 
Using equation (iii) to find QI' in tenns of Q. we have 

QII = ~~ Qu = ~~Q (CI ~cJ = Q (CI~CJ 
.Finally, voltage across each capacitor is 

l>V'I = Q'I = Q(c, ~c,) = Q 
CI C] CI +C2 

Q ( c, ) 
and l::.V2/ = QlI = C] + Cl = Q 

C2 C2 Cl +C2 
As noted earlier. l::. VI I = l::. V21 = l::. V, 

, To express 6. V I in terms of the given quantities C I, C2 and 
l::. V;, we substitute the value of Q from equation (i) to obtain 

l::.VI=(~:~~:) l::.VI 

h. Before the switches are closed, the total energy stored in the 
capacitors is 

I 2 1 2 I 2 
U, = i C,(l> V,) + iC,(l> V,) = i(C, + C,) (l> V,) 

Arter the switches are closed, the total energy stored in the 
capacitors is 

t 2 I 2 t 2 
VI = 2"Cl(A V/) + 2"C2(AV/) = 2"(C1 + C2)(l::.V,) 

Using equation (i), we can express this as 

I (CI - C2~{.l"" V;~ 
2 (CI + C2) 

Therefore, the ratio of the final energy stored to the initial 
energy stored is 

I (Cl - C2)2 (AV;)2 

V, 2 (C I +C2) 
-= 
U, J , 

i(C, + C,)( l> V,) 

= (C, -C')' 
C I +C2 

, 
llIustr-dtion 4.4 Four identical metal plates are arranged 

in air at equal distance d from each other. The area of each 
plate is A. A battery of e.m.f. V is connected across the plates 
1 and 2. Discuss the charge distribution and the find ca· 
pacitance of the system between points 1 and 2 if the other 
two plates are connected by a conducting wire as shown in 
Fig. 4.13. 

~ . , 
~.'--" 2 

D 

Fig. 4.13 

Sol. Method 1: Imagine a battery connected to points 1 and 2, so 
that there i ~ a charge + Q on plate A and - Q on plate B. Charge 
on A and B would induce a charge -Q' on C while + Q' on D, 
plates C and D remain neutral. 

Consequently. charge Q on A is divided into lWO parts: + Q' 
on the left side of plate A and (Q - Q') on right side. S imilarly, 
charge - Q on B is also d ivided. - Q' on right side and -( Q -
Q') on left side on plate B. 

Due to charges on the plates, electric fields will appear in the 
gaps between the plates. Fields E' between AC and DB would 
be same, while between AB, field E would be different. 

c - Q'CD v . 

Q) Q' .I,l 
A. Q) (Q-Q') V0 V 

@ q2 
B (l) - Q' 

D Q' V 

Fig. 4.14 

Let the potenti al of plate A be V and that of plate B be zero. 
As the plates C and D are connected together, they will be at 
common potential. say V' . 

The capacity of the system can be wri tten as 

Q Q 
C = ~."... = -

V+ V_ V 

We can write equation for facing surfa~es (I ) and (2) 

Q' ::::;: Co( V - V') 

For facing surfaces (3) and (4) 

(Q - Q') = Co( V - 0) 

For facing surfaces (5) and (6) 

Q' = Co(V' - 0) 

From equations (ii), (iii) and (iv) 

(i) 

(ii) 

(iii) 

(iv) 
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Q 
v 

· 3 
- Co = 
2 

Hence, equivalent capacitance is Ceq =: 

And charges on different surfaces are 

Surfaces Charges 

( I ). (5) 

(2), (6) 

(3) 

(4) 

Eo AV ---
2d 

£oAV 
+2"d" 
EoA V 

d 
EoA V - --

d 

3 t oA 
2 d 

Method 2: Equi .... alent circuit can be draws as shown in 
Fig. 4.15. 

1+-f 
+-

1+ -1 
Q, 

1+_C o -f v It : 0 
Q, d • 

V' + - r 

Q 

I ,r 
U 
C, 

Col' 

'C, 
T 

GJ 
Fig. 4.15 

H . I . C 3 3 toA ence, eqlllva ent capacitance eq = - Co :c: --
2 2 d 

. 3 to A 
Charge supplied by battery Q = 2" d' V 

Hence,QI=:Q( Co ) =~QandQ2 = Q 
Co + Co/23 3 

Hence, charge on different surfaces can be calculated. 

Capacitor and Capacitance . 4.7 

Concept Application Exercise 4.1 

1. Suppose the two plates of a capacitor have different areas. 
When ihe capacitor is charged by connecting it to a banery, 
do the charges on the two plates have equal magnitude, or 
can they be different? Explain your reasoning. 

2. The charged plates of a capacitor attract each other. so to 
pull the plates fanhe~ apart requires work by some external 
force. What becomes of the energy added by this work ? 
Explain your reasoning. 

3. The two plates of a capacitor are given charges ± Q. The 
capacitor is then disconnected from the charging device so 
that. the charges on the plates can not change, and the ca
pacitor is immersed in a tank of oil. Does the electric field 
between the plates increase. decrease or stay the same? 
Explain your reasoning. How can this. field be measured? 

4. a. How many excess electrons must be added to one plate 
and removed from the other to give a 5.00 nF parallel 
plate capacitor 25.0 J of stored energy? 

b. How could you modify th.e geomelry of this capaci tor 
to get illo store 50.0 J of energy without changing the 
charge on ils plates? 

5. A capacitor · o f capacitance C is charged to a potential 
difference V from a cell and then d isconnected from it. 
A charge +Q is now given to its positive plate. Find the 
potential d ifference across the capacitor. 

._, 6. A capacitor is connected across a battery. 
a. Why does each plate receive a charge of exactly the 

same magnitude? 
b. Is this true even if the plates are of different size? 

(YesINo) 

7. Three identical large metallic plates are placed parallel to 
each other at very small separation as shown in the figure 
4.16. 'f.he central plate is g iven a charge Q. What amount 
of charge will fl ow to earth when key is pressed? 

~. 
Fig. 4.16 

8. The plales of a plane capaci tor are drawn apart keeping 
them connected to a battery. Next, the same plates are 
drawn apart from the same initial condition keeping bat
tery disconnected. In which case is more work done? 

9. If a small charge q is moved along a closed path in the 
field between the plates of a parallel plate capacitor, will 
any work be done by the agent which moves the charge? 
(YesfNo) 

10. At which of the two points, I or 2, of a charged capaci
tor with non-parallel plates is the surface charge density 
greater? 
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4.8 Physics for IIT-JEE: Electricity and Magnetism 

Fig. 4.17 

11. A parallel plate air capacitor is connected to a battery. If 
plates of the capacitor are pulled farther apart, then state 
whether the foHowing statements are true or false. 
a: Strength of electric field inside the capacitor remains 

unchanged, if battery is disconnected before pulling the 
plates. 

b. During the process, work is done by external force ap
plied to pull the plates irrespective of whether the bat
tery is disconnected or not. 

c. Strain energy in the capacitor decreases if the battery 
remains connected. 

COMBINATION OF CAPACITORS 

Sometimes to obtain a desired value of capacitance, we group 
two or more than two capacitors together. In this section, we will 
learn how to find the equivalent capacitance when two or more 
than two capacitors are grouped together? 

Equivalent capacitance of a group of capacitors is that value 
of capacitance of a single capacitor which will allow to flow (or 
store) the same amount of chargefor a given potential difference 
as done by the combination. 

In other words, that single capacitor will perform the same 
task as done ,by the combination in all respects. 

Capacitors can be grouped in many ways, but the two common 
types of combinations are: 

(i) Series combination and Oi) Parallel combination. 

Capacitors Connected in Series 

Let n capacitors are connected in series as shown in Fig. 4.18. 
Ceq is the equivalent capacitance of this system. 

C1 C2 Cn , H 1--------4 b · 

v 
v 

Fig. 4.18 

Let a battery V is applied across the combination, then 

V=VI +V2 +",+VII 

iL~R+R++R 
Ceq CI C2 CII 

I I I I 
=> ~=-+-+ ... +-

Ceq CI C2 C" 
Thus. the reciprocal of the equivalent capacitance of a series 

combination equals the sum of the reciprocals of the individual 
capacitances. 

Note: 

• In series combination, tile eqilivalent capacitance is 
always less tllan any of t!Je individual capacitance. 

• In series combination, charge on each capacitor is 
same but potential is different. From V = q/C, larger 
the capacitance lesser is the potential. 

Energy in Series Combination 

Q' Q' Q' 
U~- +-+ .. ·+ -

2C I 2C2 2CII 

= ~2 (~I + ~2 + ... + ~J = 2~:q 
Thus, a single capacitor of capacitance Ceq will store the same 
amount of energy as Slored by CI, C2 , .•.• CII when connected 
in series. 

C1 C2 c] 
+Q ::Q--:;Q''''':Q - -+QI~I +Q 

~ \ :: l,il -----V-----
neutral 

I<t- YI-+I+- Y2 --+I+- Y3--i>1 

"-_ _ _ I f--__ _ 

v 
Fig. 4.19 

As an example, let us take the case of a circuit consisting of 
three capacitors in series as shown in Fig. 4.19. Charge on each 
capacitor is same but potential can be different. 

00· 

Hence, 

ond 

Q=CIVI=C2V2=C3V3 (I) 

V=VI +V2 +V3 

v~R+R+R 
CI C2 C3 

V CIC2C3V 

Q= I I I = CIC2+C2C3+CIC3 
-+-+-
CI C2 C3 

'Q C2C3 V 
VI = C I = Cc'C,COco-,-c+"c::C:-, c",'-+"C"Cc'C,"CCc , 

. Q C3 CIV 
V2 = C2 = cC'C,ccCo-, -c+':C~,:::C~3~+"C"CC'C,o;-c , 

Q CIC2 V 
V3 = C 1 = °Co-, -oC~, -C+"COc,'-C~3'-+"C"CCO-,"'-C , 

(2) 

(3) 

Special Case 0/ Two Capacitors jn Series 

Let two capacitors CI and C2 are connected in series and a 
potential difference V is applied across them as in Fig. 4.20. 
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Q C1 Q C2 

~J,~------'~~ 

G~ 
v 

Fig. 4.20 

Potentia! appearing on capacitors arc VI and Vz• respectively. Q 
is the net charge that flows in circuit, then 

1 1 I C 1C2 
-C,-q == C I + C

2 
~ Ceq ::: /C;-, -"";+-"";C;C, 

V I +V2 =V 

Q == C1 VI == C2 V2 

F (00) VI C2 rom H,-=
V2 C1 

(i) 

(ii) 

(iii) 

It means potential will be divided on the capacitors in the 
inverse ratio of their capacitances. 

From (i) and (iii), VI = C2 V ,V2 = CI V 
C1 +C2 C1 +C2 

. In the above discussion, take C 1 ::: 4 IlF, C2 ::: 8 ).IF and 
V= 12 V, then 

4 x 8 8 
~ -- = - Il F, 

4 + 8 3 
8 x 12 
~=8V 
4+ 8 ' 

C 1 V 4 x 12 
V2= =--=4V 

CI+C2 4+8 

1 2 I 2 
EnergyinC1:UI =2"C1V1 ='2 x4x(8) == 128f·.tJ 

° I I 
Energy In C2; U2 = 2"C2 Vl = 2" x 8 X (4)2::: 64I1J 

Total energy: U = VI + U2 ::: 128 + 64::: 19211J 

We can find total energy by using equivalent capacitance. 
Equivalent capacitance will store the same amount of energy as 
stored by the combination on applying the same potential, Le., 

I I 8 
U = 2: Ceq V2 = 2: x "3 X (12)2 = 192)JJ 

Capacitors Connected in Parallel 

Let n capacitors arc connected in parallel as shown in Fig. 4.21. 
Ceq is the equivalent capacitance of this system. 

c, 

c" 

v 
v 

Fig. 4;21 
Let total charge q flows through the battery, then 

q = ql + q2 + ... + q" 

Capacitor and Capacitance 4.9 

==> C"l V = CI V + C2 V + ... + CII V 

==> Ceq = C] + C2 + ... + CII 

The equivalent capacitance of a parallel combination equals 
the sum of the individual capacitances. 

Note: 

• In a parallel combination, the equivalent capacitance 
is always greater tha" any individual capacitance. 

• In a parallel combination, the potential on each ca
pacitor is same but charge may be different. From q 
= Cv, greater the capacitance greater is the charge. 

• Charge is distributed on the capacitors in the ratio of 
their capacitances, i.e., 

Energy in Parallel Combination 

1 2 1 2 I 2 
U=-C!V +-C2V +···+-CIIV 

2 . 2 ' 2 

2 1 2 1 2 
V =2:(C! + C2 + ... +C,,)V = 2: Ceq V 

Thus a single capacitor of capacitance Ceq will store the same 
amount of energy as stored by C!, C2, ... , CII when connected 
in parallel. 

Special Case of Two Capacitors in Parallel 

v 
Fig. 4.22 

Let two capacitors C! and C2 are connected in parallel and a 
potential difference V is applied across them as in Fig. 4.22. 
Then 

C"l=C]+C2 

QI + Q2 = Q 

V = ~ = Q2 
C] C2 

(i) 

(ii) 

(i ii) 

It means charge wi!! be divided in the direct ratio of the ca-
pacilances. 

F (0) d (000) 0Qo c, Q Q c, Q rom I an Ill, - I = , _2 = 
C]+C2 C]+C2 

In thc abovc discussion, take C 1 = 4 )JF, C2 = 8 I1F and 
V= 12 V 

Ceq = C1 + C2 = 4 + 8 = 12 )JF, 

QI =C1V=4xI2=48I1C, 
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4.10 Physics for IlT-JEE: Electricity and Magnetism 

Q2 = C2V =8xI2=96).lC 

Total charge that flows through the battery: 
Q == QI + Q2 =48 +96 = 144).lC 

Also: Q = CeqV = 12 x 12= 1441lC, 

Q 
_ CIQ 4x144_

48 l-C
1
+C2=4+8- IlC, 

1 1 
Energy stored in C 1: VI = '2C1V2 = '2 x4 X 122 = 2881lJ 

. 1 I 2 
Energy stored in C2: U2 = '2C2 V

2 = '2 x 8 x 12 

~ 576 MJ 

Total energy: V = VI + U2 = 288 + 576 = 864 IlJ 
1 1 

Also: U = -Ceq V 2 = - x 12 x (12i = 864 IlJ 
. 2 . 2 

Illustration 4.5 ]n the circuit shown in Fig. 4.23, the P.D. 
befW1;!en the:points a and b is 4 volt. Find the e.m.f. E of the 
battery. Assume that before coonecting the battery in the 
circuIt, all-the capacitors were uncharged. 

. ' 

.. ~ .. 
Thc P.D. across 6. ).l(c:apacitors = 

' ~ .. 

12 x 4 

6 

a 10!-lF ' c 
'-----1 f---O 
I+-12V--+! 

V=8V 

The P.D. between points a and c = Va - Vc = 4 + 8 = 12 V 

The equivalent capacity in the portion (1) is IOIlF. 

Thechargeonit=(10x12)IlC = 120).lC 

The portions (I) and (2) of the circuit are in series 
combination. 

Hence, 12 x (Vd - Va) = 120).lC =} Vd - Va = IOV 
The capacitor 5 ).IF is also in series with 10 IlF, see figure. 

Hence, charge on it is 120).le. 

120 
Thus,Vc-V~ = -=24V . 5 
Now, we apply KVL to circuit in Fig. 4.25. Beginning at point 

d and traversing the circuit clockwise, we get 

-[(Vd - Va)] + (Ve - Va) + (Ve - Vc) + E = 0 

E = (l2 + 10 + 24) V = 46 V 

Illustration 4.6 A capacitor is made of a flat plate of area 

A and a second plate having a stair-like structure as shown 
in Fig. 4.26. The area of each stair is AI3 and the height is d. 
Find capacitance of this arrangement. 

All 

Fig. 4.26 

Sol. The arrangement is a parallel combination of three capac
A 

itors. Each capacitor has a plate area "3 and the separation be-

twecn the plates as d, 2d and 3d, respectively. 

BoA/3 BoA C Bo A/3 BoA d 
Cl = -d- = 3d' 2 = -U = 6d an 

BoAI3 BoA 
C3=---=-

3d 9d 
As these three capacitances are in parallel, their equivalent 

capacitance is givcn by 
BoA BoA BoA 

C=Cl +C2+C3 = -+-+-
3d 6d 9d 

IIBoA 
c~--

18d 

IIInstJ.'ation 4.7 Three capacitors of capacitances 3 ).IF, 

6 ).IF and 4 ).IF are connected as shown across a battery of 
e.m.f.6V. 

V- 6V 

Fig. 4.27 
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1. Find equivalent capacitance. 

2. Find potential difference and charge on each capacitor. 

3. Find energy stored in each capacitor and total energy 
stored in the system of capacitors. 

Sol. 
1. C I and C2 are in series, so their equivalent capacitance is: 

CIC1 3x6 
C' = = -- =2).1F 

Cl+C2 3+6 
This C' will be in parallel with C3, so Ceq = C' + C3 

=2+4=6).1F 

2. 6 V will be divided across C! and C1 in the inverse ratio of 
the capacitances. So 

C1 V 6 x 6 
p.d. across C I: VI = = --= 4 V, 

. C I +C2 3+6 
C I V 3 x 6 

p.d. across C2: V2 = = --= 2 V 
C I +C2 3+6 

Because C3 is connected directly across the battery with
out any other capacitor in between, so 

p.d. across C3: V3 = V = 6 V. 

Charge on CI: ql = CI VI = 3 x 4 =·12 ).Ie, Charge on 
C1:ql = C2Vl=6 x 2= 12).1C 

Q 
L __ q:.j' fCC,:..· _---.J 

Fig. 4.28 

We see that ql = q2, and it should have been, because in 
series charge is same. 

Charge on C3: q3 = C3 V3 = 4 x 6 = 24).1C 
Alternative method to find charge: We can find charge 

in this way also. 
Total charge that will flow through the battery: 

Q = Ceq V = 6 x 6 = 36 I1C 
It will be divided in direct ratio of C' and C3 , so 

C'Q 2x36 
q, - ----12"C - C' + C3 - 2 + 4 - ... ' 

C3Q 4x36 
q3 - ----24"C - C' + C3 - 2 + 4 - ... 

1 1 
3. Energy in CI: VI = 2'C! V?= 2' x 3 X 42 = 24).1J 

. 1 2 I 2 
Energy In C1 : V 2 = 2'C2 V2 = 2' x 6 x 2 = 1211J 

1 1 
Energy in C3: V3 = lC3V1= 1 x 4 x 62 =72).1J 

Total energy: V = VI + V1 + V3 = 24 + 12 + 72 = 10811J 

1 1 
Alternatively: V = 2'CCq v1 = lX 6 x62 = 108).1J 

111iastralion 4:8\ Three capacitors of c~pacitances 4 ).IF, 

4 ).IF and 8 ).IF are cOlmected as shown across a battery of 
e.m.f. 12 V . . 

1. Find equivalent capacitance. 

Capacitor and Capacitance 4.11 

2. Find potential difference and charge on each capacitor. 

3. Find energy stored in each capacitor and total energy 
stored in the system of capacitors. 

12V 

Fig. 4.29 

Sol. 

1. C2 and C3 are in parallel, so their equivalent capacitance: 

C' = C2 + C3 = 4 + 8 = l211F 

This C' will be in series with Cj, so net equivalent ca-
. CIC' 4 x 12 

pacltance: Ceq = = -- = 3 ).IF 
CI+C' 4+12 

2. ql = Ceq V = 3 X 12 = 36).1e. q] will be divided into q2 and 

12V 

Fig. 4.30 

Potentials can also be found like this: divide 12 V in 
inverse ratio of CI and C' . 

C'V 12 x 12 
VI = =9V, 

C I+C' 4+12 

CIV 4xl2 
V2=V3= = --=3V 

CI+C' 4+12 

1 2 1 1 
3. VI = lCI VI = 2' x 4 x 9 = 162 ).1J 

1 2 I 2 
V1 = 2'C2V2 = 1 x 4 x 3 = 1811J, 

1 2 1 2 
V3 = ZC3 V3 = 2' x 8 x 3 = 36).1J 

Total energy: = VI + V2 + V3 = 216).11 

I 2 1 2 
Alternatively: V = 2'Ceq V = 2' x 3 x (12) = 216).1J 
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· ..:~ . 
4.12 Physics for IIT-JEE'~',~.~~ctricity and Magnetism 

KIRCHHOFF'S RUl.ES FOR CAPACITORS 

Kirchhoff's rules can be',~ed to determine the p.d, and charge 
on the plates of a capat;ifor in any electric circuit. It is being 
explained below with th~.help of an example. 

nlustratroo:7f~9. , FiJJtlout charges QI and Q2 on the.ca

pacitors C1 and C2 ~n 't~drcuit shown in Fig. 4.31. 

p-f~C~ 
C'T C

] T" 
YI' I ~ 

€z Cs 

tig.4.31 
Sol. Step I. Idemify isolated regions (IRs), considering cells as 
continuous circuit elementS and capacitances as discontinuous 
elements. 

All IR is a ~oritinuous region or group of circuit branches in 
which you can travel from.any one point to any other point in that 
region. There are four su.;;h regions in the given circuit. depicted 
by lines having differendhiOkness, namely 

(I) C3 and C l, (2) C h Co! Rnd C4, (3) C3, £2, C4 and Cs, (4) 
Cz, £1 and C5• 

Fig. 4.32 

Conservation o/Charge: Electric charge will remain conserved 
in every isolated regjon. 
Step II. Allocate char.&e~ on various plates of each capacitor 
rationally on the basis.qffo)lowing points: 

. c, 

a. Please note that ~e!iS" do ' not supply any extra charge. They 
only cause charg'e'tci flow from one point to another. 

b. The alg~biaic sull'! "~r all the plate charges in each IR must be 
zero (coRse~atiOll ·~t,ctiarge). 

c. The two plates ol.iach capacitor must be shown to have equal 
and opposite chai"ie~. :' .' 

:q; . @) (j) Q) 

(j)" H,~H 
~·'Q21_ . - ' :~ -- f'l:Q2+QI 1 
~Q'r::::; :,cJ~'-~'J 

F _..!'f,.: A +Ql ~QI B 
" (j) Q) 

Fig. 4.33 
This is done in five steps depicted by 1,2,3,4 and 5 in 

the given circuit (Frg. ~.3~). 

Now, calculate and show p.d. across the plates of each 

capacitor, using the fonnula V = . ~. 

Note: Naturally, the plates having (+) charge will have 
positive potential and those with (-) charge will have neg-
ative potential. 'l , J !' 

The algebraic sum of potential changes in each closed loop 
must be zero. 

1. For determining a closed loop, consider each capacitor as 
well as cell as a continuous circuit element. Please note 
that capacitors were considered as discontinuous elements 
while identifying IRs in step 1. 

2. A closed loop is the path travelled by you to-start from 
any point and reach the same point again. 

3. Sign convention is same as in the case of resistances, 

SIGN CONVENTION 

If you travel from (+ )vely charged plate of a capacitor or tenninal 
of a cell to (-)vely charged plate of a capacitor or tenninal of a 
cell, then the sign of V or £: is (-) and vice versa. 

V 
Q, v _Q, 

l - EI 2 C2 

r+
Q

, ~~' D - Q, I:~' 1 
Qz C3 . ~kJ +Q2+ Q I v) .. ~ _ 

c, L,O>~ lQ'-~' '~ 
£2 ~ 

F A +QI ~QI B 

V5=Ql 
C, 

Fig. 4.34 

Applying rule (2) in closed loop ABCDA 

_ ~ + £1 ~ .f0. _ Ql + Q2 = 0 
Cs C2 C4 

Q , (~+ ~ +~) + Qz = £:1 
Cz C4 Cs C4 

Applying rule (2) in closed loopADEFA 

Ql + I.!z + Q2 + Qz ~ £:2 = 0 
C4 Cl C3 

fu + Qz [..!.. + ~ + ~l = £2 
C4 C] C3 C4 

(i) 

(ii) 

Now, you have got two equations 0) and (ii) and two unknown 
QI and Q2 to solve. This can be done easily. 

For the sake of simplicity, 
If CI = C2 = C3 = C4 = Cs = I flF and Q2 = 0 (Le., 

V3 = 0), what should be {he values of $1 and S2? The previ
ous two equations become 

3Ql = £1 and Q l = $z => £1 = 3£2 
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llIustration 4.10 Consider the following circuit. Find out. 

the charge and potential difference across capacitor C I of 
capacitance 1 IJF. 

Fig. 4.35 · 

Sol. Applying Kirchhoff's rule to the closed loop ABFEA (Fig. 
4.36), we get 

+ Q2 - Ql _ Q!. == Q2 - Ql _ QI = 0 
C4 CI 1 X 10-6 I X 10-6 

Q2 = 2QI (i) 

C, 
V2 .. 

Q2 
C, 

A -QI' ,+QI E - Q2 I+Q2 'lfj V1 ... 
Q1 
c, t2" (Qr Qil -Q, c, C, 

- (QZ-QIJ +Q, 
V4=QrQI V3=Q2 c, C, C, 

B F C 

Fig. 4.36 

Applying Kirchhoff's rule to closed loop ABCDA, we get 

Q2 Q2 QI 
-- +4- --- ~O 

C3 C2 Cl 

Q, (1 1 ) - +Q2 -+- = 4 
C 1 C2 C3 

=} QI+Q2=4xlO- 6 Oi) 

From equation (i) and (ii), we get 

4 4 
QI = - f.lC and VI = - V 

3 3 

,Uustration 4.11 In the circuit shown in fig. 4.37, find the 

charge on each capacitor. 

A 

E " 10 V 

Fig. 4.37 

c 

CapaCitor. and CapaCitance 4.13 

Sol. Let total charge q !lows through the· battery, which gets 
divided at point A in ql and q2. The final cha.n~e on each capacitor 
is as shown in Fig. 4.38. Applying KVL in the loop (I), traversing 
clockwise, 

A 

E= IOV 

Fig. 4.38 

_~ _ q3 + q2 =0 or -ql -2q)+2q2 =0 
6 3 3 
For loop (2), traversing clockwise, We have 

_ (qj - q3) + q2 + q3 + q3 = 0 
3 6 3 

=> -2ql +5q3+q2= 0 

For loop ABCEA, traversing clockw·ise, we have . ., . 

(ii) 

-~ - (ql - q3) + 10 = 0 =} )ql - 2q) = 60 (iii) 
6 3 

Solving equations (i), (ii) and (iii), we get 

Illustration 4.12 Determine the equivalent capacitance 

between a and b. Each of the capacit,lu' shown in Fig. 4.39 
has capacity C. ' .. 

q, 

b .. ...... 
Fig. 4.39 . ''' ... , 

Sol. Method 1. Let the potential differEmcl!' applied across the 
terminals a and b be V and the charge sup~Jied · to t,he circuit 
due to this is Q. Now, equivalent capacitancy of the system is 
the capacitance of that single capacitor whic;.b would have the 
same charge Q on its plates when the battery,ofsame voltage V 
is applied across it. Hence, ,.. " 

Cetl = e (i) 

where, from conservation of charge, we m\lst have 

Q = ql + q2 +q4 = q4+q5 +q6 

ql+q2 = q5+q6 

(ii) 

(iii) 

and V = ~ . In a closed loop, the net potential drop must be 
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4.14 Physics for llT-JEE: Electricity and MagnetIsm 

Fig. 4.40 

zero~ from KVL. Therefore, for loop 1, loop 2 and loop 3, we 
have (traversing antic1ockwise) 

~_q2_q3=O 
C C C 
q2 _ q4+qS=O 
C C C 

"nd 

(iv) 

The conductor that connects the second, third and fifth capac
itors is electrically neutral. Hence, . 

q3+qS -q2 =0 

Similarly, for first, third and sixth capacitors 

ql +q3 =q6 (vi) 

Upon solving the equations (iii), (iv), (v) and (vi), we obtain 
. q, 

ql =q2 =qs =q6 = 2,andq3 = 0 

N C· _Q _ QI+Q2+q4_2C 
ow, oq - - -

. V Q4/C 
Method ~. Make the connection of point a to b (we can do this 
because-a -and b are at same potential) and note the indicated 
Wheatstone's bridge. Third capacitor will be useless. Now, sim
plify the circuit to obtain the desired resul t. 

DIELECTRIC 

Balanced 
Wheatstone's bridge -

Connect , _______ i. ________ , 

""b:b C1 i 

,,' 

a r'~ i 
I Ii T 

---------------_.' 
Fig. 4.41 

These are non-conductors upto ~ certain value of field depending 
upon their nature. If the field exceeds the limiting value, called 
dielectric strength, dielectric loses its insulating property and 
begins to conduct. 

Dielectric Constant 
When a dielectric material is placed between the plates of a 
cr'l-'<lcitor, the capacitance of the capacitor increases. The ratio 

of the capacitance of a given capacitor with the material filling 
the entire space between its plates to the capacitance of the same 
capacitor in vacuum is called dielectric constant of that material. 

C 
Dielectric constant K = -

Co 

Dielectric in an Electric Field 

Suppose a slab of dielectric material is placed in a uniform elec
tric field Eo set up between the parallel plates of a charged 
capacitor. The slab becomes electrically polarized. That is, its 
molecules become electric dipoles oriented in the direction of 
the field. The net effect is the appearance of negative charge on 
one face of the slab and an equal positive charge on the opposite 
face. The net charge in the interior of the slab remains zero. The 
polarization charges induced on the two faces of the slab pro
duce their own electric field E~, which opposes the external field 

Eo. Hence, the resultant field E within the djeleetric is smaller 
than Eo, but points in the same direction as Eo. 

, 

• 

Eo • 
, 

EO' + , 
---+£0 + 

Fig. 4.42 

The field in the rest of the (free) space is still Eo. Hence, we 
conclude that when a dielectric is placed in an electric field, 
the field 'within' the dielectric -is weakened (but not reduced to 
zero). 

The weakening of electric fie ld within the dielectric is i!lus
trated in Fig. 4.43. Here, the dielectric fully fil!s the space be
tween the plates. The figure (a) shows lhe original field. In other 
figures, some of the lines of force leaving the positive plate of 
the capacitor penetrate the dielectric; others terminate on the 
charges ioduced on the dielectric. 

The reduction in the magnitude of the electric fie ld from Eo 
to E causes a reduction in the potential difference between the 
plates of the capacitor. If Va and V be the potential difference 
with and without the plates, then we have 

Eo . Vo 
- ~ - 1· .. E~V/dJ 
E V 

~ C . d· I· fh But - = - = K, where Kls the te ectnc constant 0 t e 
V Co 

Eo Eo 
slab. So, E = K =? E = K ' 

Thus, the electric fie ld within the dielectric is reduced by a 
factor K. 

Induced Charge on the Surface of DieLectric 

Let K ::: dielectric constant, 
Eo = original field in vacuum if dielectric slab was not there, 
E; = electric field induced in the dielectric slab, 
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-a 
~ ,--

+ • + -
+ + 
+ ' + 

, + + , 
+ ~, 
+ +11 , 

+ 
+ 
+ -
+ + -

+' 
, 

" 
+ -
+ - + ' 

+ • , + -
+ - + . 
+ + '\\ -

, + , L -, ' L 
-a 

(a) Electric field of magnitude 
Eo between two charged' 
plates. 

(b) Introduction ofa dielectric 
constant K. 

~ 
., -a, a, + - , 

a " -a 
+ ~ql (1/ ,r=-

+:;-<Of---+ - +- + -

+ \ 
+- +-- + -

+ -
+- +-

+ - + 
+I:::-+-- +-
+ 

+ ~ + -
+ 

+-+-- + - +- +-
+ + . -
+I,,+-- +-
+ . , 

+- +-
+ U , 

+>-+--+-
+ I, 

+ " +-
+ " 

+- +-- +-
lea, a, L 

+- + -
'-;- -IT 

(e) The induced surface charges 
and their field (thinner lines) . 

(d) Resultant field of magnitude 
EolK when a die lectric is 
between charged plates. 

Fig. 4.43 

E = net electric field in the dielectric slab. 

E=Eo - E; 

and ~o :::: K (by definition of K of €,) or E :::: ~ 

Eo 
E;=-

K 
From (0 and (ii), Eo -

~K-~K_~ _ ~K-~-~K 

K-I 
E;=~Eo 

(1i K - Ja ---- --
EO K eo 

K-I 
(11:::: ---a 

K 

Q, K - I Q ------A K A 

(i) 

(ii) 

(iii) 

(iv) 

Capacitor and, Capacitance 4.15 

(a) Polar molecules (b) Polar molecules 
no applied ciectric field with 3p'plicd electric field 

(a) Polar molecules have random orientations when therds 
no app lied electric field. 

(bl The n~Iec\lles tend to line up with an applied electric 
fieldE. 

(a) Nonpolar molecules 
no applied electric field 

(b) Nonpolar molecules 
wi th app lied electric field 

(a) Nonpolar molecules have their positive and negat ive charge 
centers at the same point. 

(b) These centres becomes separated slightly by an applied 
clectricfleldE. 

Fig. 4.44 

+Q+ ..! ,.'.;. --Q . 
+ - .,.;\ +' 
+ ~ __ -+E",-_--,+t.j 
+ - + -
+ Ei +_ 
+ . ~ -
+ + 
+ L=. _____ .;.+OJ 

Fig. 4.45 

This is irrespective of the thickness of the dielectric slab, Le., 
whether it fills up the enlire space between the charged plates·or.: 
only part of it. . , . , ... ,,~ 

Dielectric Breakdown 

If a dielectric material is subjected to a 'sufficiently strong eJec· 
tric field, dielectric breakdown takes place and the dielectric be· ·· 
comes a conductor (a partial ionization tJw.t permits conduction 
through it). This occurs when the electric 'field is so strong that. 
electrons are ripped loose from their molecules and crash jnt~) .· 
other molecules, liberating even more elt;ctrons. This avalanche. 
of moving charge, forming a spark or art:discharge, often starts,; 
quite suddenly. . ,',' 

Because of dielectric breakdown, c.;apacitors alw&ys ha,>:,e ; : . 
maximum voltage ratings. When a capacitor is subjected to.eX:~ . , 

. ' -... ." . 

• 

-.. ' 

,' " 
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4.16 Physics for IIT-JEE: Electricity and Magnetism 

cessive voltage, an arc may form through a layer of dielectric, 
burning or melting a hole in it. This arc creates a conducting 
path (a short drcuit) between the conductors. If a conducting 
path remains after the arc is extinguished, the device is rendered 
permanently useless and cannot be used as a capacitor. 

The maximum electric field that a material can withstand 
without the occurrence of breakdown is called its dielectric 
strength. 

Capacity of Parallel Plate Capacitor with Dielectric 

Let a parallel plate capacitor has a plate area A and a separation d 
and a dielectric slab of thickness ( and area A is inserted between 
tht; plates. 

14 

+ 
+0' -0'-

+ 
+ 
+ 

+ -+ E = ..!!.... 

+ " 
d 

2 --+ ' 
A 

~I 

Fig. 4.46 

Let Q be the charge given to the capacitor plates. The electric 
field between the plates of the capacitor is given by 

£ = ~=~ 
So ABo 

The electric field in the region of dielectric slab is 

£'=£ =~ 
K KsoA 

We know that if the electric field is constant then potential 
difference between two points separated by distanced along the 
field line is Ed. 

The potential difference between two plates is, therefore 

Q Q Q 
~ -1,+ --1,+ -IJ 

soA KsoA soA 

Q Q Q Q 
~ -A(tl +13)+ --(2 = -Cd - t)+ - -I 

So K soA soA K BoA 

Q 
The capacity C = cc-'"-co- ~ ",-CC-=--c-

V+ - V_ (d t) 1 --+--
soA KsoA 

Note: 

• The capacitance in the above situation 'is independent 
of position of dielectric slab with respect to the plates. 
The capacitance depends on the thickness of the di
elet;tric slab and dielectric COllsta'lt. 

• The dielectnc constant of cOllducting slab (metal 
plate) is infinity (00), therefore term tlK reduces 10 
zero. If we insert a metal plate of thickness 1 between 
the plates of capacitor having area A and separatiOfl 

d, the capacitaNce will become C = eoA . Also, the 
d-I 

capacitance will be independent of position of metal 
plate between the plates of the capacitor." 

. eoA 
• If t «d, then C = (j' Hence, if we place a thin 

metal plate parallel to the plates of a capacitor, the 
capacitance of tile capacitor remains unchanged. 

If we place many dielectric slabs parallel to the plates of a 
capacitor as shown in Fig. 4.47, then capacitance is given by 

C = BoA 

d - (II + 12 + ... ) + (~ + ~ + ... ) 
kl k2 

( 

, ,..._~,,_ 12 I) 
I" d .. I 

Fig. 4.47 
If we introduce a number of dielectric slabs which completely 

fillthespace between the plates, i.e., d = tl + 12 + 13 + ... + {", 
then the capacity of the capacitor will be 

Illustration 4.13 A parallel plate capacitor with plates of 

area A and plate separation d, is partially filled with a dielec
tricslab of constant K, as shown in Fig. 4.48. The thickness of 
the dielectric slab is d/4. What is the equivalent capacitance 
of this arrangement? 

Sol. (a) If we introduce a thin meta! plate between the plates of 
the capacitor and parallel to it (figure b), the capacitance of the 
system will remain unchanged. The given capacitor arrangement 
is equivalent to the series combination of the two capacitors as 
shown in figure (c) because the electric potential is the same at 
all points on the lower surface of the dielectric. All the points on 
the surface of a conductor are equipotential, therefore all points 
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on fhe I-shaped conductor connecting _the two capacitors are 
equipotential. Thus, we can divide the entire region of capacitors 
in two parts. The capacitance of the two part capacitors are 

1 
4 

; ~ II 4 I ir~~~1 
~d1r 3d '3

4
d I C, .. 

(,) 

Ct = 

1,1 
(b) 

Fig. 4.48 

AKso 
d/4·andC2= 

I 

Aso 
(3d/4) 

1,1 
(0) 

. . 1 1 1 d/4 3d/4 
EqUIvalent capacity, - = - + - = -- + - -

Ceq C t C2 AKso Aso 

4eoA( K) 
=> CC<'j .= d 3K + i 
Alternative method: We can use direct formula; 

eoA 
Ceq = t 

d-t + -
K 

Here, t = ~. Thus, from (i) 

Ceq = 

(i) 

FORCE ON OIELECTRIC SLAB AT CONSTANT 
POTENTIAL OIFFERENCE . 

When a dielectric slab is placed near a charged capacitor, due 
to fringing effect the slab experiences a net force towards inside 
the capacitor. 

- It I 

Fig. 4.49 

Wc will find the force on a dielectric under two conditions: 
0) in first case, when the battery remains connected and Oi) in 
second case, after the battery is disconnected. 
(i) When battery remains connected: Here, Vremains con
stant. 

Let us consider a parallel plate capacitor with plates of width b 
and length t. The distance between the plates is d. The capacitor 

Capacitor and Capacitance 4.17 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

f;:" 

---- . 

E -

-
-
-
-
-
-
-
-
-

The fringing field at the edges of 

the capacitor exerts forces 1..1 

and 1+1 on the negative and 

positive induced surface charges 

ofa dielectric, pulling the 

dielectric into the capacitor. 

- +I? 

Vi', 
~ ~ 

Dielectric 

Fig. 4.50 

is connected to a battery of e.m.f. V. Let a dielectric is inserted 
up to distance x, then 

v 

sob(l- x) 
Ct = d ; 

Ksobx 
Cl = -

d 

v 

++ + +++ 

Fig. 4.51 

c, 

C = CI + C2 = sob [I + x(K - 1)]; 
d 

i 2 isob 2 
U~-CV ~--II+x(K - l)IV 

2 2 d . 

dU I eobV2 

Force on dielectric: IFI = dx = 2 - d-(K - 1) 

c, . 

(ii) When battery is disconnected after charging the capaci
tor: Here, q remains constant. 

T E : : :: 

~ ~ 
+ + 

Fig. 4.52 
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4.18 Physics for JIT-JEE: Electricity and Magnetism 

.. Force on dielectric: 
q 2d(K - I) 

F 0=; ""2c'-o"bI'7/ 'c+'-x-O("'K--'-CCI )"'J' 

Effect of Dielectric on Different Parameters 
; ~ . 

Let the entire space between the plates of R capacitor is filled 
with a dielectric of dielectric constant K undcr two conditions: 
(a) in first case, when the battery remains connected and (b) in 

'~second case, aftcr the battery is disconnected. 
(a) When battery remains cOllnected (see Fig, 4.53): In this 
case potential difference across the plates will remain same, i.e., 
V 0=; Vo, as battery is a source of constant potential difference. 

I 
l Extra charge 

+ q ~Ow =qo(K-l ) 

E! Keo VO 

'----------.JI - q T 
Fig. 4.53 

• Capacitance increases, i.e., C 0=; K Co, as capacitance de
pends upon geometrical factors only. 

• Charge on capHcitor: q ::: CV ::: K Co Vo 0=; K qo 
C·: initially qo 0=; CoVo) 

Thus, charge increases and becomes K times of previous 
charge. 

• Electric fie ld : 

E 0=; [,,] = Vo = Eo J as V = Vo and Vo = Eo I 
d d 1 d 

Thus, electric field remains same. 

• Energy stored in the capacitor: 

I 2 I 2 I 2 u =."2C V 0=; i(KCo)CVo) = KiCoVo = KUo 

{as C = KCo and Vo = ~COV;)} 
Thus, energy increases and becomcs K times of previous 
energy. 

Note: Ou iusertioll oj dielectric, all extra charge of 
q - qo = ljo(K -1) willflo~ ill lite ci,.cuit through the battery , 
from the lIegative plate to the pos~tive plate of the capacit01: 

(b) When buttery is disconnected (see Fig. 4.54); in this case, 
charge on the plates wil l remain s·ame, i.e., q = qo, as in an 
isolated system charge is conservcd. 

1+'1 1 
U E! KCo Vo 

L_l 
Fig. 4.54 

• Capacitance increases, i.e., C = K Co, as capacitance de
pends upon geometrical factors only. 

• Potential difference between the plates: 

q qo Vo 
V= -=-~-

C KCo K 

So, the potential difference decreases. 

• Field between the plates: 

V Vo Eo 
E~-~-~-

d Kd K 

So, field decreases. 

f Vo Vol laSV="KandEo=d 

• Energy stored in the capacitor: 

u= i...=....!!lL = UO 
2C 2KCo K 

{asq = qo and Co=; KCo} 

So, energy decreases. 

SPHERICAL CAPACITOR 

It consists of two concentric spheJ:ieal conducing shells of radii 
a and b, say b > a (Fig. 4.55). The outer shell is earthed. Place 
a charge +Q on the'inner shell. It will reside on the outer surface 
of the shell. A chargc - Q will be induced on inner surface of 
outer shell. A charge +Q will flow from outer she!! to earth. 

Gaussian surface 

Fig_ 4_55 

Consider a Gaussian spherical surface of radius r such that 
a <,. < b. 

From Gauss's La'w, electric field at d'istance r > a is 

Potentilll difference: 

Q E= ---
4.Jl"So,.2 

b b 

Vb - Va = -/ E ·dr = -/ -_Q- dr 
4.Jl"So,.2 

" Since VI> = 0 

" 
Va = / Q 2 dr 

4.Jl"Sol" 

" 

" 

Q(b - a) 

4.Jl"soab 

Q 4.Jl"f:oa/J 
---

V" h - a 
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CYLINDRICAL CAPACITOR 

It consists of two coaxial cylinders of radii a and b, say b > a 
(Fig. 4.56). The outer one is earthed. The cylinders are long 
enough so that we can neglect fringing of electric field at the 
ends. Electric field at a point between the cylinders will be radial 
and its magnitude will depend on the distance from the central 
axis. Consider a Gaussian surface of length y and radius r such 
that a < r < b. Flux through the plane surface is zero because 
electric field and area vector are perpendicular to each other. 

- A 

A long cylindrical capacitor. The linear charge density..l is 
assumed to be positive in this figure. The magnitude of 
charge in a length L of ei ther cylinder is ?L. 

Fig. 4,56 

For curved part, ¢ = / E . d'S = J Eds 

:::} ¢=E! ds=E·2Tlry 

Charge inside the GaussiaJi surface, q :::: Qy 
, L 

From Gauss's Law, ¢ = E21fry = Qy ~ E = Q 
Leo 21fsoLr 

Total charge + q Total charge - q 
Across section ofa long 
cylindrical capacitor, 
showing a cylindrical 
Gaussian surfacc of 
radius r (that encloses 
the positive plate). This 
figure also serves to 
illustrate a spherical 
capacitor in a cross 
section thro ugh its 
center. 

~ 

Path of 
intcgrlltion 

Fig. 4.57 

Potential difference: 

" , 
Vb - Va = - E . dr .= - dr = - -- -d, 1- - I Q Q II 

21fsoLr 21fsoL r 
" 

Q b 
~ Va = - -- In -

21feoL a 
Q 

Capacit<lnce: C = ",-=-,-, 
V" - Vb 

" 
(since Vb "" 0) 

Q 21feoL 
= - =---Inm 

Capacitor and Capacitance 4.19 

Concept Application Exercise 4.2 

1. A conductor is an extreme case of dielectric, since if an 
electric field is applied to a conductor, charges are free to 
move within the conductor to set up "induced charges". 
What is the dielectric constant of a perfect conductor? Is it 
K = 0, K ....,. 00 or something in between? Explain your 
reasoning. 

2. A capacitor of capacitance C is charged to a potential dif
ference Vo. The terminals of the charged capacitor are t.hen 
connected to those of an uncharged capacitor of capaci
tance C /2. Compute 
a. the original charge of the system; 
h. the final potential difference across each capacitor; 
e. the final energy of t.he system; 
d. the decrease in energy when the capacitors arc con

nected. 
e. where did the "lost" energy go? 

3. f . parallel plate vaClium capaeitor with plate area A and 
separation x has charges +Q and - Q on its plates. The 
capacitor is disconnected from the source of charge, so the 
charge on each pillte remains fixed. 
a. Whllt is the lotlll energy stored in the capacitor? 
b. The plates lire pulled apart an additional distance dx. 

What is the change in the stored energy? 
e. If F is the force with which the plates attract each other, 

then the 'change in the stored energy must equal the 
workdW = F dx done in pulling the plates apart. Find 
an expression for F. 

d. Explain why F is not eqtwl to QE, where E is the 
electric fi eld between the plates? 

4. You have two identical capacitors and an external potential 
source. 
a. Compare the total energy" slored inlhe capacitors when 

they are connected to the applied potential in series and 
in parallel. 

b. Compare the maximum amount of charge stored in each 
case. 

c. Energy storage in a capacitor can he limited by the 
maximum electric field between the plates. What is the 
ratio of the electric field for Ihe series and parallel com
binations ? 

5. A circuit has a section AB shown in fig. 4.58. 
14 

5V 
~I 

A 0---1 f,------< f----I f---< 8 

CI " !I1F IOV C2~211F 

Fig. 4.58 
The e.m.f. of the cell is 10 V and the capacitors have 
capacitances Cl = I ).IF and C2 = 2 ).IF. The potential 
difference VAB = 5 V. Find tile charges on the capacitors. 

6. A dielectric slab is inserted at Olle end of a charged parallel 
plate capacitor (the plates being horizontal and the charg
ing battery having been disconnected) and then released. 
Describe what happens. Neglect friction. 

, 
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4.20 Physics for I!T·JEE: Electricity and Magnetism 

7. While a capacitor remains connected to a battery, a ,di
electic slab is slipped-between the plates. Describe qualita
tively what happens to the charge, the capacitance, the po
tential difference, the electric field strength and the stored 
energy. Is work required to insert the slab? 

8. If you have several 2.0 ).IF capacitors, each capable of 
with-standing 200 V without breakdown, how would you 
assemble a combination which has an equivalent capaci-· 
tance of 
a. 0.4 J.lF, and 
b. 1.2 1lF. each withstanding 1000 V? 

9. N identical capacitors are connected in parallel and then 
a potential difference of V is applied to them. Find the 
potential differenc,e when these capacitors are reconnected 
in series. their charges being left undisturbed? 

10. In the arrangement shown in Fig. 4.59, plate B is given a 

charge equal to 60 f.1c. The ratio ~~ = 2. Then 

ABC 

q,~" d, q:~:. d, q,~" 
Fig.4.S? 

\ 
11. In Fig. 4.60, the plate A has 100 IlC charge, while the 

plate B hils 60).lC charge. 

Fig. 4.60 
a. When both switches are open, then 

ql = q2= - --
q3 = q4 = __ _ 

h. When only switch SI is closed, th{'.n 
ql= - --
q2 ~-~-

q3 ~---

q,~---

c. Whcn switch S2 is also closed, then 
ql=---
q2= __ _ 
q3~ _ _ _ 

q4=--_ 

• 

12. For the network of capacitors shown in Fig. 4.61. 
a. Find the potential of junction B, 
h. Find the potential of junction D, 
c. Find the charge on eaeh 2 IlF capacitor. 

A B 

lOY 

Fig. 4.61 

13. In Fig. 4.62, the system is in steady state. Find 

lOOV 

I" 
Fig. 4.62 

a. VA - VB = __________________ _ 
h. VB - Vc = __________________ _ 
c. V D - V £ = _____________ _____ _ 

d. The energy stored in the circuit = _______ _ 

14. State the following statement as true or false. 
a. If a battery is connected across a circuit consisting of 

two identical capacitors and it is found that, in steady 
state, the two capacitors have equal charge, then the 
two capacitors must be in series with each other. 

b. If a battery is connected across a circuit consisting of 
two capacitors having different capacitances and it is 
found that, in steady state, the two capacitors have equal 
charge, then the two capacitors must be in series with 
each other. 

c. If a battery is connected across a circuit consisting of 
two identical capacitors and it is found that, in steady 
state, the lWO capacitors have equal charge, then the 
two capacitors may be in series with each other. 

15. Find equivalent capacitance between points A and B 
shown in Fig. 4.63. 

A' '-~r--r:~~c;::L--; c+t-~tl;t'8 
Fig. 4.63 
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Solved Examples 

Exumplc4.1 Fig. 4.64 shows two Identical parallel 
plate capacitors connected to a battery with the switch S 
closed. The switch Is now opened and the free space between 
the plates of the capacitors Is filled with a dielectric of di
electric constant (or relative permittivity). Find the ratio of 
the total electrostatic energy stored In both capacitors before 
and after the introduction of the dielectric. (IIT'JEE, 1983) 

vr-l'l 
1 1". T8 

Fig. 4.64 

Sol. Initially, when the switch is closed. both the capacitors A 
and B are in parallel and the energy stored in the capacitors is, 

I 
therefore, V, = 2 X '2CV2 = CV 2 (i) 

When switch S is opened, B gets disconnected from the but
tery. The capacitor B is now Isolated, the charge on un isolated 
capacitor remains constant, often referred to as bound charge. 
On the other hand, A remains connected to battery. Hence, po
tential V remains constant on it. 

When the capacitors are filled with dielectric. their capaci
tance increases to kC. 

I Q' 
Therefore, energy stored in B changes to '2 kC' where 

Q = C V is the charge on B which remains constant, and energy 

stored in A changes to ~kCV2. where V is the potential on A 

which remains constant. Thus, finally, the total energy stored in 
the capacitors is, 

I (CV)' I , I '( I) Uf ~ --. -. - + -kCV ~ -CV k + - (ii) 
2 · k'C 2 2 k 

... fidUI 2k From (1) and (11), we n - ~ -k' I 
Uf + 

It is given that k = 3. Therefore, we have"UI = 3
5 Uf 

Two parallel plat~ capacitors of capac
itance C are connected In series with a, battery of e.m.f. 8. 

Then, one of the capacltors..i~ filled with, a dielectric of di-
electric constant k. / ,'-- '. 

Exmll)llc 4.2 

1. Find the change In electric ~ela -in ,the two capacitors, If 
any. , 

2. What amount of charge flows through the battery? 
3. Find the change in energy stored-in the circuit, If any. 

Sol. 

1. 1\vo capacitors A and B initially have same charge Q and 
potential V = Q/C. The electric field between the capacitor 
plates is given by E = V/d. Since the two capacitors are 
connected in series with the battery, the sum of potentials 
across the capacitors must be equal to e, 

/ 

Capacitor and Capacitance 4.21 

A 8 

[,] 
Fig. 4.65 

2Q 
Le., e = 2 V = C (i) 

2. When one of the capacitors, say A, if filled with a dielec
tric, the capacity of A increases to C' =kC while that of B 
remains unchanged, i.e., C. 

Suppose, now charge on the capacitors becomes Q' and po
tentials across A and B arc VA and VII' respectively, with 
VA + Vjl =8. 

Q' Q' Q' 
Hence, we havc VA = C' = kC and Vf/ = C 

Q' ( I) Hence, 8 = C I + k . (ii) 

From (i) and (ii), we get Q' = I ~ k Q 
2 

Since k > 1, therefore Q'> Q. Also, VA = --v and I+k 
V'-~V 
IJ- I+k 
Thus, the electric field (or potential difference) in capacitor 

A decrease.~ by a factor of ( I' ! k) while that in 8 in~reases 

by a fucto; of C ~ k). 
The amount of charge that flows into the circuit is given by 

., · (2k ) k-I Q t.Q ~ Q - Q ~ 1 + k - I Q ~ k + I 

I k-I 
~ --- C, 

2k + I 
I 

Initially, the energy is given by VI = 2 X 2CV2 = CV2 

Final energy is, 

". ' .• , 

I , t2 - I t2 
Uf=2CVA +2CVn 

= -kC -- V2+ _ C - - V' I (2)' I (2k)' 
2 I +k 2 I +k 

. / 
= ~ (~CV2) = ~Uj 

l+k 2 l+k 

Example 4.3 Five identical conducting plates 1, 2, 3, 
4 and 5 are fixed parallel and equidistant from each other 
as shown In Fig. 4.66. Plates 2 and 5 are connected by a 
conductor while 1 and 3 are joined by another conductor. 
The)unction of 1 and 3 and the plate 4 are connected to a 
sou'rce of constant e.m.f. Yo. Find 

1. the effective capacity of the system between the terminals 
of the source, . 
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4.22 Physics for IIT·JEE: Electricity and Magnetism 

2. the charges on plates 3 and S. 

Given d = distance between any two successive plates and 
A = area of either face of each plate. 

/I (-) 
~~ 

Fig. 4.66 
Sol. 
1. The equivalent circuit is shown in Fig. 4.67. The system con· 

sists of four capacitors, i.e., C12, Cn, C34 and C54. The ca
pacity of each capacitor is (KsoAjd) = Co. 

The capacitors CI2 and Cn are in parallel, t~· capacity 
is Co + Co = 2Co. The capacitor CS4 is in series with the 
parallel combination of CI2 and Cn. Hence, the resultant 

.. Cox2Co 
capacity will be C 1 = 

Co + 2Co 
(------r-2 - -' 
, ' 
: (Q212) : , ' , ' 
:(Q2/2)32:54 

(~-Q"-'--D 
Ql 3 4 

Fig. 4.67 

Further, C34 is again in parallel with the combination of 
C12, Cn, C54 • Hence, the effective capacity 

Co x 2Co 5 
Ceff. = Co + Co + 2Co = "3eo = 

5 A 
-Kso -
3 d 

2. Charge on the plate 5 = charge on the upper half of parallel , ,(2) 2 KeoAVo 
combmation, Q5 = Vo "3 Co ="3 d 

Charge on plat~3 on the surface facing 4 

= VoCo = KeoAVo 
d 

Charge on plate 3 on the surface facing 2 
= [potential difference across (3 - 2)] Co 

Co AVo 
:= Vo Co:= Keo--

Co + 2Co 3d 

Net charge on plate 3: 

Q
. _ KSoAVo K AVo - KSoAVo [ )] 
~ _ + so-- - 1+-

d 3d d 3 

4 A 
= "3Ke0"dVo 

Two capacitors of capacity 3.00 IJF and 

2.00 IlF are separately charged with a 24.0 V battery. After 
they are fully charged, they are connected as shown in Fig. 
4.68 (a) and (b). 

In each of the two arrangements, find the energy stored 
on each capacitor (a) before switch S is closed and (b) after 
switch S is closed. 

• 
CI ~ 3.00 ~F 1 lC2 ~ 2.00 IlF 1 I 

~'s "( ~rT 
(a) (b) 

Fig. 4.68 

Sol. a. When the switch S is open, the charges on the uncon
nected plates are bound, they have no place to go. Charges cannot 
move in open wires, a closed circuit is a must. The charges on the 
connected plates are held in place due to Coulomb attraction of 
bound charges on the unconnected plates, which prevents them 
from combining. 

Each capacitor retains its charges and the potential difference 
it had when originally connected to the battery. Initially, energy 
stored in the capacitors, 

VI = ~CI(.6.v)2 == ~(3.00 x 10- 6)(24.0)2 = 8.64 X 10-
4 

J 

V2 = ~C2(6. V)2 = ~(2.00 X 10- 6)(24.0)2 = 5.76 X 10-4 J 

The total energy of this system of capacitors is 

U = VI + U2 = 1.44 X 10-3 J 

b. When the switch is closed, the charges can combine such that 
net charge is conserved. The magnitude of initial charge on each 
capacitor is 

Qt = Cl 6.V = (3.00 x 10-6)(24) =72 x 1O-6 C =72!-1C 

Q2 = C2 6. V = (2 x 10- 6)(24) == 48 x 10- 6 C = 48 IlC 

Case (i) The positive plate of C I is connected to negative plate 
of C2, therefore net charge on both top plates is (QI - Q2) and 
on the lower plates is -(Ql - Q2). 

Qnet = QI - Q2 = (72 - 48) X 10-6 = 24 X 1O- 6 C 

_U~ ru 
Case (il): The positive plate of Cl is connected to positive plate 
of C2, therefore net charge on both top plates is (Ql + Q2) and 
on the lower plates is -(QI + Q2). 

Qnct = QI + Q2 = (72 + 48) x 10- 6 C = 120!-lC (li) 

After the switch is closed, the two capacitors are in parallel. 
Consequently, potential differences across the two capacitors are 
equal: . 

c;:= C2 
(iii) 

On solving equations (i) and (iii), we obtain final charges on 
the two capacitors in Case 0) 

Q'I := 14.4!-1C and Qz = 9.60!-lC 

The potential difference across each capacitor is now 

6. V = Q'I = Flz = 14.4 = ?60 = 4.80 V 
Cl C2 3.0 . . 2 

Final energy on the two capacitor~, 

U
' 

= Q? = (14.4 x 1O-
6

y2 ~' 3'4i~·' 1O-5"J 
1 2CI 2(3 x 10-6 ) ' . 
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I Qf (9.60 x 10-6)2 - 5 
and V2 = 2C2 = 2(2 x 10-6) = 2.30 x 10 J 
The total energy is now 

Vi = V~ + V~ = 5.76 X 10-5 J 

The energy of the system has decreased. Work was required 10 

transfer charges between the plates when switch S was closed. 
This work was supplied by the electric field. 

t:.V = V:OI. - V!Ol. = - 1.38 X 10-3 J 

Same charge as initial value. 
Final energy on the two capacitors, 

(72 x 10-6i = 86.4 x 10-5 J 
2(3 x 10 6) 

Q" (48 x 10-6)' 
and V' = _2 = 57.6 X 10- 5 J 

2 2C2 2(2 x 10 6) 

o 

Total final energy is now V' = VI + V2 = 1.44 x 10-3 J 

. . Two parallel plate capacitors A aid B Example 4.5 " 

hav-e,the same separation d = 8.85 x 10-4 .m between the 
plates. The plate area of A and Bare 0.04 m2 and 0.02 m1 

respectively. A slab of dielect~ic constant (relative permit
tivity) K = 9 has dimensions such that it can exactly fill the 
space between the plate~ of capacitor B. 

0 ~ 0 T 
IlOV 
(.) (b) (0) 

Fig. 4.69 

1. The dielectric slab is placed inside A as shown in figure 
(a). A is then charged to a potential difference of 110 V. 
Calculate' the' c'apacitance of A and the energy stored in 
iL ' . 

2. The battery is disconnected and then the dielectric slab ... , " ' ". , 

is re.moved from A. Find the work done by the external 
agency in,' iriin.oving the slab from A. ' 

3. The same dielectric slab is now placed inside B, filling 
it' completely. The 'two capacitors A and B are then con
nected as shown in figure (c). Calculate the energy stored 
in the system. (IIT-JEE, 1993) 

Sol. 1. The capacitor A with dielectric can be considered as two 
capacitors in parallel. one having dielectric state and the other 

, A 
having no dielectric state. Such capacitor has an area of '2' The 

combined capacitance is 

110 

Fig. 4.70 

. , 

Capacitor and Capacitance 4:23 

C = C
1 

+ C2 = (AI2) So + (A/2) So Sr = ~ So [1 + S ] 
d d 2 d r 

0.04 x 8.85 x 10-
12 

1 9 = 2 X 10- 9 F 
= 2 x 8.85 x 10 4 [ + 1 

[ 2 I ' 9 2 
Energy stored = lCV = 2: x 2 x 10- x (110) 

= 1.21 x 10- 5 J 
2. Work done in removing the dielectric statc = (Energy stored in 
capacitor without dielectric) - (Energy storcd in capacitor with 
dielectric). 

It may be noted that whi[c taking out the dielectric the charge 
on thc capacitor plate remains the same. 

(/ q2 

W=2C'-2C 
Aso 0.04 x 8.85 x 10- \2 

Here, C = 2 x 10-9 P, C' = - ~ ""-';:~===i-
d 8.85 x 10- 4 

=O.4x 1O-9 F 
q=CV=2x IO- Y x llO=2.2x 1O-7 C' 

W = (2.2 x 10-7 )2 [ 1 ( 1 
2 0.4 x 10 9 2 x 10 9 

= 4.84 X 10- 5 J 
SOErAn 

3. The capacitance of B = ---
d 

Cn = 1.8 x 1O- 9 F 

The charge on A, qll = 2.2 X 10-7 C, gets distributed into 
two parts. 

q l +{J2 =2.2 X 1O-7 C 
Also, thc potential differencc across A = p.d. across B 
ql q2 CII OA X 10-9 

CA = CIl =? (jl = C
Il 

q2 = 1.8 X 10-9 ::::} q2 = 0.22q2 

0.22q2 + q2 = 2.2 x [0-7 

2.2., 7 
(j2 = - x 10- = 1.8 x 10- C and 

<.22 

ql =0.4 X 1O- 7 C 
q2 q2 

Total energy stored = - '- + -'-
2CA 2Cl1 

=0.2x 1O-5+0.9x 10- 5 = [.[ x 1O- 5J 
Alternatively, the combined capacitance of the two capacitors 

can be found. The total charge on Ihe two capacitors is known. 
Q' 

The energy can be found llsing the formula --. 
2 Ceq 

,.Example 4.§", Two capacitors A and B with capacities 
3 and 2 IJF are charged to a potential difference of 100 and 
180 V, respectively. The plates ofthc capacitors are connected 
as shown in Fig. 4.71 with one wire from each capacitor free. 
The upper plate of A is positive and that of B is negative. An 
uncharged 2 JlF capacitor C with lead wires falls on the free 
ends to complete the circuit. Calculate 

1. the final charge on the three capacitors, 
2. the ~mount of electrostatic energy stored in the system 

before and after the completion of the circuit. 
(IIT-JEE, 1997) 
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4.24 Physics for IlT-JEE: Electricity and Magnet.ism 

Fig. 4.71 

Sol. 1. We will attempl this question on the basis of charge 
conservation. 

·Initially: 

I +AH= +n: I-I +: I y- +p ~~ 
.. ql .. ~ ql .. 

l00V 180V 

Fig. 4.72 

C«J. " 615 )IF 

.. 280 V .. 

Charge on capacitor A, qA = 3 X 10- 6 X lDO = 3 x 10-4 C 
Charge on capacitor B, q IJ = 2 x 10- 6 x 180 . 

Finally: 

+ -
Ceq. " 615 )IF 

+ 
Ceq. " 6/5 )IF 
~ .. 

. V' .. 105 V 

= 3.6 X 10-4 C 
qO Co - 2)lF 

+ -
,---.j 1=-----, 

+ -
+-V' " lOS V----.. 

V'1 "' 30V V'2 '" 75V 
q'l Q'2 

Fig. 4.73 

Let the chargc on capacitor A, Band C be ql, qz and q), 
respectively. 
By charge conservation; 

The sum of charges on plates 2 and 3 should be equal to qA: 

ql + qz = 3 X 10-4 (i) 

Similarly, the sum of charges on plates 4 and 5 will be equal 
to qB: 

-qz - q3 = -3.6 X 1O-4qz + q3 = 3.6 X 10-4 (ii) 

Applying Kirchhoff's law in the loop ACBA, we get 

ql ·q2. + ---.!!2.._ = 0 
3xlO 6 2xlO 6 2xlO-6 

2ql - 3qz + 3q3 = 0 (iii) 

On solving (i), (ij) and (iii), we get 

ql = 90 X 1O- 6 C,qz = 210 x 10-6 C and 

q3 = 150 X 1O-6C 
2. A:mount of electr?static energy in the system initially 

~ x 3 X 10-6(100)2 + ~ x 2 X 10-6(180)2 = 4.74 X 10-2 J. 

gxamJllc 4.7 

Fig. 4.74 
Sol. We consider a differential strip of width dx and length b to 
approximate a differential capacitor of area bdx and separation 
d = Yo + (:) x. All such differential capacitors are in parallel 
arrangement. 

Fig. 4.75 

=> C = f de 

" 

f dx 

C='ob ( YO) 
o Yo +-;x 

= ~ [In (YO + ~ x a)] = 'oab In2 
(Yo/a) Yo Yo 

We cun determine expression for capacity in terms of e as 
d=(yo+xtane) 

, 
C=fdC=f sobdx 

(Yo + x tan e) 
o 

= sob In (YO + a tan e) 
tan e Yo 

For small e, tane = e =? C = sob In (1 + ae) e Yo 
Now, we cun use the expansion 

I 2 
10g(1+x)=x-"2 X + ... 

For x < 1, we can neglect higher powers. Thus, 

r = '~b [:: -~ e~)'] = '::b [1- ;:,l 
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EXERCISES 

Capacitor and Capacitance 4025 \ 

=========\ 
'. Sl!bjective Type ..... , j Solutions· on poge 4.40 

"h " " 

10 Identical metal plates are located in flir at equal distance 
d from one another. The area of each plate is equal to A. 
Evaluate the capacitance of the system between P and Q 
if plates are interconnected as shown in Fig. 4.76. 

('===-r<>P 
~Q 

(':::::=:=r<>P \;===roQ 
1'1 Ibl 

101 Idl 
Fig. 4.76 

2. The capl!.citors in Fig. 4.77 are initially uncharged and 
are connected as in the diagram with switch S open. The 
applied potential difference is Vab = +360 V. 

3.00~OO"F 

1 b 

6.00 ~F 3.00 ~F 

Fig. 4.77 

ao What isthe potential difference Vcd? 
I 

bo What is the potential difference across each capacitor 
after switch S is closed? 

co How much charge flowed through the switch when it 
was closed? 

30 If the area of each plate is A and the successive separations 
are d, 2d and 3d, then find the equivalent capacitance 
across A and B. 

, 
A 

3d 

Fig. 4.78 

40 'fWo capacitors A and B with capacities 3 and 2 I1F are 
charged to p.d. of 100 and 180 V, respectively. The plates 
of the capacitors are connected a~ shown in Fig..4.79. The 
upper plate of A "is positive and that of B is negative. An 
uncharged capacitor C of211F capacitance with lead wires 
falls on the free ends to complete the circuit. Calculate 

a. the final charge on the three capacitors, and 

b. the amount of electrostatic energy stored in the sys
tem before Rnd after the completion of the circuit. 

Al!OOV /~. 
5, 

Fig. 4.79 

S. 'Condensers with capacities C, 2C, 3C and 4C are charged 
to the voltage V, 2 V, 3 V and 4 V correspondingly (Fig. 
4 .. 80). The circuit is closed. Find the voltage on all the 
condensers in equilibrium. 

c. V 
,------:1p-

) . ~2C 
4C tl TlV 
4VL . ' T 
~ r=---' 

le.3V 

Fig. 4.80 

60 In Fig. 4,81, when switch is swapped from 1 to 2, find the 
heat produced in the ci~uit. 

1 I 1 
Cq1=t==c~~:, Cf' 

Fig. 4.81 

7. Consider the network shown in Fig. 4.82. Find the effec
tive capacity between A and B. Assume C = 25 11F. 

A 

Fig. 4.82 

80. A capacitor of capacitance CI = 1 I1F can withstand a 
maximum voltage of VI = 6 kV and another capacitor of 
capacitance Cz = 2 IlF can withstand a maximum volt
age of Vz = 4 kV. If they are connected in series, what 
maximum voltage will the system withstand? 
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4.26 ~hysics for IIT-JEE: Electricity and Magnetism 

9. What charges (in IlC) will ,fiow through section B of the 
circuit in the direction shown when switch S is closed? 

,A 

3Ov1 l"F 
I-rsI 

6.0VT ~ r311F 

e 
Fig. 4.83 

10. A parallel plate capacitor contains a mica sheet (thickness 
10- 3 m) and a sheet of fibre (thickness 0.5 x 1O-3m). The 
dielectric constant of mica is ·S and that of fibre is 2.5. 
Assuming that the fibre I;>reaks down w/len subjected to 
an electric field of 6.4 ,x 106 Ym- 1, filJd the maximum 
safe voltage that can. be applied to the capacitor. 

11. Find the poteI)..tial difference between .the points ,M and 
N of system shown in Fig . .4.84 if the e.m.f" is equal to 

h 
. . C2 

E = 110 V and t e capacitance ratio G;" = 2. eTc, 
J: 

E E 

Fig. 4.84 
< 

12. Fig. 4.85 shows a network of seven capacitors. If charge 
on 5 )IF capacitor is 10 )le, find the potential difference 
between points A and C. 

3,F 

A 

"&re, 
4j.lF 4).lF . B 

e,.t{' 
Fig. 4.85 

13. In the circuit shown (Fig, 4,86) the e.m.f. of each battery 
is 60 V and C 1 = 2 IlF and C2 = 3 ).IF. Find the charges 
that will flow through the sections 1, 2 and 3 after the key 
is closed. 

14. Find the potential difference between the points A and B 
and that between E and F of the circuit shown in Fig. 4.87. 

15. Some capacitors each of capacitance 30 ).IF are connected 
as shown in Fig. 4.88. Calculate equivalent capacitance 
between terminals A and B. 

23V 

5).1F 15).1F 

i 1 f-I +1- 1 

O.7~).IF T I T O.75j.lF 

r------;------11 F 1 
5j.lF J511F 5j.lF 

1511F 

1 

Fig. 4.87 

Fig. 4.88 

Objective Type 

1. TWo copper spheres of same radii, one hollow and the 
9ther solid, are charged to sa.me potential. Then, which, if 
any, of t~e two will have more charge? 

a. Hollow 
b. Solid 
c. Both will have the same charge 

\d. Nothing can be predicted 

2. The distance between the plates of a parallel plate capac
itor is d. A metal plate of thickness dl2 is placed between 
the plates. What wil! be its effect on the capacitance? 

a. Capacitance wil! be halved 
h. Capacitance wil! be doubled 
c. Capacitance will not change 
d. Capacitance will become 1.5 times original 

3. TWo metallic charged spheres of radii Rl and R2 having 
charges Ql and Q2. respectively, are conni'!cted to each 
other. There is . 

a. no change in the energy of the system 
b. an increase in the energy of the system 
c. always a decrease in the energy of the system 
d. a decrease in energy of the system unless 

QIR2 = Q2Rl 
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4. In the circuit of Fig. 4.89, find the charge of the condenser 
having capacity 5 1lF. 

~"~"~ 
P~~Q 

a. 4.5)..te 

c. 71lC 

'v 
Fig. 4.89 

b. 91lC 

d. 30 ~C 

5. In the accompanying diagram, if C1 = 3 IlF, C2 = 61lF, C3 

= 91lF, C4 = 121lF, C~ = IS IlF and C6 = 181lF. then the 
equiv!,llent capacitance between the ends A and B is 

a. 1.221lF 

c. 2.251lF 

b. 5.16 ~F 
d. 2.51 IlF 

6. Three capacitors of capacitances 2, 3 and 4 pF are con
nected in parallel. What is the charge (in pC) on each 
capacitor if the combination is connected to a 100 V sup
ply? 

a. 200, 300, 400 h. 300, 200, 400 

c. 400, 300, 200 d. 400. 200. 300 

7. In the above question, if the capacitors were connected 
in series, find the potential difference (in V) across each 
capacitor. 

300 600 . 400 
a. 13' 13'13 

300 400 600 
c. 13' 13'13 

b 600 300 400 
. 13 ' 13' 13 

600 400 300 
d' 13' 13' 13 

8. Four identical metal plates, each with a surface area A 
(on one side), are placed a distance d from each other as 
shown in Fig. 4.91. The two inner plates are connected to 
point B and the other two plates to another point A. Then, 
the capacitance of the system is 

a. soAjd 

c. 3soAjd 

<--(~! ~ 
Fig. 4.91 

b. 2EoAjd 

d. 2soA/3d 

9. We wish to obtain a capacitance of 5 IlF, by using some . 
capacitors, each of 2 !-IE Then, the minimum number of 
capacitors required is 
a. 3 h.4 

c. 5 d. not possible 

Capacitor and Capacitance 4.27 

10. A number of capacitors, each of equal capacitance C, are 
arranged as shown in Fig. 4.92. Equivalent capacitance 
between A and B is 

I I groups 
'--~A 8~--

a. n2C 
(n - 1)n 

c. 2 C 

Fig. 4.92 

b. (2n + l )C 

d. (n+l)n
C 

2 
11. The plates of a parallel plate capacitor are charged up to 

100 V. Now, after removing the battery, a 2 mm thick plate 
is inserted between the plates. Then, to maintain the same 
potential difference, the distance between the capacitor 
plates is increased by 1.6 mm. Dielectric constant of the 
plate is 

a. 5 b. 1.25 

c.4 d. 2.5 

12. Three plates A, B, C each of area 50 cm2 have separation 
3 mm between A and Band 3 mm between Band C. The 
energy stored when the plates are fully charged is 

13. 

I'V 

Fig. 4.93 

a.6xlO-9 J 

c. 2.12xI0-9 J 

.A 

B 

c 

b. 3.l2x 10-9 J 

d. none of these 

Four metallic plates, each with a surface area of one side 
A, are placed at a distance d from each other. The alternate 
plates are connected to points A and B as shown in Fig. 
4.94. Then the capacitance of the system is: 

•• 'oA 
d 

380A 
c. d 

Fig. 4.94 

2EoA 
b' d 

4EoA 
d. d 
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4.28 Physics for IIT·JEE: Electricity and Magnetism 

14. Thecapacitanceofan infinite circuit formed by the repeti· 
tion of the same link consisting of two identical capacitors, 
each with capacitance C (Fig. 4.95), is 

a. zero 

C. 2.62C 

Fig. 4.95 

b. 0.618C 

d. infinite 

15. 1\vo parallel plate capacitors, each of capacitance 40 IJF, 
arc connected in series. The space between the plates of 
onc capacitor is filled with a diclectric of dielectric con· 
stant K = 3, then the equivalent capacitance of the com· 
bination is ' 
a. 30 ~F b. 120 ~F 

c. 40 ~F d. 160 ~F 

16. For making a parallel plate capacitor you have two plates 
of copper, a sheet of mica (thickness = O. 10 mm, K = 5.4), 
a sheet of glass (thickness = 0.20 mm, K = 7) and a slab of 
paraffin (thickness = 1.0 cm, K = 2). To obtain the largest 
capacitance, which sheet should you place between the 
copper plates? 

R. Mica 
b. Copper 
c. Glass 
d. Information is insufficient 

17. For configuration of media of permittivity 80,8,80 be· 
tween parallel plates each of area A, as shown in Fig. 4.96, 
the equivalent capacitance is 

a. 80A/d 
880A 

c. 
d(s + 80) 

, 

d 

Fig. 4.96 

d 

b. eeoA/d 

d. 
(28 + 80)d 

18. A parallel plate capacitor is connected across a battery. 
Now, keeping the battery connected, a dielectric slab is 
inserted between the plates. In this process, 

a. no work is done 

b. work is done by the battery and the stored energy 
increases 

c. work is done by the external agent and the stored 
energy decreases 

d. work is done by the battery as well as external agent 
but the stored energy does not change 

19. When a dielectric slab is introduc;~d between the plates of \ 
an isolated charged capacitor,.it 

R. increases the capacitance of the capacitor 
b. decreases the electric field between the plates 
c. decreases the amount of energy stored in the capacitor 
d. all of the above 

20. Seven capacitors, each of capacitance 21lF, are to be com· 
bined to obtain a capacitance of 10/11 IlF: Which of the 
following combination is possible? 

R. 2 in parallel, 5 in series 
b. 3 in parallel. 4 in series , 
c. 4 in parallel. 3 in series 
d. 5 in parallel. 2 in series 

21. A spherical capacitor has an inner sphere of radius 12 cm 
and an outer sphere of radius 13 cm. The outer sphere is 
earthed and the inner sphere is given a charge of 2.5 ",C. 
The space between the concentric spheres is filled with 
a liquid of dielectric constant 32. Detennine potential of 
the inner sphere. 

22. 

a. 400 V b. 450 V 

c. 500 V d. 300 V 

A parallel plate capacitor has plates of area A and sepa· 
ration d and is charged to a potential difference V. The' 
charging battery is then 'disconnected and the plates are 
pulled apart until their separation is 2d. What is the work 
required to separate the plates? 

R. 280AV21d b. 8oAV21d 

d. EoAV212d 

23. A parallel plntecapncitor is charged and then disconnected 
from the source of potential difference. If the plates of 
the condenser are then moved farther apart by the use of 
insulated handle, which one of the following is true? 

a. The charge on the capacitor increases 
b. The charge on the capacitor decreases 
c. The capacitance of the capacitor increases 
d. The potential difference across the plates increases 

24. For the section AB of a circuit shown in Fig. 4.97, 
Cl = IIJF, C2 = 21lF. E = 10 V and the potential difference 
VII - VB = -10 V. Charge on capacitor Cl is 

Cl E C2 

A ---1 H H f------B 

Fig. 4.97 

R. 0 IlC b. 20/3 ~C 

c. 40/3 IlC d. none of these 

25. A 600 pF capacitor is charged by a 200 V supply. It is 
then disconnected from the supply and is connected to 
another uncharged 600 pF capacitor. What is the common 
potential (in V) and energy lost (in J) after reconnection? 

R. 100, 6x 10-6 b. 200, 6x 1O-~ 

c. 200, 5x 10-6 d. 100, 6x 1O-~ 
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26. 'I\vo parallel plate capacitors of capacitances C and 2C 
are connected in parallel and charged to potential differ
ence V. The battery is then disconnected and the region 
between the plates of C is filled completely with a material 
of dielectric constant K. The common potential difference 
across the combination becomes 

a. 

c. 

2V 

K+2 
3V 

K+3 

b. 

d. 

v 
K+2 

3V 

K+2 
27. Three capacitors A, Band C are connected in a circuit as 

sho~n in the Fig. 4.98. What is the charge in IlC on the 
capacitor B? 

r~ 1 1 
AG~ . 81'" cr'" 

Fig. 4.98 

n. 1/3 h. 213 c. 1 d. 4/3 

28. A parallel plate capacitor is made by stacking n equally 
spaced plates connected alternatively. If the capacitance 
bet""7en any two adjacent plates is C, th~n the res~ltant 
capa~itance is 
a . . iJC 
c. {n + 1)C 

b. C 

d. (n - l)C 

29. Thr~e capacitors are connected as shown in Fig. 4.99. 
Then, the charge on capacitor C 1 is 

C:EJ 
6V 6V 

Fig. 4.99 

a. 61lC b. 121lC 

c. 18 j.JC d. 2411C 

30. In the above question, the potential of point A is 

a.3V b.6V 

c. 9 V d. zero 

31. In Fig. 4.100, if the potential at point B is taken as zero, 
then the potential at point A will be 

a. 8 V 

c. 24 V 

B Aa 12).1F 6).1F 

2" 8 

24 V 

Fig. 4.100 

h. 16 V 

d. none of the above 

Capacitor and Capacitance 4.29 

32. A capacitor of capacitance Cl = 1 j.JF charged up to a volf
age V = 110 V is connected in parallel to the terminals 
of a circuit consisting of two I.jncharged capacitors con
nected in series and possessing capacitances C2 = 2 j.JF and 
C3 = 3 1lF. Then, the amount of charge that will flow 
through the connecting wires is 
a. 40llC b. 50 j.JC 

c. 60j.JC d. 110 ~C 

33. Ten capacitors are joined in parallel and charged with a 
battery up to a potential V . They are then disconnected 
from battery and joined in series. Then, the potential of 
this combination will be 
a.IV b.IOV 

c. 5 V d.2V 

34. In Fig. 4.101, three capacitors Cit C2 and C3 are joined to 
a battery. With symbols having their usual meaning, the 
correct conditions will be 

C'V~~ 

C::J 
v 

Fig. 4.101 

a. Ql = Q2 = Q3 and VI = V2 = V3 + V 
b. QI = Q2 + Q3 and V = VI + V2 + V) 

I) c. QI =Q2+Q3andV=VI+V2 
d. Q2 = Q3andVz=V3 

35. The cross section of a cable is shown in Fig. 4.102. The 
inner conductor has a radius of 10 mm and the dielectric 
has a thickness of 5 mm. The cable is '8 km long. Then,' 
the capacitance of the cable is (given loge 1.5 = 0.4) (-: 

36. 

a. 3.8 j.JF 

GJ-- l5mm 

€] - 3.5 "'-.:C:O""'--, 0 v 
( 

Fig. 4.102 

b. 1.I J.lF 

c. 4.8 x 10-10 F d. none of these 

An uncharged parallel plate capacitor having a dielectric 
of dielectric constant K is connected to a similar air cored 
parallel place capacitor charged to a potential Vo. The two 
share the charge and the common potential becomes V. 
The dielectric constant K is 

Vo 
a'V - 1 

V 
c. --I 

Vo 

b. Vo + I 
V 
V 

d. - +1 
Vo 
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4.30 Physics for lIT-JEE: Electricity and Magnetism 

37. Fig. 4.103 shows two identical pat'allel -plate capacitors 
connected to a battery. The switch is now opened and the 
free space between the plates of capacitors is filled with 
a dielectric of K = 3. The ratio of the total electrostatic 
energy stored in both the capacitors before and after the 
introduction of the dielectric is 

38. 

39. 

40. 

u. 3/4 

Fig. 4.103 

h.4/5 c. 2/3 d. 3/5 

Two identical parallel plate capacitors are connected in 
scries and then joined in series with a battery of 100 V. A 
slab of dielectric constant K = 3 is inserted between the 
plates of the first capacitor. Then, the potential difference 
across the capacitors will be, respectively, 
a. 25 V, 75 V h. 75 V, 25 V 

c.20V,80V d.50V,50V 

A parallel plate air capacitor is charged to 100 V and is 
then connected to an identical capacitor in parallel. The 
second capacitor has some dielectric medium between its 
plates. If the common potential is 20 V, the dielectric con
stant of the medium is 
a.2.5 b.4 c.5 d'.8 

In the given network of capacitors as shown in Fig. 4.104. 
given C) = C2 = C3 =400pFandC4 = Cj = C6 = 200 
pF. The effective capacitance of the circuit between X and 
Y is 

xo 
c, 

L;d c, 

f-r-<lY 

c. 

Fig. 4.104 

a. 810 pF b. 205 .pF c. 600 pF d. 410 pF 

41. The work done in increasing the potential of a capacitor 
from V volt to 2 V volt is W. Then, the work done in 
increasing the potential of the same capacitor form 2 V 
volt to 4 V volt will be 

a. W b. 2W c. 4W rl. 8W 

42. The plates of a parallel plate capacitor have an area of 90 
cm2 each and are separated by 210m. The capacitor is 
charged by connecting it to a 400 V supply. Then the en
ergy density of the energy stored (in Jm-3) in the capacitor 
is(TakeE()=8.8 x 10- 12 Fm- I) 

a.O.113 b. 0.177 

c.O.152 d. none of these 

43. Three identical capacitors, each of capacitance C, are con
nected in series with a battery of e.m.f. V and get fully 
charged. Now, the battery is removed and the capacitors 
are connected in parallel with positive terminals at one 
point and negative terminals at other point. Then, the com
mon potential will be 

a. V b. 3V 

c. V 13 d. Zero 

44. In Fig. 4. J 05, given CI = 311F, C2 = 51lF, C3 = 91lF and C4 
= 13).1F. What is the po~ential difference betweeq. points 
A and B? 

a. 13 V 

c. OV 

Fig. 4.105 

b.9V 

d. I I V 

45. 'TWo capacitors of 12 and 41lF capacitors are connected in 
series and charged by using a battery of 12 V e.m.f .. Now, 
the battery is disconnected and the charged capacitors are· 
connected in parallel. Then, the redistributed charges 011 

each capacitor after parallel connection will be, respec
tively, 

a. 36 IlC, 361-1C 
b. 541lC, 181-1C 
c. J8 1lC,541-1C 
d. none of these 

46. In the combination of capacitors shown in Fig. 4.106, the 
potential difference across the plates of the capacitor A 
will be 

47. 

48. 

IF 

,--11 
6V~ 

T 
.Fig.4.106 

a. 4.8 V b. 6.Y c. 1.2 V d. 2.4 V 

In a circuit shown in Fig. 4.107, the potential difference 
across the capacitor of 2 F is 

2F 

G::J 
Fig. 4.107 

a. 8 V b. 4 V c. 12 V d.6V 

When a metal plate is introduccd between;hc two plates 
of a charged capacitor and insulated from them, then 

a. the mctal plate divides the capacitor into two capac· 
itors connected in parallel to each other 
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49. 

so. 

b. the metal plate divides the capaCitor into -two capac
itors connected in series with each other 

c. the metal plate is equivalent to a dielectric of zero 
dielectric constant 

d. capacitance of the capacitor decreases 

The potential gradient at which dielectric of the condenser 
just gets punctured, is called 

a. dielectric constant h. dielectric strength 

c. dielectric resistance ' d. dielectric number 

A parallel plate capacitor is charged and then isolated. 
What is the effect of increasing the pJatf separation on 
charge, potential and capacitance, respectively? 

I ". ..' ,,' a. Constant, decreases, decreases 
b. Increases, decreases, decreases 
c. Constant, decreases, increases 
d. Constant, increases, decreases 

51. Six identical capacitors are joined il). parallel, charged to a 
pOtential difference of 10 V, separated and then connected 
in series, i.e., the positive plate of one is' connected to 
negative plate of other. Then, potential difference between 
free plates becomes 

a. lOY b.30V c.60V d.IO/6V 

52. The effective capacitance between points X and Y in ,. . ' 
Fig. 4.108, assuming C2 == 10 ].IF and that outer capac
itors are a114' ].IF each, is 

Fig. 4.108 

b. 3 f.lF d. 5 flF 

53. Thc resultant';capacitance between the points A and B in 
Fig. 4.109 is 

54. 

E II-I +1-11 r-I -iG,1 f--o B l IOJ.lF 15~IF] 30).lF 

Fig. 4.109 

a.15].1F b. 30 flF c. 60 f.lF d. 45 f.lF 

Two condensers CI and C2 in a circuit arejoined as shown 
in Fig. 4.110. The potential ofpohlt A is VI and that of B 
is V1 . The potential of point D will be 

C, 
D 

C, 

A' /I • /I • B 
V, v, 

Fig. 4.110 

•• I 
l(VI + V2) b • 

C 1V2 +C2 VI 

CI +C2 

CIVI + C2V2 
d. 

C2VI - CI V2 c. 
CI +C2 C] +C2 

Capacitor and Capacitance 4.31 

55. A capacitor is charged to store' an energy U. The charg
ing battery is disconnected. An identical capacitor is now 
connected to the first capacitor in parallel. The energy in 
each of the capacitor ,is l).ow 

56. 

57. 

a. 3U/2 b. U c. U/4 d. U!2 

Consider a parallel plate capacitor of capacity 10].lF with 
air filled in the gap between the plates. Now, one half of 
the space between the pl~tes is filled with a dielectric of 
dielectric constant 4 as shown in Fig. 4. J 11. The capacity 
of the capacitor changes to 

Fig. 4.111 

a. 25 f.lF b. 20 flF c. 40 flF d. 5 ~F 

A 2 f.lF capacitor is charged to 100 V and then its plates 
are connected by a conducting wire. The heat produced is 

a. 0.001 J b. 0.01 J c. 0.1 J d. 1 J 

58. In Fig. 4.112 initial status of capacitance and theirconnec
tion is shown. Which of the following is incorrect about 
this circuit 

59. 

+15V~ +IOV~ 

rl r-I -~ rl ~I--g 
2J.1F 3).1F 

Fig.4.U2 

a. Final charge on each capacitor~will be zero 
b. Finai'total electrical energy of the capacitance will be 

zero 
c. Total charge flown from A to D is 30 f.lC 
d. Total charge flown from A to D is -30 flC 

A parallel platc capacitor with no dielectric has' a capac
itance of 0.5 f.lF. The space between the plates is filled 
with equal amounts of two dielectric materials of dielec
tric constants 2 and 3 as shown in Fig. 4.113. Find the 
capacitance of the system now. 

3. 1.2 flF 

c. 1.25 flF 

Fig. 4.113 

b. 1.8 ~F 

d. none of these 
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4.32 Physics for IIT·JEE: Electricity and Magnetism 

\ 

60. Solve the above question if the dielectric materials were 
filled as shown in Fig. 4.114. 

a. 1.2 ~F 

c. 1.801lF 

Fig. 4.114 
b. 1.25 ~F 

d. None of these 

61. 1\vo metallic spheres of radii a and b are separated by 
a distance d as shown in Fig. 4.115. The capacity of the 
system is 

62. 

d 

Fig. 4.115 

a. 1 1 2 
a+t;-(j 

41l" 8o 
c. 1 1 2 

---+-
a b d 

b 

41l"80 
b. 1 I 2 

-+-+ 
a b d 

41l"80 
d. 1 1 2 

- - - --
a b d 

A capacitor of capacitance Co is charged to a potential 
Vo and then isolated. A small capacitor C is then charged 
from Co, discharged and charged again; the process be
ing repeated n times. Due to this, potential of the larger 
capacitor is decreased to V. Value of C is 

(Vo)'/' [(Vo)'/' ] a.Co - b.Co - -1 
V • V 

c. Co[(~)-Ir d. Co[(~r +1] 
63. If the current, charging a capacitor, is kept constant, then 

the potential difference V across the capacitor varies with 
time t as 

v V , i 
/ 

bL , 
,. 

Fig. 4.116 

,' _. 

(j-.r A conducting"sphere of radius R, carrying charge Q, lies 
inside an uncharged conducting shell of radius 2R .·If they 
are joined by a metal wire: 

ft. a charge QI3 will flow from the sphere to the shell 
b. a charge 2Q/3 will flow from the sphere to the shell 
c. a charge Q will flow from the sphere to the shell 

I Q' 
d. - - amount of heat will be produced 

81l"8o R 

65. The plates of a parallel plate capacitor are charged with 
surface charge densities 0'1 and 0'2, respectively. The elec· 
tric field at points: 

a. inside the region between the plates will be zero 

b. above the upper plate and below the lower plate will 
be zero 

c. everywhere in the space will be zero 

d. inside the region between the plates will be uniform 
and non-zero 

66. The distance between plates of a parallel plate capacitor is 
5d. The positively charged plate is atx-= 0 and negatively 
charged plate is at x = 5d. 

,. 

,. 

67. 

+q -q 

j ••• 

o __ .... x 
d2d Jd4dSd 

Fig. 4.117 

1\vo slabs, one of conductor and the other of a dielectric 
of same thickness d, are inserted between the plates as 
shown in Fig. 4.118. Potential V versus distance x graph 
will be 

v 

0' L~:-:!c:-:';-+'--+. 
d2dJd4d5d 

v , , , , , , , , , , , , , ~ , , , , 
~, , , , , , 
,~ , , , , , , , , , , , , , 
1 , , , , , , , 

O,L~~~~c-->' 
2d 3d 4d 5d 

b. 

v 

0'"-"-"-"-"-"-->" 2d 3d 4d 5d 

d. None of these 

Fig. 4.118 

In the circuit shown in Fig. 4.119 C = 6 1lF. The charge 
stored in capacitor of capacity C is 
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68. 

~cf-------.jl II l IOV 

Fig. 4.119 

a. zero b. 90"C c. 40llC d. 60 jJC 

One plate of a capacitor is fixec,i and the other is connected 
to a spring as shown in Fig. 4.120. Area of bath the plates 
is A. In steady state (equilibrium), separation between the 
plates is O.8d (spring was unstretched and the distance be
tween the plates was d when the capacitor was uncharged). 
The force constant of the spring is approximately 

a. 

c. 

4soAE2 

d3 

6eoE2 

Ad' 

E 

Fig. 4.120 

2eoAE 
b. 

69. A dielectric slab of area A and thickness d is inserted 
between the plates of a capacitor of area 2A with constant 
speed u as shown in Fig. 4. [21. Distance between the 
plates is d. 

I ---+, -1 E 

Fig. 4.121 

The capacitor is connected to a battery of c.m.f. E. The 
current in the circuit varies with time as 

"b; b~ 
~I , , , , 

a , ~ 

c, d. 

Fig. 4.122 

Capacitor and Capacitance 4.33 

70. A photographic flash unit consists ofaxenon filled tube. 

71. 

It gives a flash of average power 2000 W for 0.04 s. The 
flash is due to discharge of a fully charged capacitor of 
40 flF. The voltage 10 which it is charged before a flash is 
given by the unit is 

a. 1500 V h. 2000 V 

c. 2500 V d. 3000 V 

A parallel plate capacitor is constructed using three differ
ent dielectric materials as shown in the Fig. 4.123. What 
is the capacitance across P and Q? 

a. 

b. 

c. 

K, 

AI2 I Q AI2 

Fig. 4.123 

(Kl K2KJ) €aA - + -
2 K2 + K3 I 

( K,K, ) 'oA K,+ 
K2 + K3 

( 2K,K, ) 'oA K, + 
K2 + K3 

d. (K l + KzKJ GOA) 
2(K2 + K3) t 

, (I t ) 72. Two square plates (I x l) and dielectric 2" x 2" x I are 

arranged as shown in Fig. 4.124. Find the equivalent ca· 
pacitance of the structure. 

• AI! • 
• • tI2 

,
12 11 K 

I 
AI2 !s AI2 

Fig. 4.124 

a. 2fnA(K+I) h. 2foA (K +3) 
I K+3 f K + I 

c. "A (K+ ') d. -fnA (2K + I) 
f K +3 t 2K +3 

73. The equivalent capacitance across AIJ (Fig. 4.125) is 

a. 8)1F h. 12 )1F 
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4.34 Physics for IlT-JEE: Electricity and Magnetism 

L-________ L-__ ~B 

Fig. 4.125 

d. 241-\F 

74. The equivalent capacitance between P and Q (Fig. 4.126) 
is 

poL 1-1 ~-FI-I ----'--jllf--~oQ 
C 

Fig. 4.126 

C 
a. 

3 
b. 3 C c.2C d. C 

75. The equivalent capacitance between P and Q (Fig. 4.127) 
is 

C 

poLl 
II 1 C 

II II oQ Is T 
C C II 

C 

Fig. 4.127 

C 
a. 

3 
b.3C c.2C d. C 

76. Find capacitance between P and 0 (Fig. 4.12S) is 

D 

Fig. 4.128 

a.2C b. 3C c. SC d. 6C 

77. In the circuit shown in Fig. 4.129 C I = 61lF, C2 = 3 I-\F 
and battery B = 20 V. The switch SI is first closed. It is 
then opened and afterwards S2 is closed. What is the final 
charge on C2? 

a. 120 fJC b. SO)lC 

C. 40 IlC d. 20 IlC 

C,'.~' 
6.' 

I--_C"'-I' I I $, 

B~20V 

Fig. 4.129 

'Is, 

Multiple Correct 
Answers Type Solutions' 011 page 4.49 ,. .. 

1. To two plates of a parallel plate capacitors, charges Q I and 
Q2 are given. The capacity of the capacitor is C. When the 
switch is closed, mark the correct statement(s). [Assume 
both Qj, Q2 to be +ve] 

.....L 
Fig. 4.130 

a. The charge flown through switch is zero 

b. The charge flown through switch is Q I + Q2 

c. Potential difference across the capacitor plate is Q I/C 

d. The charge of the capacitor is Q I 

2. A dielectric slab fills the lower half region of parallel plate 
capacitor as shown in Fig. 4.131. [Take plate area as A] 

L----1'f--_...J 

v 
Fig. 4.131 

. toA 
a. Equivalent capacity of the system IS 2d (1 + K) 

b. The net charge of lower half of the left hand plate 
11K times the charge on upper half of the plate 
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c. Net charges on lower and uppcr halves of left hand 
plate arc different 

d. Net charges on lower half of left hand plate is 
KEoA 
- - xV 

2d 
3. A parallel plate air capacitor has initial capacitance C. If 

plate separation is slowly increased from dl to (h, then 
mark the correct statement(s). [Take potential of the ca
pacitor to be constant, i.e., throughout the process it re
mains connected to battery.] 

a. Work done by electric force = - work done by exter
nal agent. 

h. Work done by external force = - J F . (Ix, where F 
is the electric force of attraction between the plates 
at plate separation x. 

c. Work done by electric force i -ve of work done by 
external agent. 

d. Work done by battery = 2 times the change in electric 
potential energy stored in capacitor. 

4. A capacitor of5).1F is charged to a potential of I 00 V. Now, 
this charged capacitor is connected to a battery of 100 V 
with positive terminal of battery connected to negative 
plate of the capacitor. For the given situation, mark the 
correct statement(s). 

a. The charge flown through 100 V battery is 500).le. 

h. The charge flown through 100 V battery is 1000 Ile. 

c. Heat dissipated in the circuit is 0.1 J. 

d. Work done on the battery is 0.1 J. 

5. Two identical capacitors with identical dielectric slabs in 
between them are connected in series as shown in the Fig. 
4.132. Now, the slab of one capacitor is pulled out slowly ' 
with the help of an external force F at steady state as 

· shown. 
Mark out the correct statement(s). 

A B 

I r-~F 

b 
E 

Fig. 4.132 

a. During the process, charge (positive) flows from b to 
a. 

b. During the process, charge of capacitor B is equal to 
charge on A at all instants. 

c. Work done by F is positive, and heat may dissipate 
in the circuit during the process. 

d. During the process, the battery has been charged. 

Capacitor and Capacitance 4.35 

Assertion-Reasoning 
Type Solutions 011 page 4.50 

In the following questions, each question contains Statement I 
(Assertion) and Statement II (Reason). Each question has four 
choices a., b., c. and d. out of which ONLY ONE is. correct. 

a. Statement I is True, Statement II is True; Statement II is a 
correct explanation for Statement 1. 

b. Statement [ is True, Statement II is True; Statement II is Not 
a correct explanation for Statement 1. 

c. Statement I is True, Statement II is False. 

d. Statement I is False, Statement II is True. 

1. Statement I: A capacitor can be given only a -limited 
quantity of charge. 
S~atement II: Charge stored by a capacitor depends upon 
shape and size of the plates of capacitor and the surround
ing medium. 

2. Statement I: Capacity of a paH:.llel plate capacitor in
creases when distance between the plates is decreased. 

Statement II: Capacitance of a capacitor is directly pro
portional to distance between them. 

3. Statement I: The capacity of a conductor, under given 
circumstances, remains constant irrespective of the charge 
present on it. 

Statement II: C?,pacity depends on size and shape of con
ductor and also on the medium. 

4. Statement I: A charged plane parallel plate capacitor has 
half interplanar region (1) fil led with dielectric slab. The 
other half region II has air. 

Then, the magnitude of net electric field in region I is less 
than that in region II. 

Statement II: In a dielectric medium, induced (or polar
ized) charges tend to reduce the electric field. 

+Q A +Q C 
• • 

DielectMc'·l\ Air 
(:~~,' 
~bielcctri~~i Air slab 

"I) " slab :' -
(I) l iij (II) I \~;' " 

• 
Q Q 

(") (b) 

Fig. 4.133 

5. Statement I: A dielectric is inserted between the plates 
of an isolated fully charged capacitor. The dielectric com
pletely fills the space between the plates. The magnitude 
of electrostatic force on either metal plate decreases, as it 
was before the insertion of dielectric medium. 
Statement II: Due to insertion of dielectric slab in an 
isolated parallel plate capacitor (the dielectric completely 
fills the space between the plates), the electrostatic poten
tial energy of the capacitor decreases. 
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4.36 Physics for JIT-JEE: Electricity and Magnetism 

Comprehension 
Type 

For Problems 1-2 

SolutiollS 011 page 4.50 

An inflated balloon is covered with a conducting surface that 
carries a charge q. The balloon develops a leak and the radius 
starts to decrease, but no charge is lost from surface. 

1. How does the capacitance of the banoon change as the 
balloon leaks? 

a. C increases 
b. C decreases 
c. C remains the same 
d. There is not enough information to answer the ques

lion 
2. How docs the slored electrical energy change as the bal

loon leaks? 
a. U increases 
b. U decreases 
c. U remains the same 
d. There is not enough information to answer the ques-

tion 
For Problems 3-5 
Consider a parallel plate capacitor originally with a charge qQ, 
capacitance Co and potential difference 6..vo. There is an elec
trostatic force of magnitude Fo between plates, and capacitor 
has a stored energy Uo. The terminals of the capacitor are not 
connected to anything. 

3. A dielectric slab with k~ > I is inserted between the 
plates. Which quantity/quantities increase? 
a.C b.6.V c.F d:U 

4. What is the direction of the electrostatic force on the di
electric slab whi le it is being inserted? 

a. The force pulls the slab into the capacitor. 
b. The force pushes the slab out of the capacitor. 
c. There is no electrostatic force on the slab. 
d. None of these 

5. Later the dielectric slab is removed. What is the direction 
of the electrostatic force on the dielectric slab while it is 
being removed? 
a. The force pulls the slab into the capacitor 
b. The force pushes the slab out of the capacitor 
c. There is no electrostatic force on the slab 
d. None of these 

For Problems 6-7 
Fig. 4.134 shows two capacitors in series, the rigid center section 
of length b being movable vertically. 

Fig. 4.134 

6. Thc equivalent capacitance of given structure is 
eoA eoA 

a. b. 
(a-b - x) (a-b) 

soA 
c. 

(b - x) 

soA 
d. 

(a - x) 

7. If potentials of upper and lower plates are VI and V2, 
respectively then find the potential of rigid section. 

(VI - V2 )x c(V.,2~--CV,",),--X 
a.VI - b.VI -

(a-b) (a b) 

For Problems 8-9 
The space between plates of a parallel plate capacitor is filled 
with dielectric as shown in Fig·s. 4.135 and 4. J 36. The area of 
each plate is A and relative permittivity of dielectric is er' 

S. Find the capacitance across PQ in each case. 

pi 

I t" 
t ., '. ., 

/12 Q lI2 

Fig. 4.135 

'oA b. 
'oA •• 2d(er +l) d(Sr - I) 

2eoerA d. 
eoerA 

c. 
d{er - 1) deer + 1) 

9. Find the capacitance across PQ in each case. 

pi 

L--_--.J! t d12 I' 
IQ 

Fig. 4.136 

'oA b. 'cA 
•• 2d (er + I) deer - I) 

2eoerA d. 
eoerA 

c. 
d{er -I) d (sd 1) 

For Problems 10-11 
A I f.lF and a 2 f.lF capacitor are connected in series across a 
1200 V supply. 

10. The charged capacitors are disconnected from the line a':ld 
from each other. and are now reconnected with terminals 
of like sign together. Find the final charge on each capac
itor and voltage across each capacitor. 

a. Charge on capacitors: (I~OO) f.lC and 

(
32

3
00) f.lC; potential difference across each 

capacitor: (16
3
00) V 
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b. Charge on capacitors: 

(32
3
00) IlC; potential difference across each 

capacitor: (16
3
00) V 

c. Charge on each capacitor is 1600 IlC and potential 
difference across each capacitor is 800 V 

d. Charge and potential difference across each capacitor 

are zero 
11. If the charged capacitors are reconnected with terminals 

of opposite sign together, find the final charge and voltage 
across each capacitor. 

a. Charge on capacitors: C~OO) IlC 

(32
3
°°) IlC, potential difference 

capacitor: (16
3
00) V 

b. Charge on capacitors: 

across 

,nd 

each 

,nd 

(
32

3
00) IlC; potential difference across each 

capacitor: (16
3
°0) V 

c. Charge on each capacitor is 1600 IlC and potential 
difference across each capacitor is 800 V 

d. Charge and potential difference across each capacitor 
are zero 

For Problems 12-14 
In the circuit shown (Fig. 4.137), when the switch S is closed, 

then find 

I2"F~' 1,", 
TL---__ T 

Fig. 4.137 

12. the common potential difference across each capacitor 

a. 12 V b. 24 V c. 20 V d. 32 V 

13. the final charge on 41lF capacitor 

a. 121lC b. 241lC c. 361lC 

14. the fraction of energy lost 
4 5 

a. "9 b. "8 
4 

d. 5 
3 

c. -
5 

For Problems 15-17 
For the arrangement shown in Fig. 4.138, when the switch S is 

closed, then find 
15. the final charge on 61lF capacitor 

a. 121lC b. 24 IlC c. 321lC d. 48 IlC 

16. the final potential difference across the 4 IlF capacitor 

a.12V b.8V c.20V d. 32V 

Capacitor and Capacitance 4.37 

"" r' I ~." 
61lF 

Fig. 4.138 

17. the final potential difference across the 121lF capacitor 
40 20 

a'"3 V b'"3 V c. 12 V d. 24 V 

For Problems 18-21 
In Fig. 4.139, we charge a capacitor of capacitance C 1 == 8.0 IlF 
by connecting it to a source of potential difference Vo == 120 V 
(not shown in the figure). The switch S is initially open. Once 
C 1 is charged the source of potential difference is disconnected. 

Q,if j./ll 
Cl=8.0~lF =p. Vo = 1(0 V ~ Cl'" 4.0 IlF 

IL_~--,:!,--------,l SlL _---.JT 
Fig. 4.139 

18. The charge Qo on Cl, if switch S is left open, is 

a. 960 IlC b. 360 IlC 

c. no IlC d. 520 j.lC 

19. The energy stored in C I, if switch S is left open, is 

a. 36 mJ b. 96 mJ c. 57.6 mJ d. 24 mJ 

20. The capacitor of capacitance C2 == 4 .0 IlF is initially un
charged. After we close switch S, the potential difference 

across Cl is 
a.80V b.48V c.36V d.nV 

21. The total energy of the system after we close switch S is 

a. 72.6 mJ b. 48 mJ c. 38.4 mJ d. 12 mJ 

For Problems 22-23 
Each plate of a parallel plate air capacitor has area 
S == 5 X 10-3 m2 and distance between the plates 
d = 8.80 mm. Plate A has positive charge ql = +10-

10 
C and 

plate B has charge q2 = +2 X 10- 10 C. A battery of e.mJ. 
E = 10 V has its positive terminal connected 10 plate A and 
ncgalive terminal 10 plate B. (Given ell = 8.8 x 10-

12
) 

22. Charge supplied by thc bauery is 
a. 120 pC b. 100 pC c. 60 pC d. 50 pC 

23. Energy supplied by the battery is 
a. 10-9 J h. 5 X 10- 9 J 

c. 50 X 10-9 J 

For Problems 24-26 
In Fig. 4.140, for each capacitor. finu 

24. the charge in C2 

d. 25 X 10-9 J 

a. 400 IlC b. (~~O) IlC 

c. (1°
3

00
) IlC d. 500 IlC 
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4.38 Physics for JIT-JEE: Electricity and Magnetism 

~~i9-, 
~~~ 

100 v 
Fig. 4.140 

25. the potential difference across C2 

a. lOOV b. C~)V 
c. C~O) V d. 30V 

26. the stored energy in C2 

a. c~o) J 

c. C~) J 

For Problems 27-28 
Consider Fig. 4.141. 

b. (9~) J 

d. C~) J 

'4~' V 
5 

Fig. 4.141 

27. The equivalent capacitance between 4 and 5 is 

a. en b. en 
c. en d. en 

28. The capacitance between 1 and 3 is 

a. ef) b. G) 
c. en d. cn 

For Problems 29-31 
Consider Fig. 4.142. 

29. The charge appearing on C2 is 

a. E ( C,C, ) 
Cl +C2 

c. E ( CI C2 ) 
C3 + C4 

30. The potential difference VA - VB is 

[ 
c,c, - e,c, 1 a. E 

(Cl + C2)(C3 + C4) 

~---'1+ -
E 

Fig. 4.142 

b E [ C1 C4+ C2C3 1 
• (Cl + C3)(C2 + C4) 

E[ CI C3-C2C4 1 
c. (C1 + C2) (C3 + C4) 

d E [ C1C)-C2C4 1 
. (C I +C3)(C2 + C4) 

31. The condition for which the potential difference between 
A and B is zero is 
a. C1C2 = C3C4 b. C1C4 = C2C3 

c. CI C3 = C2C4 

For Problems 32-33 
Consider Fig. 4.143. 

d. none of these 

c, 
It-I - -1 '.F 1 

mv 8V wr T 
c, 

Fig. 4.143 

32. The charge appearing on capacitor C l is 

a. 161lC b. 481lC c. 321lC d. 241lC 

33. The potential difference across C2 is 

a.4V b.12V c_ 6V d. 8 V 

For Problems 34-35 
C1, C2 , C3 and C4 are four capacitors connected to a battery of 
constant e.m.f. equal to 12 V, as shown in Fig. 4.144. Given 
Cl = IIlF,C2 =2IlF, C3 = 31lFand C4 =41lF. 

A ~'S'(~ 1 
C2 C4 

12V~ 

Fig. 4.144 

34. Find the charge on C1 when only SI is closed. 

a. 161lC b. 91lC 

c. 61lC d. 81lC 

35. If the switch S2 is also closed. Match the table 

a. (m, q) (n, r) (0. s) (p, t) 
b. (m, t) (n, s) (0, r) (p, q) 
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Capacitor Charge 

(m) Cl (q) 

(n) C2 (,) 

(0) C3 (,) 

(p) C, (t) 

c. (m, t) (n, q) (0, s) (p, r) 
d. (m. ,) (n. ,) (0. t) (p, q) 

For Problems 36-38 

(84 

5 
72 
-
5 
54 
-
5 

42 

5 

"C 

MC 

"C 

"C 

In Fig. 4.145, each capacitance C1 is 6.9IlF, and each capaci· 
tance C2 is 4.0 1lF. 

!-f~~~ 
~:L~:J 

Cl c1 c1 

Fig. 4.145 

36. The equivalent capacitance of the network between points 
a and b'is 

a. 2.3 IlF b. 6.61lF c. 4.4IlF d. 8.81lF 

37. The charge on Cl nearest to a when Vub = 420 V is 

a. 840llC b. 560llC c. 600llC d. 320 IlC 

38. With 420 V across a and b, the value of (Ve• - Vd) is 

a.24.6V b.46.7V c.18V d.72V 

For Problems 39-41 
Consider Fig. 4.146. 

C2 = 30",F 

Fig. 4.146 

39. In the circuit shown in the figure the switch can be shifted 
to positions' I' and '2'. the charge on capacitor Cl when 
the switch is at position' I' is 

a. 120llC b. 240llC c. 360llC d. 80llC 

40. Now, the switch is shifted to position '2'. The charge ap· 
pearing on capacitor C3 is 

a. 2251lC b. 1351lC c. 270llC d. 751lC 

41. The charge on capacitor C1 is 

a. 2251lC b. 1351lC c. 270llC d. 360llC 

For Problems 42-43 
For the system shown in Fig. 4.147, capacitance is C. Left plate 
is given a charge Ql and right plate is uncharged. Now, switch 
is closed. 

.... dllacltor and Capacitance 4.39 1 

c 

K 

~ 
V 

Fig. 4.147 

42. Find the amount of charge that will flow through the bat· 
tery before the steady state is achieved. 

a. CV b. CV-QI 

C CV + fI!. d. CV - fI!. 
'2 2 

43. Find the charge appearing on the inner face of the left 
plate. 

a. CV - ;1 b. CV + Ql 
c. CV + ~I d. CV 

For Problems 44-45 
Consider the circuit shown in Fig. 4.148, after switch S is closed. 

ISV 

Fig. 4.148 

44. What amount of charge will flow through the battery? 

a. 20).lC b. 60).lC 

c. 40llC d. No charge will flow 

45. What amount of charge will flow through the switch? 

a. 20).lC b. 60).lC 

c.40).lC 

Matching 
Column Type 

d. No charge will flow 

1. Two identical capacitors are connected in series and the 
combination is connected with a battery, as shown. Some 
changes in capacitor I are now made independently after 
the steady state is achieved, listed in column l. Some ef
fects which may occur in new steady state due to these 
changes on the capacitor 2 are listed in column II. Match 
the changes on capacitor 1 in column I with corresponding 
effect on capacitor 2 in column II. 
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4.40 Physics for IIT:JEE: Electricity and Magnetism 

• 

Cap. I Cap. I 

Fig. 4.149 

Column [ Column II 

i. A dielectric slab B. Charge on the capacitor in· , 
is insened creases 

ii. Separation , be- h. Charge on the capacitor de· 
tween plates creases 
increased 

iii. A metal plate is c. Energy stored in the capac· 
insened connect- itor increases. 
ing both plates 

I,:. The left plate i, d. No change OCCUlTS 

grounded 

2. Observe the circuit in Fig. 4.150 and match the following 
(assume ql q2. and q) be the charges on threecapadtors). 

C1'" 2 J.1F C,- 4J.1F 

T 
~ 

lOY 20V 

Fig. 4.150 

Column I Column II 

i. ql (in IJC) a. 50 

ii. q2 (in 1Je) 
10 b. , 

iii. q3 (in 1Je) 
140 c, , 

iv. POlential difference across 6IJF ca- • 25 

pacitor is (in volt) 
• 3 

3. Five identical capacitor plates, each of area A, are ar· 
ranged such that adjucent plates are at d distance apan. 
Plates are connected to a source of e.m.f. V as shown in 
Fig. 4.151. Match the following: 

1m I J 
Fig. 4.151 

Column [ Column II 

i. Charge on plate I a. - 2eoAV /d 

ii. Charge on plate 4 b.+ eoAV/d 
iii. Potential difference between plates c. zero 

2 and 3 

iv. Potential difference between plates •• V 
I and 5 

ANSWERS AND SOLUTIONS 
Subjective Type 

1. a. 

{ 
I 
2 r---. p 
3 0 
4 "-"'d'o 

Fig. 4.152 

Equiva lent circuit 

32 

:::::> ,-I ~ ~ ' 0 
V0 4~~ 

12 

:::::> ~--f~I-----jl~o 
Fig. 4.153 

C _ 2C 2eoA 
"" - 3 3d 

b. 

{=~~i~~"""p(VO) 
Z '--<.Q(O) 

Fig. 4.154 

Equiva lent circuit 

ell 
Fig. 4.155 
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e, 

3 
Ceq = - C = 

2 

3tOA 

2d 

V' 3 ~
l ,----P(Vol 

. ~ h(O) 
Fig. 4.156 

Equivalent circuit 

45 

2C 

2f---i 
C 2C 

2 /3C 

Fig. 4.157 

5C 5 toA 
Ceq = 3 = 3d 

2. a. Refer Fig. 4.158 

o 

~r-C:j. 
6flF c 3j.lF 

Fig. 4.158 

6 
Va - Vd = -- x 360 = 240V 

6+3 
3 

and Va - Vc = - - x 360 = 120V 
6+3 

Vc - Vd = Vcd = l20V 

b. Refer Fig. 4.159 

~ '-' --11 1 c, dil-l _-" 
a 9)lF 9)lF b 

Fig. 4.159 

3, 

Capacitor and Capacitance 4.41 

Va - Vc = Va - Vd = Vd - Vb = Vc - Vb 

= 360 = l80V 
2 

i.e., the potentiaL across each capacitor is 180 V 
c. From the two figures it is clear that a charge +540 IlC will 
flow through the switch from C to D. 

no flC 720 flC 
+ 1-, +1 -

Net charge ~ 0 

Fig. 4.160 

f'+ + + - -:2) 
~+ + + 3 - 4 

Fig. 4.161 
Plates can be rearranged as shown in Fig. 4.162. 
Plates 1 and 2 and plates 3 and 4 form two capacitors 

which are in series between A and B. Plates 2 and 3 do not 
fonn any capacitor as they are at same potential. 

A~ ~H+~LB 1:- + -~ 
I 2 3 4 

Fig. 4.162 

C1C2 (¥)x(~) 
So, Ceq ~ C] + C2 = t oA toA 

d+Y 
'oA 

Ceq = 4d 

4. Letcharge Q flows in the circuit on being completed as shown 
in Fig. 4.163. Applying Kirchhoffs vol~aRe law, we can write 

6.V ... +l:J.Vn = Vc 

[ 100 - Q 1 + [ 180 - Q 1 ~ Q 3xlO- 6 . 2xlO- 6 2xlO-6 

280 X 10- 6 X 6 
i.c., Q = 8' = 210 j.lC 

a. So, the final charge on the three capacitors will be! 

Q ... = (VAC"')initi~l - Q 
= 100 x 3 X 10-6 - 210 X 10-6 = 90 IlC 

Q8 = (VnCn)initial - Q 

= 180 x 2 x 10-6 - 210 X W-6 = 150 IlC 
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4.42 Physics for IIT-JEE: Electricity and Magnetism 

5. 

Fig. 4.163 

And Qc = Q = 21O/JC 
b. Initial stored electrostatic potential energy 

I 2 1 2 
= 2CA VA + 2CB VB 

I I 
= 2 x 3 X 10- 6 x {lOOl + 2 x 2 X 10-6 X (180)2 

=4.74 X lO-z J 

Final stored electrostatic potential energy 

= Q~ + Q1 + Q~ 
2CA 2CB 2Cc 

(90 X 10-6)2 (150 X 1O-6P (210 x 1O- 6i 
= + + :;c'-7-'-;-;;:'.c 2x3x -1O 6 2x2x 10 6 2x2x 10 6 

= 1.8 X 10-2 J 

Applying loop law in abcda, 
ql - q qz - q q3-q q4-q 
-C-+2C+~+4C=O 

Substituting values of ql. qz, q3 and q4, we get 
2. 

q = SCV 

Iq, -ql 19 
Ib.Vlc= -C- = 5"V 

Ib.Vlzc= -- = - V I
q,-ql 2 

2C 5 

Ib.VI3C = -- = -V I
q, -ql 7 

3C 5 

Iq, -ql I. 
and Ib.V I 4C = 4C = 5" V 

Charge on different capacitors are as shown in Fig. 4.165. 

----+down 

715 V 

+ -
+-"P 

Fig. 4.165 

. (C+Co)C 
6. For fig. 4. 166(a) Ceq = and Q = CeqE 

2C+Co 

Q CoQ 'ndQ2=~ 
.. 1= C+Co' C+'Co 

I·) 

J LQ,l 
b T-dQ,-Q 

Fig. 4.166 

'Q, 
q E 

(b) 

Charge flown through battery on reconnection, as in Fig. 
'.166(b) 

Q Q Q CQ . CoQ CoE c 
q= - 2= - C+Co=C+Co=C+Co eq 

Total energy on capacitors before and after reconnection 
is same. Hence, whole work done by battery will go in the 
fonn of heat. So, heat generated 

=W = E = CoE2 x (C+Co)C = CCOE2 
b q C+Co (2C + Co) 2C+Co 

Alternatively: Heat = L Cb.Qi = 2 [(Q - Qd] 
2C 2C 

+ (2 Qd2 

2Co 

C2
Q2 2C2 Q2 ' C2Q2 [) 2] 

= (C +oCo)2C + Corc ~ CoP = (C ~ Co)2 C + Co 

E2 CCo 
~ 

(2C + Co) 
7. Vertically cross-connected capacitors in the diagram are in

effective as they all are short-circuited. So, circuits can be 
redrawn as 

I 1 I 1 1 
Hence -~-+ _ + _ +_ 

'Ceq 4C 3C 2C C 
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A--IHHHf--B 
4C3C2CC 

Fig. 4.167 

12 12 
or Ceq = 25 C = 25 x 25 flF = 12 f.lF 

or Ceq = 121lF 

8. Maximum charge C! can hold 
QJ = C] VI = 1 X 1O- 6x 6 X 103 

Ql=6x 1O- 3 C 
and maximum charge C2 can hold 
Q2 = C2V2 = 2 X 10-6 X 4 X 103 

Q2=8x lQ.-3 C 
When connected in series, both will have equal charges 

and so each can have charge Q 1 which is smaller of the two. 
In this case: 
Voltage across C] = 6 kV 
And voltage across 

QI 6 x 10- 3 

C2 = - = = 3kV 
Q2 2 x 10-6 

.'. Maximum voltage across the system = 6 + 3 = 9 V 

9. When switch is opened, 2 and 3 flF capaitors are in series. 
2 x 3 6 

So, Ceq = -5- = "5 ).l F 
Hence, charge flowing 

6 
q = CV = :5 x 90 = 108 flC 

Fig. 4.168 

When switch S is closed, let ql and q2 be charges on the 

two capacitors. 
So,q[ =2 x 30 = 60).lC 
q2=3 x 60= tSOlle 
Let charge q B goes to the upper plate of 3 IlF capacitor 

and lower plate of 2 IlF capacitor. Initially, both the plates 
have charge +q - q = 0 

Finally, they have charges q2 - ql· 
SO,q2 - ql=qB+0 
orqB =q2-ql 

= 180-60= 120JJC 
or qB = +120 flC 

10. The field between the plates of a parallel plate capacitor 
V 

E=-orV=Ed. 
d 

So, potential difference across fibre 
VF = EF X d/'· = 6.4 X 106 x 0.5 X 10-3 

= 3.2 kV 
So,qF =CF X VF 
andqM = CM x VM 

\ 

Capacitor and Capacitance 4.43 

Here, fibre and mica capacitors are in series, so charges 
across both are same. 

) 1 • '1 '";1 

"'M" ___ 

• v 

Fig. 4.169 

i.e., qF = qM, CMVM = CFVF 

CFVF 
orVM = --

CM 

• 

= ::[~;JVF{asc= e~A} 
V _2.5[lXIO-

3
] 32k - 2kV 

or M- 8 0.5xlO-3 X. V -

In series, V = VI + V2 

i.e .• V = VF + VM = 3.2kV+2kV 

or V = 5.2 kV 

11. Let C I = C and C2 = 2C and charges on different capacitors 
have been shown. Net charge on isolated system should be 
zero. 

Hence, ql - q2 - q3 = 0 
q3 ql 

E- - --~O 
2C C 

C"'T"] X ENE 

Fig. 4.170 

E- ~ _ (q2+q3) ~O 
2C C 

OrE_!!l._Q2_q3=0 
2C C C 

E_q2_~q3 
C 2 C 

E_~+!!l.=O 
2C 2C 

2E_
q2 +!!l.=0 
2 2C 

Solving (iii) and (iv), we get 

2CE 
q3 = -5-

Q3 2CE E 110 
So VMN = - ~ .,..:::::;O~ = - = - = 22 V 

2C 5 x 2C5 5 5 

SOVMN=22V 

12. Charge across 5 ,..F capacitor = 10 ,..C. 
.'. Potential difference across 5 ).IF capacitor 

(i) 

Oi) 

(iii) 

(iv) 
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4.44 Physics for IIT-JEE: Electricity and Magnetism 

q 10 X 10-6 

= ~ 7-c-;-;;,:" ~ 2 V C 5xlO-6 

As 3, 4 and 5 I1F capacitors are in parallel, so potential 
difference across each of the them equals 2 V. 
Charge on 3 I-lF capacitor = CV = 3 x 10-6 X 2 = 6 I-lC 

Charge on 411F capacitor = 4 x 1O-6 x 2 = BI1C 
Total charge flowing in upper branch of circuit 

= 10 I-lC + 611C + BI1C = 24 I-lC 
. . 2411C 

Potential dIfference across C2 = -- = 6 V 
4"F 

Total potential difference across AB 
= 6+2=BV 

Equivalent capacitance of lower branch of circuit 
6x3 

= 6+3 =21-lF 

So, charge flowing = 2 x 10-6 X 8 = 1611C 

... Potential difference between A and C 

= 1611C = ~ = 5.33 V 
311F 3 

13. When the key is open, 120 V is divided between Cl and C2 
in the inverse ratio of their capacitances. 

120 
VI =-- x3=72V 

2+3 
120 

V2 = --' x 2=4BV 
2+3 

ql =72 x 2= 1441-lC 
andq2=48 x 3= 14411C 
When the key is closed, letql and q2 be the steady charge 

on Cl and C2. Then, by the loop rule 
q, 

60 - 2 X 10- 6 = 0 =:- ql = 120 I-lC 

and 60 - q2 6 = 0 =? q2 = 180l1C 
3 x 10-

... Charge that flows through section I 
= 144 -120 = 24 I-lC . 
Charge that flows through section 2 
= 180 - 144 = 36 I1C 
Charge that flows thorugh section 3 
=24+36=60I1C 

14. The distribution of charge is shown in Fig. 4.171 in compli
ance with the point rule. Applying loop rules 

_ q2 + .!!2.... + .i!. = 0 
5 0.75 15 

=} ql-3q2+20qJ=0. (i) 
_ q2 + (13 _ ~ + ql - qJ _ ~ = 0 

15 0.75 5 0.75 
=> 3ql - q2- 44qJ = 0 (ii) 

23_q2_Q2 +Q3 =q2 =0 
5 15 5 

=} 345 = 7Q2 + Q3 (iii) 

Solving for ql. [(2 and q), we get 
19 x 345 13x345 345 

Ql= 92 ,q2 = 92,Q3=92" 

q3 345 4 
.". P.o. between A and B = 0.75 = 92" x "3 = 5 V 

PD. between E and F is also 5 V but in the opposite direction. 

Fig_ 4_171 

15. Q = Ql + Q2 

LoopACDA: Ql = Q2 + Q3 

Loop DCED: Q3+ Ql - Q2+2Q3 = Q2 - Q3 

=} QI - 2Q2+ 4 QJ=0 

=} Ql -2Q2+4(Ql - Q2) =0 

=}SQ1=6Qz =>6Q=1IQI 

Q2-Q) Ql 

~I ;/"y I Q, B 

Q'~W A 

Q 
Ql Q2-Q) 

'--------1 f-----lif----
v 

Fig. 4.172 

Loop ADEBFA: 
CV = Q2 + Q2 - Q3 + Q3 => CV = Q + Qz - QJ 
CV= Q+ Q2 - (Q1 - Q2) 
CV = Q- Ql +2Q2 
CV= Q - QI +2(Q - Ql) 
CV = 3Q - 3Ql 

6Q 15 
CV = 3Q - 3 x ""Ii"" = U Q 

Q 11 
::::} COQ =v=T5 C 

11 
::::}Ccq= - x30=2211F. 

15 ; 

Objective Type '.\" "' :~ .. ili . 
,~. 

1. c. New charge resides only on the outer sufaces. 

2. b. C' = eoA = eoA = 2eoA 
d-t d d/2 ,d 

Hence, capacitance is doubled. 

3. d. Let their potentials are same. 
kQl kQ2 

VI = V2 =} -- ~ -- ::::} QlR2 = Q2R l 
RI R2 

If potential are same, then no flow of charge will occur, oth
erwise charge will flow and there will be loss of energy. 

4_ b_ Potential 011 5 I1F capacitor 
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3x6 
= 3+(2+5) = 1.8 V 

So, charge on this capacitor =: C V = 5 x 1.8 = 9 J.lF 

5. d. C3, C5 and C6 are in parallel and C4 is in series with it. 
Then C2 is in parallel and C 1 is in series. 

6. a. In parallel, potential is same on each capacitor. 

7., d. In series, charge is same on each capacitor. 

8. h. Plate 2 and 3 wi!! be at same potential. So, there will be 
two capacitors in parallel. 

9. h. 
Minimum number of capacitors is 4. 

E3 
Fig. 4.173 

10. d. Ceq = C +2C +3C + ... +nG 

=(n+l)/IC 
2 

11. a. As battery is disconnected, so charge will remain' same. 
It is given that final pOlcntial is same. So, final capacitance 
should be equal to initial capacitance 

BoA BoA 
d ~ (1.6+d)-t(I - ljk) 

=> K = 5 
12. c. There are two capacitors in parallel. 

U = !CV2 , C = ZeoA 
2 d 

13. c. The four plates are alternately connected. They form three 
. . II I C . f h .. toA S capacItors In para e. apaclty 0 eac capacItor IS d. 0, 

. 3eoA 
the net capacity is -d- ' 

14. b.Asoo±l=oo 
Therefore, if one link is reduced or added to the circuit, the 
capacitance remains unchanged. If Cx )" is equivalent capaci
tance between x and y, then the equivalent circuit is shown 
in figure. The capacitances CXY and C connected between A 
and B are in parallel. Their effective capacitance 

CI = C+Cxy 

C 

,.---111------'1;-'1 
,_, __ c 1-"-----,1 Cry 

B 

Fig. 4.174 

Now, C (connected between x and A) and C I are in 
series. Therefore, effective capacitance between x and y 

_ ce l C _ C (C + CXy ) 

CXy - C + CI =} x)" - C + (C + Cxy ) 

Capacitor and Capacitance 4.45 

Solving for Cx )"> we get 

.J5 - I 
Cx )" = -2-C = 0.618C 

15. a,C I =40I1F, Cz = K x 40=3 x40 = 120l1F 

40 x 120 _ 3 F 
40+ 120 - 011 

K eoA 
16. a. C = - -, find Kid for each. Capacitance will be 

d 
largest for which Kid is largest. 

"A 
17. d,Ce'l = d d d 

-+-+
KI K2 K3 , 

Here, K I = K3 = I. K2 =
'0 

18. b. Extra charge will flow through battery, so work is done by 
battery. External agent will do negative work. 

19. d. Here. battery is disconnected. 

20. 

21. 

22. 

d. Check each option separately. 

b.V-O~ Q ~ Q(b-a) 
C k41!"eo9b 

9, .::x"I",0:.:' .:;x.;;2:::,5:..;x;.-;;,1O::-:-,-6(;,::0'C' 1,,3_- ..:0::.. ",,12) 
V=-

32 x 0.13 x 0. 12 

=450V 

d. W = U2 - VI = q2 [~ - ~l 
2 C2 C l 

eoA Cl BoA 
CI =d,C2 = -z=U 

BoAV 

d 

I BoA V2 
Solve to get, W = 2: - d-

23. d. V = Ed. As d increases, V also increases. Note that E 
remains same. 

q q 
24. c.V .... - CI -E.- C2 = VII 

CI VI 
25. a. Vc = ~-"-',-

C I +C2 
I , 

U = 2:(CI + C2 ) Vc 

QI + Q2 CV +2CV 3V 
26.d.Vc= C

I
+C2 = KC+2C = K+2 

27. b. Capacitors Band C are in parallel, then A is in series. 

2 x (3 + 4) 14 
Ceq = 2+(3+4) = 9 11F 

14 14 
Q = Ceq V = -(7 - 6) = - I1C 

9 9 

Q will be divided between Band C. So, charge on B: 

3 x 14/9 2 
q = = - I1C 

3 +4 3 
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4.46 Physics for IIT-JEE: Electricity and Magnetism 

28. 

29. 

30. 

d. There will be n - 1 capacitors, all connected in parallel 

b.6=1 +
2q 

2 4 

:::;.q=6IJC 

C
qr-r

q
] 

~ 
6V = 6V 

Fig. 4.175 

2q 
a. VA - 0 = ""4 = 3 V 

31. b. Potential across 6IJF capacitor: 

12 x 24 
VA - VB = = 16 

12+6 
VA -O=16 

:::;. VA = 16V 

32. c. Initial charge on C1: QJ = CJ V = 110 flC 
. QI -x x 

Let x charge flows through wIres --- = 
C I Ceq 

C2 - C3 ' 
where Ceq = :;!--,--:;!-

C2 + C3 
33_ b_ In series, all the potentials will be added. 
34. c.Atjunction A, Ql will divide into Q2 and Q3. Hence, QI 

= Q2 + Q3' 

35. 

C2 and C) are in parallel, so potential on them will be same. 

V2 = V3 
V will divide into VI and V2 (or V3 ) 

Hence, V = VI + V2 
orV=Vl +V3 
a. C = K eo2JTl 

In (b/a) 

3.5 x br x 8.85 x 1O~IZ x 8 X 103 

- In (15/10) 
= 3.84 x 1O~6 F 

36. a,CI =C, VI =Vo,Cz =KC, V2=0,and 

Vcommon = V 
. CIVI +CZV2 

We know that Vcommon = "'-,c.--:--,:,c--' 
Cl +Cz 

V = -,-C-"Vo",+,-:"-KiC,,,X-,-=-O 
C+KC 

Vo 
K =~- I 

V 

1 2 1 2 2 
37. d.U; = ZCE +ZCE =CE 

1 2 1 CE2 

Vf= ZKCE + Z]( 

= (K+ ~)~CE2 

u, 
= = 

Vf (K + ~) ~ 
2 x 3 6 3 

2K 
K2+ 1 

=32 +1 = 10 =5" 

38
C _",x:..:..:1 0",0 = 25 V . a. VI = -;:: 
3C+C 

V2 = IOO - 25=75V 

6C 6C 

rJ,--~1 

G~ 
100V 

Fig. 4.176 

39. b.CI = C,C2 = KC,vl=IOOV 
Vc =20V. V2=0 

Cxl00+KCxO 
20= C+KC 

K =4 
40. d. Start with C3 and C4 in parallel, then C2 in series, then C5 

in parallel, then Cl, in series and finally C6 is in parallel. 

41. c. W = ~C [(2Vl- V2] = ~CV2 

Wi =!C [(4V)2 - (2V?) = 6CV2 
2 

W,=6x2W = 4W 
3 

42. h. A =90cm2,d=2mm 
V 

E=d,V=400V 

u = ~eoE2 = ~eo (~r 
1 ( 400 )2 u = z(8.85XIO- 12

) 2x10 3 =0.177 

43. c_ In series, potential is divided. 
44. a. 22 V get will divide into series combination of C3 and C4• 

4 x 12 
45_ h. Potential across 12 J.IF capacitor:- VI = -- = 3 V 

. 12+4 
12 x 12 

Potential across 41lF capacitor: V2 = 12 + 4 = 9 V 

After redistribution: 

(
CIVI +C2V2) Charge on 12IlF:-ql = CI 

C I +C2 

=(12X3+4X9)12 = 54 C 
12+4 fl 

Similarly charge on 4 I-lF = 18 I-lC 
46. c. I, 1 and 2 F will be in paralleL Their equivalent is 

1+1+2=4F 
1 x 6 

V2 = -- = 1.2 V 
1+4 

The same potential will be on A also. 
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v, 
) II 

1" IF 

1 Tv, 
Fig. 4.177 

47. b. 2Fand 1 Fwill be in series. So, potential difference across 
2F: 

1 x 12 
V2 = ~-=4V 

2+1 
48. b. The metal plate is equivalent to a dielectric of zero dielec

tric constant. 

49. b. Dielectric strength, it is the maximum electric field which 
a material can bear. 

50. d. As the capacitor is isolated, so charge will remain same. 
Now, as the separation between the plates is increased, ca-

pacitance ( e~A) will decrease. 

V = ~, If C decreases, V increases. 

51. c. In series, all the potentials will be added. 

52. c. Wheatstone's bridge will be fanned. 

53. a. 5 flF, 10 !JF, 15 ).IF will be in parallel, then 30 IlF will be 
in series. 

54. c. VI - V2 will be divided between eland C2 in series. 

55. 

56. 

Potential difference across C I : 
V C2(VI - V2) 
]- VD = C ] + C

2 

c. U = !CVz 
2 

VD = 

Potential of each capacitor now = V /2 

U'=~C(~y = ~ 
G' coA 10 a. Iven d = 

c' = soAj2 + 4so( Aj2) = 10 [! + 2J = 25).1F 
d d 2 

57. b. The whole amount of energy stored in capacitor will con· 
vert into heat. 

1 1 ' 
Heat = 2CV2 = '2 x 2 X 10-6 X (100)2 = O,ol J 

58. 'd. V = QI +Qz =0 
C I + C2 

Fig. 4.178 

Final potential difference = zero 
Final energy = zero 
Charge flow 30 /-IC from A to D. 

Capacitor and Capacitance 4.47 

'oA 59. a.C = d =0.5 

New capacitance 

C' = p:'S:A'!E:. = S~A [! ~ !] 
2 3 4 6 

60. h. C' = 

C' = C x 2.4 = 1.2 /-1F 

2soAj2 3soAj2 
- d-+-d-

C [I +~] = ~ x 0.5 = L25/-1F 

kQ kQ -kQ kQ 
61. a. VI = ~ - - , Vl = -- + ~ 

a d b d 

C ~ 
VI 

-Q 
Q 

v, 
v, 

Fig. 4.179 

62. h. Potential of larger capacitor after I st charging 

CoVo 
VI - ";;:0;-;", 

- (C+Co) 

After second charging 

After nth charging. 

Co VI 
V2 =(C+Co) 

V2=(~)' Vo 
C+Co 

(
Co )" V,,= --- Vo 

C+Co 

63 
,Q/2+CV _ R V 

.a.V = C - 2C+ 

64. c. The whole amount of charge will flow to the shell. 
Q2 Q2 

Initial energy: VI = - ~ 
2CI 8JtsoR 
Q2 Q2 

Final energy: V2 = - ~ 
2C2 8Jtso(2R) 

Q2 
Heat produced: VI - V2 = -0-;"'--;, 

16JtsoR 
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4.48 f'hysics for IlT-JEE: Electricity and Magnetism 

65. d. Electric field due to large plates is uniform. We assume 
size of plates to be very large in comparison to the distance 
between them. 
Also, the charge density. on both plates is different. 

66. b. Electric fie ld is the - ve of slope of V - x graph. Inside 
the conductor, electric field is zero, so slope of V - x graph is 
zero. Inside dielectric, field decreases, so slope decreases. 

67. c.O- ~ + 10- 2~ '=0 

Q = 2~C = 20
3
X6 =401lC 

68. a.F=Kx 
Q' 

- ~ KCD.2d) 
2Aeo 

( 
EoA )' 

mE = 0.2Kd 
2Aeo 

K = 3.geoAE2jd3 

K::::: 4eoAE2/d3 

69. b, 
C = K eov + b + ,E",OC,-Z-:-,.:""I)",b 

. d d 
q=CV 

1= dq = vdc 

dt dt 

x"vl I-x 

Fig. 4.180 

70. b.2000 x 0.04 = ~40 x 1O-6V 2 

V2 = 4x 106 => V=2000V 
71. a. 

I 

C2C3 . 
Now, Ceq = C1 + (see Fig. 4.181) 

C2+ C3 
72. a. We can make equivalent circuit of given system in two 

ways as in Fig. 4.182(a) and (b). 

73. c. Using the method of successive reduction (see Fig. 4.183). 

74, 

Fig. 4.181 c,n
r 

P • 

v.c, 
c, 

f c' 

c,rSc' 
Q 

(,) 

'~' 
. Q 

(b) 

Fig. 4.182 

8,F 

A~,~f-I '1--1 
8,~1 '.FL,1· "F I 12j.lF 

8 ,F T 
L------;:,--"---OB 

(,) 

8j.lF 8j.lF 8j.lF 

A~Tf--l-1 

, ,F 

L--~-~---oB 
(0) 

Fig. 4.183 

d. Using the method of successive reduction (see Fig. 4.184). 
8j.lF 4j.lF . 

A~L:lB 
.. F 
(d) 

8 j.lF 8j.lF 

Ao--I f-I --- I f---oB 
(,) 
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Ao>-----'--I f-I --- 08 

.. F 

(Q 

Fig. 4.183 

75. b. The circuit given in Fig. 4.185 can be changed to the 
structure shown in Fig. 4.186. ' 

Po I ' ~ I R ~ n I oQ 

(.) 

Ct<j - 3C 

(b) 

Fig. 4.184 

76. a. A, S, C, and D are equipotential points (see Fig. 4.187). 

77. c. After closing S[, charge on C]: q = 6 x 20 = 1201le 
Now, SI is opened. On closing S2, charge q will be distributed 
between C] and Cz according to their capacitances. 

C2 Q 3x120 
So, charge on C2: q2 = C] + C2 = 3 + 6 = 40flC 

~: i I~'-II 1 0 
p Q 

Fig. 4.185 

Fig. 4.186 

4C 4C 

P ~ I , • I I-------e 0 - ....--..j!-----e 
4C 4C 2C 

Fig. 4.187 

Multiple Correct 
Answers Type 

Capacitor and Capacitance 4.49 

, 
l 

1. b., c., d. As the switch is closed, the charge of outer 
surface of 2nd plate becomes zero. From the concept in 
electrostatics that electric field inside the bulk of the ma
terial of c~nductor is zero, we can find the charges, on 
various faces. 
So, it is clear that Q 1 + Q2 charge goes from 2nd plate to 
earth. Charge of capacitor is Q 1 and hence its potential is 
Q, 
C 

4.188 

, Oy , , 

2. a., c., d. This system can be considered as two capacitors 
eoA KeoA 

in parallel, with C 1 = 2d and C2 = ----:z;t . 

CI is due to upper half of two plates while C2 is due to 
lower half. 
As potential difference across two capacitors are same, 
charge would be different as capacitors are different. 

c, 

c, 

v 
. 4.189 

eoA I eoA 
3. a.,b.,c.,d.C = Tt,C = d2 

~xtra charge flown = Q' - Q = (C' - C) V 

= 'oA V [2. -2.] 
d2 dl 

Work done by battery: 

Wb = V x charge flown = eoA V
2 [:2 - :1] 

1 
Change in P.E. of capacitor = !::.U = l(C' - C)V2 

= ~eoAV2 [2- -2-] 
2 d2 dl 

4. b.
t 

c. Initial condition just after connection of battery: 

+11=-1 -

5 j.lF, 500 J.lC 

4.190 
Condition after a long time: 
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4.50 Physics for IIT-JEE: Electricity and Ma9 ,letism 

c55 c:5 
lOOV IOOV 

4.191 
It means battery supplies 1000).le charge from its positive 
terminal and an equal and opposite charge enters from its 
negative terminal. i.e., charge flow through battery is !OOO 

"C. 
Work done by battery, Wbmtery = IOOV X !03).1e = 0.1 J 
From energy conservation law, Vi + Wb"ttery = Vj + t::..H 
Ui = Uj so t::..H = 0.1 J , 

5. b., c., d. As the dielectric slab is pulled out. the equiv
alent capacity of the system decreases and hence charge 
supplied by battery decreases as potential of the system 
remains constant. It means charging of battery takes place 
and a positive charge flows from a to b. As the two capac
itors arc connectcd in series, so charge on both capacitors 
remains same at all instants. 
From C!lcrgy conservatiori law, 
Vi + We'l = V j+ work done on battery + t::..H 
As dielectric slab is attracted by plates of capacitors, to 
pull it out F has to perform some work, i.e., Wcxt(F) > O. 

Assertion-Reasoning ~:\t: 0"/1' /I 

Type . ','(.; h,')(;w ;.;,') 

1. a. The maximum amount of charge we can give to a 
capacitor depends upon the geometrical factors. 

2. e. Capacitance is inversely proportional to distance be
tween the plates. 

3. a. Capacitance of a capacitor does not dcpend upon charge 
but it depcnds upon geonietrical factors. 

4. d. Let the electric fie ld in regions I and II be EI and E2. 
The potential difference across left half capacitor and half 
capacitor is same. Therefore, Eld = E2d; where d = in-
ner planar gap. I 

Hence, statement I is false, statement 2 is correct by def
inition. 

, 
5. d. The electrostatic forcc on metal of capacitor 

0' 
= pressure x aren of plate = - A 

2," 
Since charge on mctal plate of an "isolated" capacitor docs 
not c~ange, force on metal plate remain same. 
Electric fi eld decreases due to induced charge in dielectric, 
but this does not affect the charge.distribution on isolated 
metal plate. 

Capacitance increases, Q remains same. 

Hence, V decreases. 

Q' 
U~-

2C 

Comprehensive 
Type 

For Problems 1-2 

1. b., 2. a. 

';""1/'",,",_' .·.c.C ',)1) 

. flj! 

OJ .... 

Sol. As radius of the balloon decreases. so capacitance also 
decreases. 

But charge remains same, so energy increases. 
For Problems 3-5 
3. a., 4. a., 5. a. 
Sol. Capacitance will definitely increase. As the battery is 
disconnected. force will remain same. Potential difference 
and energy will decrease. 

Charge on capacitor plates will apply pulling force on 
dielectric in both cases whether the dielectric is pushed or 
pulled. 
For Problems 6-7 
6. b., 7.a. 
Sol. The circuit is equivalent to two capacitors in series. 

, . 
C!= - . 

X 

C _ BoA 
2 - (a b x) 

---I f----j f----
C1 C2 

Fig. 4.192 

1 1 (a - b) 
-~-Ia-b -x+xl=--
Ceq BoA BoA 

BoA . 
Ceq = --- mdependent of x. 

(a - b) 

I 

" 
We can reduce this structure in following circuit (Fig. 4.193). 

C, 
(VI - V) = (VI - V2) ~=", 

C! +C2 

C! = BoA 

I' c'1 
C', 

j v, 

x 

Fig. 4.193 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



For Problems 8-9 

8. a., 9. c. 
Sol. 

~ . td 

112 QII2 

Fig. 4.194 

d1 ~tdl2 
QI 

Fig. 4.195 

~:: 
__ ~ _ _ C, 

60A 
C]= -; 

x 
C_EOErA. 
,- d/2 ' 

60A 
C3 = d 

d - x --
2 

1 I 1 1 
-= - + - +
Ceq C] C2 C3 

=> C _ 2sosrA 
eq -d(sr 1) 

For Problems 10-11 
10. b., 11. d. 
Sol. 

1200V 

Fig. 4.196 

1200 - 1 - 1 = 0 => q = SOO IlC 
1 2 

Capacitor and Capacitance 4.51 

Charge on each ~apacitor = SOO IlC 

•• 
Also, 

q 800 
Vl= - = - - =SOOV 

C, 1 

V2 =.!l.. = SOO = 400 V 
C, 2 

Fig. 4.197 

q; +q2 = 1600 

=> q2 = 2q; 

1600 
From (i), 3q; = 1600 => q; = - 3- pC 

, 3200 C 
q2= -- P 

3 
1600 

V = -V 
3 

(i) 

b.q; +q2 = SOO - SOO = 0 (ii) 

q; q2 
Also ---=0 • 1 2 

• 

+ 

+ 
Fig. 4.198 

From (ii), q; = q2 = O. 
Therefore, potential difference across each capacitor = O. 
For Problems 12-14 
12. a., 13. d., 14. a. 
Sol. 

qo = CV = 12 x 16 = 1921lC 

(qo - t::.q) _ t::.q = 0 
C] C2 

(QO-lJric )1+ f7l, L, 
, TL-__ '_ ,,_c...JJ ~o 
Fig. 4.199 

t::.q=qo =192 -- =4SIlC ( C,) (12X4) 
C1 +C2 16 
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I 

4.52 Physics for IIT-JEE: Electricity and Magnetism 

Common potential difference: 

576 
V~4~12V 

Fraction of energy lost: 

1 , 
I:::.E 2"CI Vo 

Eo=1 Z 1 Z 
2"C]V +2"CzV 

= (CI ~cJ (~or = c:) c~r = l~: \62 
l>.E 4 
E~9 

For Problems 15-17 

15. c., 16. b., 17. a. 
Sol. 

In close loop, 

qo - I:::.q _ I:::.q _ "I:::.q = 0 
C] Cz Cz 

)+(q(l ~l!.q) l!.ql 
C)"12~IFT 0 TC2 " 4 J.1F 

qo " 192 ].lC~U " 

C) - 6pF 

Fig. 4.200 

' qo = I:::.q [~+ ~ + ~l 
C] C1 Cz C3 

-~C7-,q~0C-__ ~ l>.q ~ 

c, [~+~+~l 
Cl Cz C3 

192 
l>.q= =32"C 

[1+3+2) " 

l>.q 
P.O. across Cz = -- = 8Y . 

C, 
(192-32) 160 40 

P.O. across Cl = 12 = 12 = '3 Y 

For Problems 18-21 

18. a., 19. c., 20. a., 21. c. 

Sol. Qo = C] X Vo = 960)lC 

1 z 1 2 
UO=2"C1Vo =2"x8x120 = 57.6ml 

Fig. 4.201 

In close loop, 

(Qo -l>.q) _ l>.q ~O 
8 4 

(Qo-l!.q)l+ 1+ 

TL-- _t' 
Fig. 4.202 

Qo - 31:::.q = O::::} 

Charge on capacitors, 

960 
I:::.q= - =320)lC 

3 

ql = 640 /lC, q2 = 320 /lC 
640 

Common potential, V = '"""8 = 80 V 

Ceq=8+4 = l2/lF 

1 
Uaft = 2" x 12 X 802 = 6 x 6400 

= 38400 111 = 38.4 mJ 

For Problems 22-23 

22. b., 23. a. 
Sol. 

Q) - -II; X 10- 10 Q) _ Y, X 10-10 

C = eoA 
d 

--50 pC -50pC 

Fig. 4.203 

= 8.8 X 10-
12 

x 5 X 10- 3 = 5 X 'IO- IZ F 

8.8 x 10 3 

Charge on plate after connection with battery 
q = CV =5 x lO-]Z x 10 

=500 x 1O-]2C ~ 50pe 

t:J 
wv 

Fig. 4.204 

Charge supplied by battery, 

l>.q = (50 + 50) pC = 100 pC 
Energy supplied by ~attery, 

Ubalt~ry = .6.q V = 100 x 10 = 100 pl 

= 10-9 1 
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For Problems 24-26 

24. c., 25. b., 26. a. 
10 1000 

Sol. Q2 = "'3 x 100::::} Q2 = -3- flC; 

QI =4x 100 = 400flC 

lOOV 

Fig. 4.205 

Potential difference across 4 flF capacitor, 

VI = lOOV 

1000/3 100 V 
V2=-I-O- =3 

V, ~ 1000/3 ~ 200 V 
5 3 

Stored energy 

Q2 (400)2 
VI = -' ~ -- = 2 X 104 fll 

2CI 2 x 4 

U = Q~ = (1000/3P = ~ x 105 1 
2 2C2 2 x 10 18 fl 

V3 = Q~ = (1000/3)2 = ~ X 105 fll 
2C2 2x5 9 

For Problems 27-28 

27. b" 28. c. 
Sol. 4, 2, 5 are equipotential points. 

l~y3 

·~~·DctL 
~ 1 C 3 C 

FOg. 4.206 

I, 2, 3 are equipotential points. 

For Problems 29-31 

29. b., 30. a'I 31. b. 

------<>--
3 Cis 

Sol. Let charge be as shown. (Capacitors in series have the 
same charge.) 

01 

Capacitor and Capacitance 4.53 

---I I • II-- = ....-....j r------. 
3C 3C 3C12 

Fig. 4.207 

Take loop containing C I , C2 and E, 

.!L+.!!....-E=O::::} q=E[ CI
C
2] 

Cl C2 CI +C2 

Similarly, from loop containing Q3, C4 and E, 

C2 C4 
For Problems 32-33 
32. c., 33 •. d. 

Sol.20- ~ - 8- ~ = 0 
8 4 

12 _
3q

=O 32C 8 ::::} q= fl 
32 

Potential difference .acro~s C I , V I = 8. = 4 V 

32 
AcrossC2, V2= "4 = 8V 

For Problems 34-35 

34. b., 35. c. 
. ql ql 

Sol. When SI IS closed: - 3 - 1 + 12 = 0 

4ql =36=> ql = 9).1C 

_ q4 _ q4 + 12 = 0 
4 2 

-3q4 + 12 X 4=O::::}Q4= 16flC 

Vo~ 12 V 

Fig. 4.208 

When S2 is also closed: 

3 x 7 21 
Ceq = J() = \0 flF 
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4.54 Physics fo r IIT-JEE: Electricity and Magnetism 

21 126 
q=CeqV = - x 12= -~C 

10 5 

12V 
Fig. 4.209 

ChargeonC3,q3=q (C C3
C

) 
. 3 + 4 

126 3 54 
q3=SX;;=S).lC => 

I , , 

C ~ 2) 

F'lr Problems 36-38 

36. a., 37. a., 38. b. 
Sol. Reducing the farthest right leg yields 

( 
1 1 1 ) - 1 C, 

C~ --+--+-- =2.0).lF =-
6.0~F 6.0~F 6.0~F 3 

It combines in parallel with a C2 

C=4.0).lF + 2.0).lF=6.0).lF=CI. 

So, the next reduction is the same as the first C = 2.0 
).IF = Cd3. And the next is the same as the second, leaving 
3CI's in series. So, Ceq = 2.0).lF = C 1/3. 

For the three capacitors nearest to points a and b: 

QCI = Ceq V = (2.0 X 10-6 F) (420 V) = 8.4 X 10-4 C 

QC2 = C2 V2 = (4.0 X 10-6 F)(420 V)33 = 5.6 x 10-4 c. 

1 (420 ) Vcd = - - V = 46.7 V, 
33' 

Since by sym~etry the total voltage drop over the equivalent 
capacitance of the part of the circuit from the junctions be
tween c and d is (420/3) V and the equivalent capacitance is 
that of three equal capacitors C I in series. V cd is the voltage 
over just one of those capacitors, i.e. 1/3 of 42013 V. 
For Problems 39-41 
3~,_.c •• 40. a., 41. b. 
Sol. When switch is in position 1, 

30 - io-3
Q
O = 0 ::::} 

1800 
q~ -

5 

Q=360j.lC · 

lTL_30_V_l_'_2_iL2_o_~; J 
30 IlF 

Fig. 4.210 

Now, the switch is in position 2, 

Q; + q~ = 360 

LoopABCD, 

1,,1"-,---,8 

Gh+~'D q', 

Fig. 4.211 

8Q3 = 360 
5 

q)= 360x5 = 450).lC 
8 2 

I 3450 
ql = "52- = 135 j.lC 

q3=225j.lC 

For Problems 42-43 

42. d., 43. d. 
Sol. Q = CV 

Charge flow: (Q + ~I ) - QI 

QJ Q -Q QJ 
T T 

c 

f----/"'" 
V 

Fig. 4.212 

K 

Q _lli = cv _ lli 
2 2 

(0 

(ii) 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



Q ~CV 
For Problems 44-45 

44. a., 45. b 
8 

Sol. Ceq == 3" 

8 
Ql = C"'I V = '3 x 15 = 40 I1C 

"------j f------- -----.J 
15V 

Fig. 4.213 

Q2 = -4 x 15 = 60llC 

Charge flow: Q2 - Q l = 60 - 40 = 20 !-Ie 

Matching 
Column Type 

II \ 
\ 

1. i: --+ a., c., ii. ~ h., iii., -+ a., c., iv. -+ d. 
Sol. a. By inserting dielectric slab, capacitance of 1 increases 
thereby increasing charge on capacitor. Thus, more charge is 
flown through the battery. Energy 'stored in capacitor also 
increases. 
h. By increasing separaton between the plates, capacitance 
of CI decreases. Charge on Cz also decreases. 
c. By shorting capacitor 1, only capacitor 2 remains in the 
circuit. Potential difference across Cz increases thereby in
creasing charge on 2 as well as energy stored. 
d. By earthing plate of capacitor I, potentials will change but 
there will be no change in potential difference, making. no 
overall change in the circuit. 

2. i. --+ b., ii. --+ c., III. --+ a., iv. --+ d. 
Sol. The charges on three plates which are in contact add 
to zero, because these plates taken together form an isolated 
system which cannot receive charges from the batteries. 

8 

A 

:"T: c 4,: 
qj q2 

+ :r: 
F 

IOV 20V 

Fig. 4.214 

D 

E 

Capacitor and Capacitance 4.55 

Thus,q3 - ql .- q2 = 0 

Applying Kirchhoff's law in loop ABCFA and CDEFC 

0' 

"od 

m 

ql q3 -- - - + 10 =0 
2 6 

q3 + 3ql = 60 

20_ Q2 _ q3 =0 
4 6 

3q2 + 2q) = 240 

Solving the above three equations, we have 

10 
ql = -IlC, 

3 

140 
q2 = 31lC, 

Potential difference across 

6C=Q3= 50 IlC 
II 6 61lF 

25 
= 3 V 

3. i. --+ b., ii. --+ a., iii. --+ d., iv. --+ c. 
Sol. 

Fig. 4.215 

(ii) 

(iii) 

These five plates constitute four identical capacitors in par-

f . soA I . d allel, each 0 capacity d . Now, as plate IS connecte to 

positive tenninal of battery and is a part of one capacitor only, 
so charge on it 

(EOAV) 
ql = + -

d 

So, i. --+ b. 

However, the plate 4 is connected to negative terminal of 
battery and in common to two identical capacitors in parallel. 

2soAV 
So,Q4 = --d-

Hence, ii. --+ a. 

From circuit, it is obvious that between the platcs 2 and 3, 
battery is connected s'o potential difference wi ll be V. Platcs 
1 and 5 gets connected through connecting wire, so potential 
difference between I and 5 is zero. 

Hence, iii --+ d. iv. --+ c. 
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Miscellaneous Assignments 
and 

Archives . on Chapters 1-4 

A.1 
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Al.2 Physics for lIT-JEE: Electricity and Magnetism 

EXERCISES 

Objective Type SoilltiOlTs on page AJ.44 

1. Three charges of equal magn itude q reside at the comers 
of an equilaterallriangle of side length 2 m. Where must 
a - 4q charge be placed so that any charge located at it 
experiences no nct electric force? Let P be the origin and 
lctthe distance betwecn the +q charge and P be 1.00 m. 

•• (0 • .J3) on b. (O.~) m 

c. (0.2.J3)m d. (0.3 )m 

'q 

2m 2m 

O'----i- ----<t»-;) ------ x 

1m 
, .',. 1m +q 

. 1 

Fig. Al.1 

2. A metal sphere having a radius,. charged to a potential V. 
is enveloped by a thin-walled conducting spherical shell 
of radius '2. Determine the potential V] acquired by the 
sphere after it has been connected for a short time to the 
shell by a conductor. 

Fig. A1.2 

•• y ]T2 
b • 

VIr] 

" '2 

C. V, d. 
V.(T . + r2) 

'2 

3. An insulated conductor initially free from charge is 
charged by repeated COntacts with a plate which afler each 
contact is repleni.~hed to a charge Q from an electropho
rus. If q is the charge on the conductor afler the first op
eration, find the maximum charge which can be given to 
the conductor in this way. 

Qq 
a. Q+q 

Qq 
c. Q - q 

b. 
3Qq 

2Q+q 
2Qq 

d. 
Q+q 

4. In the given circu it diagram (Fig. AU), the switch Sw is 
shifted from position I to position 2. Then 

E, E, 

Fig. AI.3 
a. a charge of amouO( CE2 will be supplied to battery 

. E, 

b. heat generated in the circuit is ~ C Ei 
c. a charge of amount CE2 will be supplied by battery 

E, 

d. heat generated in the circuit is ~C E] E2 

S. Find the e lectric dipole moment of a non-conducting ring 
of radius a, made of two semicircular rings having linear 
charge densities - .\ and +,\ as shown in Fig. AlA. 

, 

--:'f4---4---4~--< , , 

Fig. AI,4 

6. Find the electric dipole moment of a non-conducting ring. 
of radius a, having two quarter circular sections having 
linear charge densities ,\ and -A and arranged as shown 
in Fig. AU. 

, 

-~'H---I---IR---< 

-, 

Fig. A1.S 

7. For the phenomenon of "Electrostatic Induction", mark 
out the correct statement(s). 

a. The magnitude of net induced charge is zero. 
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Appendix A1: Miscellaneous Assignments and Archives on Chapters 1-4 A1.3 

b. The magnitude of net induced charge is equal and 
opposite to the magnitude of inducing charge. 

c. The mass of the bodies change slightly. 

d. Electrostatic induction is a permanent effect. 

S. For the arrangement shown in Fig. Al.6. mark out the 
correct statement(s). 

:c , , 
A : B 
I I 
q , q 
~,--->~:~.---o~ , 

:D 
Fig. A1.6 

a. For +ve test charge. P is a position of stable equilib
rium for displacement along AB. 

b. For +ve test charge, P is a position of unstable equi
librium for displacement along CD. 

c. For -ve test charge, P is a position of unstable equi
librium for displacement along AB. 

d. All of the above. 

9. We can provide a non-zero net charge to a dielectric (non
conducting) sphere by a method of 

a. charging by rubbing 

h. charging by conduction 

c. charging by induction 

d. none of the above 

10. Electric field intensity due to a semi-infinite wire at the 
point P, as shown in the Fig. Al.7, is 

-, , , , 
Linear ' ' 

,h"g' k 
density, 'A, 

o-+l 
-----:f r' 

, 0 t pH- y 

Fig. A1.7 

).. ~ ).. " a. -----, -----J 
4rr sod 4Jl'sod 

).. ~ ).. ~ 
b. - - (l-sinrr/4)i + --(cosrr/4)j 

4rrsod 4rrsod 
).. ~).. ~ 

c. --(1 + sin rr/4)i + - - (cos rr/4) j 
4Jl'sod 4rr sod 

).. A).. A 
d. --sinrr/4i + - - cosrr/4j 

4rr sod 4rr sod 

11. Two uncharged metal spheres A and B are in contact as 
shown in Fig. A 1.8. A negatively charged rod is brought 
near to A, but not touching it. The two spheres are sepa
rated slightly and the rod is then withdrawn. 
As a result of this 

a. both the sphercs acquire +ve charge 

b. both the sphercs acquire -ve charge 

A B 

/ 
l{ 

/ / ""-/ / 
/ / 

/ / 

~ ~ / 
/ 

~f 
1.< 

Insulating stands 

Fig. A1.8 

c. A acquires -ve and B acquires +ve charge 

d. A acquires +ve and B acquires -ve charge 

12. Charge is distributed uniformly on the surface of a spher
ical balloon (an insulator) with a point charge q inside. 
The electric force on q is greatest when 

a. it is near the inside surface of the balloon 

b. it is at the center of balloon 

c. it is anywhere inside (the force is same everywhere 
and is non-zero) 

d. it is anywhere inside (the force is zero everywhere) 

13. Charge is distributed on the surface of a spherical con
ducting shell with a point charge q inside. The electric 
force on q is greatest when 

14. 

15. 

a. it is near the inside surface of the shell 

h. it is at the center of shell 

c. it is anywhere inside (the force is same everywhere 
and is non-zero) 

d. it is anywhere inside (force is zero everywhere) 

An infinite long tube of semicircular cross section is given 
as shown in Fig. A1.9. One half of the tube is given a 

surface charge density +0" and the other half --a. E at point 
0, on the axis, would be [The point 0 is somewhere near 
the center on the axial line.) 

o 

R 

+ 0' - G 

Fig. A1.9 

0" ? a ~ 
a. --, b. --- , 

rrso rr£o 
O" A. a~ O"A 

c. - J d. -H - j 
rr~ Jl'~ Jl'~ 

The electric potential in a certain region of space is given 
by V = _3x2 + 4x, where x isinmetersand V isin volts. 
In this region. the equipotential surfaces are 

a. planes parallel to XY plane 

b. planes parallel to YZ plane 

c. concentric cylinders with axis as X -axis 

d. concenlric spheres centered at origin 
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At.4 Physics for IIT-JEE: Electricity and Magnetism 

16. Mark out the correct statement about the electric lines of 
force. 

a. The number of Jines of force leaving a +ve charge or 
entering a -ve charge is proportional to the magnitude 
of charge. 

h. The path of a charge particle in an electric field is not 
always along the field lines. 

c. The direction of electric lines of force is along the 
. nonnal to the equipotential surface. 

d. All of the above. 

17. 1\vo hollow spherical conductors A and B are arranged 
as shown in Fig. A 1.1 0. Conductor B is initially (before 
connection of A and B) neutral and charge on A is Q. 

18. 

19. 

20. 

R 

B 

Fig. A1.10 

After connecting, the potential of B is 

Q •. ~--"'--oc 
81l'so(r + R) 

b. Q 
41l' SoR 

QQ ' c. --- - --
4.1l'soR 4.1l'sor 

d. Infpnnation insufficient 

A circular ring of radius R is having uniformly distributed 
charge Q. Find the flux crossing through a sphere of radius 
R having its center on the periphery of the ring. 

•• zero b . 
Q 

480 

Q 
d. Q c. 

80 380 

A point chargeq is placed at the center of a closed cylindri
cal conductor of length I and radius R. The flux crossing 
through the conducting cylinder would be 

ql 
a. 2so[R2 + [2/4Jl/2] 

ql 

b. zero 

d. !!.... 
80 

A point charge q is placed at the center of an imaginary 
Gaussian surface as shown in Fig. A 1.11. 
Find the flux crossing through the curved surface. 

_l~ 

Fig. Al.ll 

21. 

22. 

a. zero b. :, [1- jR'~[214J 
ql 

d. - j''''== 
2eo ~+R2 

Consider a capacitor as shown in Fig. AI.12(a). Ifwe pull 
the plates of capacitor apart to a final position as shown in 
figure (b), then we must perfonn some work against elec
tric force. For this situation, mark out the correct state
mentes). [Take areas of plates as A] 

, 
-Q 

v 
1') 

Fig. A1.12 

V 

1b) 

a. Work done is ~(d2 - d l) and is stored in volume 
2eoA 

A(d2 - dd. 

b_ Work done is +~(d2 - dd and is stored in vol-
2soA 

umeAd2. 

c. Work done is + -- - -- and is stored in soAy2 (d2 -d1) 
2 d1d2 

volume A(d2 -dd. 

d. Work done IS -- - - - and is stored in vol-. SOAV2 (d2 -d1) 
2 d,(h 

umeAd2. 

An isolated capacitor of capacitance C is charged to a 
potential V. Then, a dielectric slab of dielectric constant 
K is inserted as shown in Fig. Al.l3. The net charge on 
four surfaces I, 2, 3 and 4 would be, respectively, 

2 3 4 

Fig. A1.13 

a. 0, CV. - CV , ° 
b 0 

CV - CV 0 
. , K' K ' 

c. CV,O,O,-CY 
, - CV CV 

d. CV, f{"' K' -CY 
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Appendix A1: Miscellaneous Assignments and Archives on Chapters 1-4 A1.5 

23. A parallel plate capacitor is completely immersed in a 
liquid dielectric having dielectric constant K as shown in 
Fig. Al.14. Find the force acting on a unit surface of the 
plate from the part of liquid dielectric in contact with that 
plate. 

~~~,::::::::::~ 
--n -- --------~ ~ 
=" ",,""""" T v -- ------ --------
~::I ------------. I 
====-=========t=== 

Fig. Al.14 

K s(}y2 
b. 

s(}(K - l)y2 
a. ---

2d' 2d2K 
KV' K(K _l)S(}y2 

c. 
2d' 

d. 
2d' 

24. A cylindrical layer of a homogeneous dielectric with the 
dielectric constant K in introduced into a cylindrical ca
pacitor so that the dielectric fills the gap of width d be
tween the plates. Mean radius of the plates is R such that 
R » d, the capacitor is connected to a battery of emf Y. 
Find the force pulling the dielectric inside the capacitor. 

s(}(K -l).1l"Ry2 s(}(K -l)y2R 
a. d b. 2d 

s(}(K - 1)dy2 Eo(K - l)y2R 
c. 2R d. nd 

25. Mark out the correct statement(s). 

a. Capacitance of an isolated sphere depends on its 
charge. 

b. Capacitance of a non-isolated sphere depends only 
on its shape and size. 

c. Capacitance of a non-isolated sphere is increased 
because of the presence of other conducting bodies 
nearby it. 

d. Capacitance of a conductor cannot be affected be
cause of the presence of other conducting bodies 
nearby it. 

26. Find the equivalent capacitance across A and B for the 
arrangement shown in Fig. AI.IS. 

Fig. Al.15 

All the capacitors are of capacitance C. 
3C 

a. 14 

C 
b. "8 

3C 
c. 16 
d. None of the above 

27. Three concentric spherical conductors are as shown in 
Fig. A 1.16. Determine the equivalent capacitance of the 
system between A and B. 

4.1l"soac 
a. --

c - a 

, 

Fig. A1.16 

4.1l" Eobc4 .~rr.::'o",a:::b 
b. --+-

c-b b - a 
4.1l"sobc 4.1l"soabc c.-- + 
c-b ab+c(b - a) 

4.1l"s(}ac 
d. - - - + 4.1l"s(}c 

c-a 
28. Capacitor C1 is connected to a battery and charged till 

the magnitude of the charge on each plate is qo. Then, the 
battery is disconnected and C 1 is connected to two other 
uncharged capacitors C2 and C3 as shown (Fig. A 1.17). Fi
nal charges on the capacitors (ql, q2 andq3) are related by 

1 r1c2 
C'T :oS 
~c' 

Fig. A1.17 

a. qO=ql+q2+q3 

b. Ql+q2 + q3=O 

c. qo = Q3+q2, ql =0 

d. QO=ql+Q2,Q2=Q3 

29. 'TWo identical capacitors are charged to different poten
tials, then they are connected to each other in such a way 
that the sum of charges of plates having same polarity 
remains constant. Mark out the correct statement. 

a. Sum of charges of plates having negative polarity re
mains constant. 

b. Mean of individual final potentials is different from 
mean of individual init~al potentials. 

c. Total energy stored in two capacitors in final state 
may be equal to that in the initial state. 

d. Heat dissipation in the circuit can be zero. 

30. Three concentric conducting spherical shells have radii r, 
2r and 3r and charges qlo Q2 and Q3. respectively. In
nermost and outermost shells are earthed as shown in 
Fig. AI.IS. The charges shown are after earthing. Select 
the correct alternative. 
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Al.6 Physics for IIT-JEE: Electricity and Magnetism 

q, 
~-_/" 

Fig. A1.18 

a. ql +q3 = -qz 
q, I 

e. - =- -
q, 3 

d. None of these 

31. If at distance r from a positively charged particle, elec
tric field strength and potential are E and V, respectively, 
which of the following graphs isJare correct? 

,. b. 

v v 

0[---->£ 

o' '-'''''----'E 
,. d. 

32. Two point charges are placed as shown in Fig. A1.l9. 
Mark out the correct option(s). 

, , , , 
• p 

Fig. A1.19 

B 

a. If ql is displaced, then E at B changes instanta
neously. 

b. If ql is displaced, then E at B changes after some 
time (very small). 

~ 

c. If qz is displaced, then E at P changes instanta
neously. 

~ 

d. If qland qz both are displaced, then E at P changes 
instantaneously. 

33. Two infinitely long parallel wires having linear charge 
densities Al and .1.. 2 , respectively, are placed at a distance 
R. The force per length on either wire will be 

a. k 2.1..1.1..2 b. k 2A1AZ 
• R 

d k AlAZ 
. R 

34. If a positively charged pendulum is oscillating in a uni
form electric field as shown in Fig. AI.20. Its time period 
as compared to that when it was uncharged 

-
[ .. ""~ .~ 

+ 

i!The;+ + + + 'f,fffi (@1 " .. 
Fig. Al.20 

a. will increase 

b. will decrease 

e. will not change 

d. will first increase and then decrease 

35. A uniformly charged and infinitely long line having a lin
ear charge density A is placed at a normal distance y from 
a point O. Consider a sphere of radius R with 0 as center 
and R > y. Electric flux through the surface of the sphere 
i, 

•• zero b. 
2AR 

&0 

C. 
2AJR2 _ y2 " AJR2+ y2 

d. 
&0 &0 

36. A uniformly charged ring of radius 15 em carries a total 
charge 60 Ile. Where should a point charge 3 IlC be kept 
on the axis of the ring so that it experiences maximum 
force? 

37. 

a. 15 cm from the center 

b. 13.8 cm from the center 

e. 10.6 cm from the center 

d. 7.5 cm from the 'center 

A point charge +Q is placed at the centroid of an equi
lateral triangle. When a second charge +Q is placed at a 
vertex of the triangle, the magnitude of the electrostatic 
force on the central charge is 8 N. The magnitude of the 
net force on the central charge when a third charge +Q is 
placed at another vertex of the triangle is 

a • . zero 

c. 4.J2 N 

b.4N 

d.8N 
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Appendix A1; Miscellaneous Assignments and Archives on Chapters 1-4 A1.7 

38. Five Styrofoam balls are suspended from insulating 
threads. Several experiments are performed on the balls 
and the following observations are made: 

39. 

(i) Ball A repels C and attracts B. 
(ii) Ball D attracts B and has no effect on E. 
(ijj) A negatively charged rod attracts both A and E. 
An electrically Ileutral styrofoam ball gets attracted if 
placed nearby a charged body due to induced charge. What 
are the charges, if any, on each ball A, B, C, D, and E? 

a. + -+0+ h. + - ++0 
c. +--+00 d. -+-00 

A charge Q is placed at a distance of 4R above the center 
of a disk of radius R. The magnitude of flux through the 
disk is 4>. Now, a hemispherical shcll of radius R is placed 
over the disk such that it forms a closed surface. The flux 
through the curved surface, taking direction of area vector 
along outward normal as positive, is 

a. zero 

c. -4> 

t ~Q , , , , , , 
4R : : , , , , , , 
~----: 

Fig. A1.21 

h. ¢ 

d.2. 

40_ Two very large thin conducting plates having same cross
sectional area are placed as shown in Fig. A 1.22. They are 
carrying charges Q and 3 Q, respectively: 

f Q 3Q 

(d~o) (2~ 0) (3J.O)· x 
Fig. A1.22 

The variation of electric ficld as a function of x(for x = 0 
to x = 3d) will be best represented by 

t t 
E , , E , , 
~ ~ , , , , , , , , 

d 2d 3d x ...... d 2d 3d x ...... 

•• b . 

t t 
E E -- , , , , , , , , ;--; , , , , 

: :2d 3d x ...... , 2d 3d x + , ,........, , , 
' d d ,. d. 

41. The negative charge -(/2 is fixed while positive charge 
q] as well as the conducting sphere'S' is free to move 
(Fig. AI.23). If the system is released from rest, 

42. 

43. 

44. 

-q'Jim 
Fig. Al.23 

Conducting 
sheH '5' 

a. both Sand ql move towards left 

h. q] moves towards right while S moves towards left 

c. q l remains at rest, S moves towards left 

d. both q] and S remain at rest 

A charged particle of mass m = 2 kg and charge I IlC is 
projected from a horizontal ground at an angle () = 45° 
with speed 10 ms- 1• In space, a horizontal electric field 
towards the direction of projection E = 2 X 107 NC-] 
exists. The range of the projectile is 

a.20m 

c. 200 m 
h.60m 

d. 180m 

A wire of linear charge density A passes through a cuboid 
of length [, breadth b and height h (l > b > h) in such a 
manner that flux through the cuboid is maximum. The po
sition of the wire is now changed, so that the flux through 
the cuboid is minimum. The ratio of maximum flux to 
minimum flux will be 

-../[2 + b2 
a. 

h 
h. 

.J12 +b?+h2 

h 
h h 

c . 
.JFf+iii 

d. 
-../t2+b2 +hi 

A positively charged particle P enters the region between 
two parallel plates with a vek,city u, in a direction parallel 
to the plates. There is a uniform electric field in this region. 
P emerges from this region with a velocity v. Taking C 
as a constant, v will depend on u as 

~ 

a. v = Cu 

" 
~--+~I-

Fig. A1.24 

b. v = -../u2 + Cu 

c. v = /u2 + f d . v ~ JU2 + ~ 
45. Consider the situation shown in Fig. A 1.25. We find elec

tric field E at point P using Gauss's law and it comes out 
to be E = aleo. This electric field is due to 

a. all the amount of charges present on both the plates 

b. all the charges present on positive plate only 

c. positive charg\! present only inside the Gaussian sur
face 
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Al.S Physics for IIT-JEE: Electricity and Magnetism 

d. positive charge present inside the Gaussian surface 
plus equal magnitude of negative charge present on 
negative plate in front of Gaussian surface 

+ 
++a 
+ 
+ 

- a-

+ E 

+ 
+ 
+ 

p 

Gaussian surface 

Fig. Al.25 

46. Figure Al.26 shows three circular arcs, each of radius R 
and total charge as indicated. The net electric potential at 
the center of curvature is 

a. 
Q 

2rrEoR 
b. 

Q 

4rrEoR 

c. 
2Q 

rr£oR 
d. 

Q 

rr£oR 

Fig. A1.26 

47. Electric field intensity at an equatorial point of a dipole 
[dipole moment p] is E. The angle between p and E is 

a. 90" h. 180" 

c. 0° d. none of these 

48. Four charges ~ placed at four comers of a square as 
shown (Fig. Al.2?). The side of the square is a. Two 
charges are positive and two are negative but their magni
tudes are same. Now, an external agent starts decreasing 
all the sides of the square slowly and at the same rate. What 
happens to the electrical potential energy of the system 
and what will be the nature of work done by the agent? 

+ '(}----.,----{) + , 

- ,0------0 - , 
Fig. Al.27 

a. Increases, positive 

h. Increases, negative 

c. Decreases, negative 

d. Increases. positive 

49. Given a metallic unifonnly charged sphere. The radius of 
the sphere is increased keeping its potential same. What 
is the effect on the value of e1ectric field intensity at its 
surface? 

a. Increases 

b. Decreases 

c. Remains constant 

d. Cannot say 

50. One-fourth of a sphere of radius R is removed as shown 
(Fig. AI.28). An electric' field E exists parallel to x- y 
plane. Find the flux through remaining curved part. 

y 

'" 

R 

Fig. Al.28 

______ .... x 

h . ..J2rrR2E 

d. none of these 

51. At a distance r from a point located at origin in space, 
electric potential varies as V = lOr. Find the electric field 
atr = 31 +4} - 5k. 

a. J2 (31 + 4] - 5k) 
b. -J2 (31 + 4] - 5k) 
c. -)3 (31 + 4] - 5k) 
d. None of the above 

52. A conducting spherical shell is·earthed. A positive charge 
+ql is placed at the center and another small positive 
charge +q2 is placed at a distance r from ql (Fig. AI.29). 
Ignore the effect of induced charge due to q2 on the sphere. 
Then, the coulomb force on q2 is 

53. 

R " , 

Fig. A1.29 

a. zero 

C. 2 
4rr£o(r - R) 

In the above problem, if the conducting spherical shell is 
not earthed but is neutral, then the force on q2 is 
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Appendix At: Miscellaneous Assignments and Archives on Chapters 1-4 A1.9 

a. zero 
q[q2 

h. 2 
4neor 

d. none of these 
q[q2 

c. 2 
4neo (r - R) 

54. Two parallel conducting plates, each of area A, are sepa
rated by a distance d. Now, the left plate is given a positive 
charge Q. A positive charge q of mass In is released from a 
point near the left plate. Find the time taken by the charge 
to reach the right plate. 

Q 

d 

Fig. Al.30 

a. ~
eOA 

qQ 

c. ~
eoA 

qQ 
d. None of these 

55. A uniform electric field of 100 Vm- J is directed at 
60° with the positive x-axis as shown in Fig. A1.3!. If 
OA = 2 m, the potential difference Va - V A is 

a. 50 V 

c. 100 V 

60· 

A 2 

Fig. Al.31 

E 

h. 50 V 

d. -100 V 

56. A graph of the x-componcnt of thc clectric ficld as a func
tion of x in a region of space is shown in Fig. A 1.32. The 
y and z components of the electric field are zero in this 
region. If the electric potential is 10 V at the origin, then 
potential at x = 2.0 m is 

20 - -------------------,---

Ex (NC-1) +,----,-t--;:l-:-7r--t--t---+ x(m) 
2 3, 4 5 

- 20 -

, , , , ____ _ ,_ _ __ _ ___ J ___ __ _ ________ . 

Fig. A1.32 

a. 10 V 

c. - lOY 

b.4QV 

d. 30V 

57. An uncharged conductor A is' brought near a positively 
charged conductor B. The size of the conductor A is much 
greater than the size of conductor B. Then, 

a. the charge on B will increase~t the potential of B 
will not change 

b. the charge on B will not chang but the potential of 
B will decrease 

c. the charge on B will decrease but the potential of B 
will not change 

d. the charge on B will not change but the potential of 
B will increase 

58. Inside a hollow conducting sphere, which is uncharged, 
a charge q is placed at its center. Let electric field at a 
distance x from center at point p is E and potential at this 
point is V. Now, some positive charge Q is given to this 
sphere, then 

a. E will remain same 

b. E will increase 

c. V will decrease 

d. V will remain same 

UPQ . -q 

Fig. A1.33 

59. A charge particle moves in a circle around an infini.te line 
charge with the center of circle at the line and line being 
perpendicular 10 the plane of circle. Let r is the radius of 
circle. The velocity of the 'particle depends upon which 
power of r. 

60. 

a. I b. 2 

c. -1 d. None of these 

1\vo large plates are given the charges as shown in 
Fig. AI.34. Now, the left plate is earthed. Find the amount 
of charge that will flow from earth to the plate. 

\ 

Fig. A1.34 

61. Three identical metallic plates are kept parallel to one 
another at separations a and h. The outer plates are con
nected CO the ground and the middle plate is given charge 
Q (Fig. A 1.35). Then, charge on the right side of middle 
plate is 
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A1.10 Physics for IIT-JEE: Electricity and Magnetism 

a. QI2 b. 
Qb - --

a+b 
Qb 

d. 
Qa 

c. 
a+b a+b 

, b 

Fig. A1.35 

62. An electric dipole consists of charges ±2.0x 10-8 C sep
arated by distance of 2.0 x 10-3 m. It is placed at a dis· 
tance of 6 cm from a line charge of linear charge density 
4.0xlO-4 Cm-1 as shown in Fig. A1.36, such that the 
dipole makes an angle of 8 = 60° with line AB. Find the 
force acting on the dipole. 

, 
'+ 

+ 

+ 6cm . + 
A ~ u __ u - ---J~-B 

+ -

a. 0.012 N 

c. 0.04 N 

+ 

Fig. A1.36 

b. 1.8 N 

d. None of these 

63. A 16).1F capacitor, initially charged to 5 V, is started charg· 
ing at t = 0 by a source at the rate of 40t ).ICS- 1• How long 
will it take to raise its potential to 10 V? 

a.ls b.2s 

c. 3 s d. None of these 

64. Find the equivalent capacitance betl, ::en C and B. 

65. 

~12"'F 
A -Y"~,-=r~ f-----. B 

a. 6/5).1F 

c. 4 flF 

P q , 

Fig. A1.37 

b. 5/6 flF 

d. None of these 

A parallel plate capacitor of capacitance 10 flF is con· 
nected across a battery of emf 5 mY. Now, the space be· 
tween the plates of the capacitor is filled with a dielectric 
material of dielectric constant K = 5. Then, the charge that 
will flow through the battery till equilibrium is reached is 

a. 250 flC b. 250 nC 

c. 200 nC d. 200 IlC 

66. Six plates of equal area A and plate separation as shown 
(Fig. A1.38) are arranged. Equivalent capacitance be· 
tween A and B is 

67. 

d 

2d 
2 

A 3 
3d 4 

2d 
B 

d 
, 
6 

. Fig. Al.38 

'oA b. 
2eoA 

a. 
d d 

3eoA 'oA c. -- d. 4d d 

If area of each plate is A and the successive separations 
are d, 2d, and 3d, then equivalent capacitance across A 
and B is 

'oA 
a. 6d 

c. 
3eoA 

4d 

Fig. Al.39 

'oA 
b. 4d 

'oA 
d. 3d 

68. Three plates A, B, and C, each of area 50 m2, have sepa
ration 3 mm between A and Band 6 mm between Band 
C. The energy stored when the plates are fully charged by 
a 12 volt battery is 

a.2).11 ~1 .6~ 

c. 5 III d. 3.2).11 

69. A circuit has a section AB shown (Fig. A 1.41). Potential 
difference between the points A and B (i.e., VA - VB) 

equals 5 V. The voltage across 2 IlF capacitor is 

70. 

a.5V b.lO V c.15V d. zero 

E= IOV 

A ----1 f------< f------i I-- B 

C1=2j.IF C2=2 j.IF 

Fig. Al.41 

In the circuit shown (Fig. A 1.42), equivalent capacitance 
between the points X and Y is 

a.2).1F b.3f.1F c.4f.1F d.5).1F 
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Appendix A1: Miscellaneous Assignments and Archives on Chapters 1- 4 A1.11 

Fig. A1.42 

71. An electric dipole is placed at origin in the x-y plane with 
its orientation along the positive x-axis. The direction of 
electric field 
a. at (- Xo, 0, 0) is along the positive x-axis. 

b. at (0, Yo, 0) is along the negative x-axis. 

c. at (0, 0, zo) is along the negative x-axis, 

d. all the above. 

72. For t~e arrangement shown in Fig. ~lA3, identify the 
correct statement. 

A.1 + 20V 

T lOY 

~j.lIF B 12
1j.1h lOV 

~ ~ 
Fig. A1.43 

a. the charge on the 12 1lF capacitor is zero. 

b. the charge on the 121lF capacitor is 30 1lC. 

c. the charge on the 4 ).IF capacitor is 30 ).Ie. 

d. none of these 

73. The electric field in a region is given by 

..... Eox ..... 
E~-l-; 

Find the charge contained inside a cubical volume 
bounded by the surfaces x = 0, x = a, y = 0, y = a, 
z = 0 and z = a. Take Eo = 5 X 103 N/C, l = 0.02 m 
and a = 0.01 m. 

a. 1.1 x 1O- 12C 

c. 4.4 X lO- 12C 

b. 2.2 X lO-12C 

d. 5.5 X lO-lZC 

74. Three identical metal plates with large surface areas are 
kept parallel to each other as shown in Fig. AI,44. The 
leftmost plate is given a charge Q, the rightmost a charge 
- 2Q and the middle one remains neutral. Find the charge 
appearing on the outer surface of the rightmost plate. 

Fig. Al.44 

a. IQ/4 b. t2Q c. tQ d. IQ/2 

v r-::1p 
8 
Fig. AI.4S 

75. The particle P shown in figure has a mass of 10 mg and a 
charge of -0.01 ).IC. Each platehasa surface area 10-2 m2 

on one side. What potential difference V should be applied 
to the combination to hold the particle P in equilibrium? 
LC_ ~H_ ~~_ ~~_ 

76. Figure A 1.46 shows two, identical parallel plate capaci
tors connected to a battery through a switch S. Initially, 
the switch is closed so that the capacitors are completely 
charged. The switch is now opened and the free space be
tween the plates of the capacitors is filled with a dielectric 
of dielectric constant 3. Find the ratio of the initial total 
energy stored in the capacitors to the final total energy 
stored. 

a. 9: 16 

c. 2: 3 

Fig. A1.46 

b. 5: 9 

d. 3: 5 

77. Find the charge appearing on each of the three capacitors 
shown in Fig. A1.47 as CA, CB, Cc 

~f'18-'"::,Fc-_---, 

12vt C'+'"F +Cf"F 
Fig. A1.47 

a. 60 ~C. 20 ~C. 30 ~C 
b. 50 IlC, 12 ).IC, 10 IlC 

c. 48 IlC, 24 ).IC, 24 IlC 

d. 40 ~C. 30 ~C. 30 ~C 

78. 1Wo condensers C I and Cz in a circuit are joined as shown 
in Fig. A 1,48. The potential of point A is VI and that of 
B is V2 . The potential of point D will be 

I 
a. 2(VI + V2) 

<. 
CIVI +C2 VZ 

C1 +C2 

Fig. AI.4S · 
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A1.12 Physics for IIT·JEE: Electricity and Magnetism 

79. 1\vo identical capacitors have the same capacitance C. 
One of them is charged to potential VI and the other to V2. 
The negative ends of the capacitors are connected together. 
When the positive ends are also connected, the decrease 
in energy of the combined system is 

122 a. 4C(VI - V2 ) b. ~C(V12 + vi> 
I 2 

c. 4C(VI - V2 ) 
I 2 

d. 4"C(VI + V2) 

80. A point charge q is situated at X between two paral
lel plates which have a potential difference V and calTY 
charges +Q and - Q. What is the electric field strength 
atX? 

V 
•• -

d 
Q 

c. ---
4ntoa2 

+ . 
+++++ +++++ 

d J; 

Fig. A1.49 

v 

b Vq 
• d 

qQ 
d. 2 

4ntoa 
81. In the circuit shown, a capacitor of capacitance 3 ).IF is 

charged form a battery of e.m.f. 6 V with switch connected 
to terminal P. The switch is now connected to Q. This 
charges the 6 IlF capacitor from the 3 ).IF one. What is the 
new potential difference across combination? 

82. 

a. IV 

p Q 

,~ l'"F 
T T

3
" T 

Fig. At.50 

b. 2 V c. 4 V d. 6V 

In the given alTangement of capacitors 6).1C charge is 
added to point A. Find the charge on upper capacitor. 

a. 3).1G 

c.2).1C 

Fig. A1.51 

b. I).IC 

d. 6).1C 

83. Two capacitors A and B with capacities CI and C2 are 
charged to potential difference of VI and V2, respectively. 
The plates of capacitors are connected as shown in figure 
with one wire from each capacitor free. The upper plate 
of A is positive and that of B is' negative. An uncharged 
capacitor of capacitance C3 and lead wires falls on the 
free ends to complete circuit, then 

Fig. A1.52 

s. final charge on each capacitor are same to each other 

b. the final sum of charge on plates a & d is C I VI 

c. the final sum of charge on plates (b) and (g) is 
C2V2 - CI VI 

d. both (b) and (c) are correct 

84. Two point charges q and 4q are held at a separation r. 
The electric field due to them is zero at Q distance , 

a. v'3 from charge 4q 

, 
b. 3" from charge 4qs 

2,' 
c. v'3 from charge 4q 

2,· 
d. 3' from charge 4q 

85. A parallel plate capacitor C is equally filled with parallel 
layers of materials of dielectric constants K I and K2. Then 
the ratio of new capacitance to the previous capacitor is 

2KIK2 •• KJ +K2 
b. K I +K2 

KIK2 
C. 

KJ +K2 
d. none of the above 

86. The time period of simple pendulum of charged bob is 
T as shown in the Fig. A1.53. Now a massless charge q 
is placed at point B, and time period of oscillation is T' , 
then 

S'. T' >. T 

c. T' = T 

(i) (ii) 

Fig. At.53 

h. T' < T 

d. can't say 

87. A long string with a charge of l per unit length passes 
through an imaginary cube of edge a. The maximum flux 
of the electric field through the cube will be 

•• 

c. 

AQ -,fila 
b.-

'0 

~ha 
d. -

'0 
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Appendix Al: Miscellaneous Assignments and Archives on Chapters 1-4 Al.13 

88. A conducting shell of radius a and charge Q is concentric 
with a solid sphere of charge Q and radius b (b < a), then 
the electric potential at distance reb < r < a) from the 
centre is 

a. KQ G+D 
b. KQ (~- ~) a , 

c. KQ G+~) 
KQ I 

d. -- where k = --
a 4.rr£0 

89. An Ct' particle passes rapidly through the exact centre of 
a hydrogen molecule. moving on a line perpendicular to 
the internuclear axis. The distance between the nuclei is 
b. Where on its path does the a particle experience the 
greatest force? Assume that the nuclei do not move much 
during the passage of the a particle. Also neglect the elec
tric field of the electrons in the molecule. 

b 
a. 

2 

b 
c • .J2 

Fig. AI.54 

b 
b. '" 2v2 

d. none of above 

90. In the given electric field E = [a(d + x) i + Eo J] N/C; 
where a = I N/C hypothetical closed surface is taken as 
shown in Fig. A 1.55. The total charged enclosed within 
the close surface is: 

y 

» t E)' - Eo; 

• • Ex " (d+:x)! 

a. 

"I /-::-r-7--> ,. 
, • .;~.",,=(~O~;~o.=o=) ~.;-.-

abc £0 

2 
abdeo 

Fig. AI.55 

c. 2 

aed eo 
b. 

2 

d. none of above 

91. A spherical conductor A contains two spherical cavities. 

92. 

The total charge on the conductor itself is zero. However, 
there is a point charge qb at the centre of one cavity and 
qc at the centre of the other. A considerable distance r 
away from the centre of the spherical conductor, there is 
another charge qd. Force acting on qb, qc and qd are 
Fl , F2, and F3, respectively. [Assume all charges are pos
itive] 

~----,' 

Fig. AI.56 

a. FI < F2 < F3 

c.F] =F2>F3 

,q, 
, 

b.F1 =F2 <F3 

d.F1 >F2 >F3 

Three infinite plane have a uniform surface charge distri
bution (1 on its surface. All charges are fixed. On each of 
the three infinite planes, parallel to the y-z plane placed 
at x = -a , x = 0 and x = a, there is a unifonn surface 
charge of the same density, (1. The potential difference 
between A and C is 

a 
a. -a 

2'0 
aa 

c. 
2eo 

A 

2 

y 

B 

+ 
+ + 
+ 

a + 
+ 

Fig. A1.57 

c 
+ + + + 

+ + 
+ 

+a + 
+ + 

a 
h. -Q 

Co 

, 

d. none of above 

93. A capacitor of capacitance C is charged to Q potential dif
ference of Yo. The charging battery is disconnected and the 
capacitor is connected to a capacitor of unknown capac
itance x. The potential difference across the combination 
is V. The value of x should be 

C(Vo - V) C(V - Vo) 
a_ V b. V 

c. 
ev 
Vo 

evo 
d. V 

94. In the circuit shown in Fig. AI.58, charge stored in capac
itor of capacitance 311F is 

a. zero 

c. 60l1C 

b. 40l1C 

d. 90 ~C 
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Al.14 Physics for IIT-JEE: Electricity and Magnetism 

95. 

Fig. A1.58 

A photographic flash units consists of 0 xenon filled tube. 
It gives 0 flash of average power 2000 W for 0.04 sec. The 
flash is due to discharge of a fully charged capacitor of 
40 f.lF. The voltage to which it is charged before a flash is 
given by the unit is 

a. 1,500 V 

c. 2,500 V 

b. 2,000 V 

d. 3,000 V 

96. In the circuit shown equivalent capacitance between the 
points X and Y is: 

Fig. A1.59 

a. 2 flF b.3).1F c.4flF 

97. A parallel plate capacitor is connected to 0 battery. The 
plates are pulled apart with uniform speed. If x is the 
separation between the plates, then rate of change of elec
trostatic energy of the capacitor is proportional to 

I 
a. x 2 b. x c. - d. 2 

X x 

98. Find equivalent capacitance between A and B. [Assume 
each conducting plate is having same dimensions and ne-

glect the thickness of the plate, e: A :::: 7 ).IF [where A is 

area of plates, A > > d] 

~d A 
--.,-i.d,---! - ----- . 

d 

~2d 

B ~d .-----------"---' 

a. 7).1F 

c. 12 flF 

Fig. A1.60 

b. II flF 

d. 15).1F 

99. If the plates of 0 parallel plate capacitor are not equal in 
area, then 

a. quantity of charge on the plates will be same but na
ture of charge will differ 

100. 

b. quantity of charge on the plates as well as nature of 
charge will be different 

c. quantity of charge on the plates will be different but 
nature of charge will be same 

d. quantity of charge as well as nature of charge will be 
same 

Electric charges q, q, -2q are placed at the corners of 
an equilateral triangle ABC of side t. The magnitude of 
electric dipole moment of the system is 

a. ql 

e. >/3ql 

b. 2ql 

d. ql 

101. How does the electric field strength vary when we enter a 
uniformly charged spherical cloud? 

a. Decreases inversely as the square of the distance from 
the surface 

b. Decreases directly as the square of the distance from 
the surface 

c. Decreases directly as the square of the distance from 
the center 

d. Decreases directly as the distance from the center or
E,,,, 

102. A ring of radius R carries 0 charge +q. A test charge -qo 
is released on its axis at 0 distance from irs center. How 
much kinetic energy will be acquired by the test charge 
when it reaches the center of the ring? 

qqo b. 
qqo 

a. - - - - - - --
47! eo R 47!so 2R 

I qqo d. 
I qqo 

e. 
47!so ../3R 

----
47!so 3R 

103. '!Wo points are at distances 0 and b (0 < b) from 0 long 
string of charge per unit length A. The potential difference 
between the points is proportional to: 

a. blo b. b2
/0

2 

e. fo7ii d. log (b(o) 

104. When two uncharged metal balls of radius 0.09 mm each 
collide, one electron is transferred between them. The po
tential difference between them would be: 

105. 

a. 16 flV 

c. 32).1V 

b. 16 pV 

d. ~,2 pV 

In a ce11ain charge distribution, all points having zero po
tential can be joined by 0 circle S. Points inside Shave 
positive potential, and points outside S have negative po
tential. A positive charge, which is free to move, is placed 

inside S 

a. it will remain in equilibrium 

b. it can move inside S, but it can not cross S 

c. it must cross S at some time 

d. it may move, but will ultimately return to its starting 
point 
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Appendix AI: Miscellaneous Assignments and Archives on Chapters 1-4 Al.15 

106. A charge +q if: placed at each o f the points x = Xo. x = 
3.1'0. X = 5xo at infinitum on the x-axis, and a charge -q is 
placed at each of the points x = 2xo• x :::: 4.1'0. X = 6xo al 

infinitum. Here • .1'0 is a positiveconslanl. Take the electric 
potential at a poin! due 10 a charge Q at a distance r from 
it to be Q/4rrEor. Then the potential at the origin due to 
the above system of charges is 

a. 0 

b. 
q 

8nEoxo log 2 
C. 00 

d,qlog2 
4rrEoxo 

107. A long siring with a charge of ). per unit length passes 
through an imaginary cube of edge (I. The maximum flux 
of the electric field through the cube will be 

108. 

a. ).0/80 

C. 6).0 2/ eo 
b • ./2).o/eo 

d . . ../3)..0/£0 

A spring block system undergoes vertical oscillations 
above a large horizomal metal sheet with uniform pos
itive charge. The time period of the oscillation is T . If the 
block is given a charge Q, its time period of oscillatio n 
will be 

a. T 

b. > T 

c. < T 

d. > T if Q is + ve and < T if Q is -ve 

109. The potentials of the two plates of capacities are +10 V 
and -10 V. The charge on one of the plates is 40 C. The 
capacitance of the capacitor is 

a. 2 F 

c. 0.5 F 

b. 4 F 

d. 0.25 F 

110. The capacity of parallel plate capacitor in air and on im
mcrsing it into oil is 50 ~F and 110 ~F respectively. The 
dielectric constant of oil is 

111. 

112. 

3. 0.45 

c. 1.10 

h.0.55 

d. 2.20 

An air parallel plate capaci to r has capacity C . When d is
tance between plates is doubled and capacitor is emerged 
in water the capacity get doubled then dielectric constant 
of water is 

a. I b.2 c. 3 d. 4 

A thin aluminium sheet is placed between the plates of a 
parallel plates capaci tor. Its capacitance will 

a. increases 

b. decreases 

c. remain same 

d. become infinite 

113. A fully charged capacitor has a capacitance C. It is dis
charged through a s mall coil of resistance wire embedded 
in a thermally insulated block of specific heat capacity s 
and mass In. If the temperature of the block is raised by 
T, the potential difference V across the capacitance is 

a. mS:T b. /2m~6.T 

mCt:.T 
d. ---, 

114. A capacitor of 2.5 IJF is charged through a resistor of 
4 Mn. In how much time will potential drop across ca
pacitor will become 3 times that of resistor (In 2 = 0.693) 

a. 13.86 s h. 6.93 s 
c. 1.386 s d. 69.3 s 

115. The work done in placing a charge of 8x 1018 coulomb 
on a condenser of capacity 100 micro-farad is 

n. 32x 10- 32 joule 

b. 16 x 10- 32 joule 

c. 3. 1 x 10- 26 joule 

d. 4x 10-10 joule 

116. A 40 J.lF cap.\citor in a defibrillalor is charged to 3000 V. 
The energy stored in the capacitor is sent through the pa
tient during a pulse of duration 2 ms. The power delivered 
to the patient is 

a. 45 kW b. 90 kW 

c. 180kW d. 360 kW 

117. Three charges q, q, and - 2q are fixed on the vertices of 
an equilateral triangular plate of edge length a. This plate 
is in equilibrium between two very large plates having 
surface charge density 0'1 and 0'2, respectively. Find time 
period of small angular oscillation about an axis passing 
through its centroid and perpendicular to plane. Moment 
of inertia of the system about this axis is 1. 

2 
/ 

Eol 
b. rr 

2qalal 0'21 
3.2 I Eol 

1t V qulal - 0'21 

c. :In 
2eol 

118. The capacitor plalcs are fixed on an inclined plane and 
connected to a bauery of e.m.f. E. The capacitor plates 
have plate area A, length 1 and the distance between them 
is d. A dielectric slab of mass 111 and dielectric constant 
K is inserted into the capacitor and tied to a mass M by 
a massless string as shown in the figure. Find the value of 
M for which the slab will stay in equilibrium. There is no 
friction between slab and plates. 

III E2goA(k - I) 
a. '2 + ngd 

In E 2eoA(k - 1) 
b. 2" - 21gd 
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At.t6 Physics for IIT-JEE: Electricity and Magnetism 

M 

Fig. AL61 

m =E-=2e",oA:o(o::k_-_l"l 
c. -+ 

2 19e1 
In E2eoA(k - 1) 

d. "2 - [gd 

119. 'TWo plates, each of area A are placed parallel to each 
other at a distance d. One plate is connected to a battery 
of e.m.f. E and its negative is earthed. The other plate is 
also earthed. The charge drawn by plate is 

.. // E1 
-

Fig. AL62 

2eoAE b. 
eoAE 

a. 
d d 

eoAE d. 
3eoAE 

c. 
2d d 

120. A particle with charge +q and mass »I, moving under the 
influence of a uniform electric field Ei and a uniform 
magnetic field Bk, follows a trajectory from P to Q as 
shown. The velocities at P and Q are vi and -2vJ . Which 
of the following is correct? 

~ ~ 

:b: 
o 20 Q 

Fig. A1.63 

a. E = ~ (/nV2) 
4 qa 

h. the rate of work done by the electric field at P is 

Hm:') 
c. the rate of work done by the electric field at P is ° 
d. the rate of work done by both the fields at Q is 0 

121. A charged particle P leaves the origin with speed v ::: Vo, 
at some inclination with the x-axis. There is a uniform 
magnetic field B along the x-axis. P strikes a fixed target 
T on the x-axis for minimum value of B ::: 8 0. P will also 
strike T if 

a. B = 2Bo, v = 2vo 

h. 8 = 2Bo, v = Vo 

c.8=Bo,v= 2uo 

d. 8 = Bo/2, u = 2vo 

122. An electron moves in a uniform magnetic fielci and fol
lows a spiral path as shown in Fig. A 1.64 Which of tbe 
folllowing statements is/are correct 

Fig. A1.64 

a. Angular velocity of electron remains constant. 

b. Magnitude of velocity of electron decreases conti
nously. 

c. Net force on the particle is always perpendicular to 
its direction of motion. 

d. Magnitude of net force on the electron decreases con
tinously. 

123. A charged particle moves in a garvity free space where 
an electric field of strength E and a magnetic field of 
induction B exist. Which of the following statement is/are 
correct? 

a. If E -# ° and B -# 0, velocity of the particle may 
remain constant. 

b. If E ::: 0, particle cannot trace a circular path. 

c. If E ::: 0, kinetic energy of the particle remains con
stant. 

d. None of these. 

MultipLe Correct 
Answers Type 

,. (, , 

Solulions on page Ai.57 . 
1. If at distance r from a positively charged particle, electric 

field strength and energy density are E and U, respec
tively, which of the following graphs is/are correct? 

E o 

0'-"""---+0 01<'----+ E' 

b. 

E 

oL----> 0 oc.,=--+ u 
,. d. 

2. Mark ~)Ut the incolTect statement(s) . 
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Appendix A1: Miscellaneous Assignments and Archives on Chapters 1-4 Al. 17 

a. A proton tends to go f!'Om a region of low electric 
potential to a region of high e lectric potential. 

b. The electric potential or.a negative charged conductor 
must be negative. 
~ 

c. If E = 0 at a point P, then V must be zero at P. 

d. If ~ =O at a point P, then E must be zero at P. 

3. In a uniformly charged d ielectric sphere, a very thin tunne l / 
has been made along the dinmeter as shown in Fig. A 1.65: 
below. A charge particle - q hav ing mass m is released 
from rest at one end of the tunnel. 
For the situation described, mark out the correct state
ment(s). (Neglect gravity. ) 

-q 
• 

Fig. Al.65 

Charge Q 

a. Charge particle will perform SHM about center of the 
sphere as mean position. 

b. Time period of the particle is 2:rr 

c. Particle will perform oscillation but not SHM. 

d. Speed of the particle while crossing mean position is 

/4:rr:!R' 
4. A charge particle q is p!'Ojected in an electric field pro

duced by a fixed point charge Q as shown in Fig. A 1.66. 
Mark out the correct statements. 

• 
~ Q • ___ ____ _______ __ _ ·00 

Fixed 

Fig. Al.66 

a. The path taken by q is a straisht line. 

b. The path taken by q is not a straight line. 

c. The minimum distance between the two particles is 

2 mu2 

d. Velocity of the particle q is changing in magnitude 
and direction both . . 

S. Four identical particles, each having mass m and charge 
q, are placed at the vCI1ices of a square of side I. All the 
particles are free to move without any friction and released 
simultaneously from rest. Then, 

a. at all instants, the particles remain at vertices of 
square whose edge length is changing 

b. the configuration is changing (not remaining square) 
as the time passes 

c. the speed of the particles when one of the particles 

get displaced by ~ is 8 q2 (2 + ~) 
. ..; 2 1tcom l ,,2 

d. speed of the particles cannot be found 

6. A small sphere is charged uniformly and placed at some 
point A(xo, Yo) so that at point B(9 m, 4 m) electric 
fie ld strength is E = (541 + 72J) NC- L and potential is 
1800 V. Then, 

a. the magnitude of charge on the sphere is 4 iJC 

h. the magnitude of charge on the sphere is 2 !-IC 

c. coordinates of A are: Xo = -3, Yo = - 12 

d. coordinates of A are: xo .= 4, Yo = - 1 

7. Two conducting plates M and N, each having large sur· 
face area A (on one side), are placed parallel to each other 
(Fig. A1.67). The plate M is given a charge QI and N a 
charge Q2 « Ql). Then, 

a. e lectric 'fie ld at point A is QI - Q2 towards ligbt 
2Aeo 

b. I . fi Id . B ' QI + Q 2 <Is . h e ectnc e at pomt IS towar n g t 
2A so 

c. electric potential of N is greater than M 

d. all of the above 

M N 

• • A B 

+ QI + Ql 

Fig. Al.67 

8. A point charge q is placed withiil the cavity of an elec
trically neutral conducting shell whose outer surface has 
spherical shape (Fig. A 1.68). TIlen. 

a. the potential V at a point P lying outside the she ll at' 

a distance /' from the center 0 of the outer surface 
depends upon the value of x 

b. potential at P does not depend upon the value of x 

c. a total charge q will be induced on the outer surface 
of the shell which will be distributed uniformly on 
the outer surface 
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At.tS Physics for IIT-JEE: Electricity and Magnetism 

d. a total charge -q will be induced on the inner surfacc 
of the shell which will be distributed non-.uniformly 
on the inner surface 

Fig. A1.68 

9. In Fig. Al.69, the plates of a parallel plate capacitor have 
unequal charges. Its capacitance is C. P is a point outside 
the capacitor and close to the plate of charge - Q. The 
distance between the platcs is d. Then, 

2Q -Q 

op 

Fig. A1.69 

a. a point charge at point P will experience electric force 
due to the capacitor 

b. the potential difference between the plates will be 
3Q!2C 

c. the energy stored in the electric field in the region 
9Q' 

between the plates is 8C 

d. the force on one plate due to the other plate is 
Q2 

21! 8od2 

10. A particle of mass 2 kg and charge I mC is projected 
vertically with a velocity 10 ms-I. There is a uniform 
horizontal electric field of 104 NC- I. Then, 

a. the horizontal range of the particle is 10m 

b. the lime of flight of the particle is 2 s 

c. the maximum height reached is 5 III 

d. the horizontal range of the particle is 0 

11. A thin-walled, spherical conducting shell S of radius R 
is given charge Q. The same amount of charge is also 
placed at its center C. Which of the following statements 
are con'ect? 

a. On the outer surface of S, the t:harge density is 
I Q 
2rrR2' 

b. The electric field is zero at aU points inside S. 

c. At a point just outside S, the electric field is double 
the field at a point just inside S, in the cavity. 

d. At any point inside S (Le., within its cavity), the elec
tric field is inversely proportional to the square of its 
distance from C. 

12. The electric potential at a certain distance from a point 
charge is 600 V and the electric field is 200 NC- I. Which 
of the ~ollowing statements will be true? 

a. The work done in moving a point charge of II-'C from 
the given point to a point at a distance of 9 m will be 
4 x 1O-4J. 

b. The distance of the given point from the _charge is 

3 m. 
c. The potential at a distance of 9 m will be 200 V. 

d. The magnitude of charge is 0.2 x 10-3 C. 

13. An electric charge 2 x 10-8 C is placed at the point (1, 2, 
4). At the point (3, 2, I), the electric 

a. field will increase by a factor K if the space between 
the points is filled with a dielectric of dielectric con
stant K 

b. field will be along y-axis 

c. potential will be 49.9 V 

d. field will have no y-component 

14. The electric potential in a region along the x-axis varies 
with x according to the relation V (x) = 4 + 5x2

• Then, 

a. potential difference between the points x = 1 and 
x=-2is l5V 

b. the force experienced by the above charge will be 
towards +x-axis 

c. a uniform electric field exists in this region along the 
+x-axis 

d. force experienced by a one coulomb charge at x = -1 
m will be ION 

15. The electric potential in the region of space is given by: 
Vex) = A + Bx +Cx2, where V is in volts, x is in 
meters and A, B, C are constants. Then, 

a. E varies linearly with x 
b. the unit of E is newton coulomb- 1 

c. E is in the negative x-direction 

d. the electric fieidE in this region is constant 

16. When a positively charged sphere is brought near a metal
lic sphere, it is observed that a force of attraction exists 
between the two. It means 

a. the metallic sphere may be electrically neutral 

b. the metallic sphere is necessarily negatively charged 

c. nothing can be said about the charge of the metallic 
sphere 

d. the metallic sphere may be negatively charged 

17. A conducting sphere of radius R has a charge. Then, 

a. the charge is uniformly distributed over its surface, if 
there is 110 external electric field 
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Appendix Ai: Miscellaneous Assignments and Archives on Chapters 1-4 A1.19 

b. distribution of charge over its surface will be non
uniform, if an external electric field exists in the space 

c. potential at every point of the sphere must be same 

d. the electric field strength inside the sphere will be 
equal to zero only when no external electric field ex
ists 

18. A, B, and C are three large, parallel conducting plates, 
placed horizontally. A and C arc rightly fixed and earthed 
(Fig. AI. 70). B is given some charge. Under electrostatic 
and gravitational forces, B may be 

a. in equilibrium if it is closer to A than to C 

b. in equilibrium midway between A and C 

c. B can never be in stable equilibrium 

d. in equilibrium if it is closer to C than to A 

A 

I = 
B 

I 

Fig. A1.70 

19. A small conducting sphere of radius a mounted on an in
sulated handle and having a positive charge q is inserted 
through a hole" in the wall of a hollow conducting sphere 
of inner radius b and outer radius c. The hollow sphere 
is supported on an insu lating stand and is initially un
charged. The small sphere is placed at the center of the 
hollow sphere. Neglect any effect of the hole. Which of 
the following statements will be true for this system? 

a. No work will b~ done in carrying a small charge from 
the inner conductor to the outer conductor. 

b. The electric field at a point in the region be!ween the 
spheres at a distance r from the center is equal to 
qj47! sor2. 

c. The electric field at a point outside the hollow sphere 
at a distance I' from the center is q j47! sor2. 

d. The potential of the inner sphere with respect to the 
outer sphere is given by 

V~b = -q- (~ - ~) 
4nso a b 

20. Inside a uniformly charged spherical conductor. the elec
tric 

a. potential is zero everywhere 

b. field is zero everywhere 

c. field has the same magnitude everywhere but it is not 
zero 

d. potential is same everywhere but not zero 

21. Consider two identical charges placed distance 2d apart, 
along x-axis (Fig. AI.71). The equilibrium of a positive 
test charge placed at the point 0 midway between them 
is 

22. 

a. stable for displacements along the x-axis 

b. neutral 

c. unstable for displacement along thc y-axis 

d. stable for displacements along the y-axis 

Q a Q 

--=~:::i-+' , .. - 2d ~, 

Fig. A1.71 

Three concentric conducting spherical shells have radii r. 
2r and 3r and charges Q.I, q2 and Q3, respectively. In
nermost and outermost shells are earthed as shown in 
Fig. AI.n. Select the correct alternatives. 

a. 
q3 

~ 

q, 

C. 
q3 

~ 3 
q, 

3 

q, 

q, 

" 

Fig. A1.72 

-q, 

4 

23. Mark out the correct statements. 

a. A given conducting sphere ean~ot be chllrged to a 
potential greater than a certain vUlue. 

h. A given conducting sphere can be charged to a po-
tentialless than a certain minimum value. 

c. A given conducting sphere can be charged to any 
extent. 

d. None of the above. 

24. For the situation shown in Fig. AI.73 (assume /' > '" 
length of dipole), mark out the correct statement(s). 

~ r ji(Small dipole) 

Q~. ====:;.1-,. 
Fig. A1.73 

a. Force acting on the dipole is zero. 
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25. 

b. Force aC;ing on the di~'Ole is approximately ~ 
. 4Jr8or3 

and is a~tihg upward. 

c. Torque acting on the dip6le is ~ in clockwise 
4Jr8or2 

direction. 
pQ 

d. Torque a~ng on the dipole is in 
4Jreor2 

anti-

clockwise "direction. 

A dipole is placed in x~y plane parallel to the line y = 2x. 
There exists a unifoml electric field along z-axis. Net force 
acting on the dipole will be zero. But it can experience 
some torque. We can show that the direction of this torque 
will be parallel to the line 

a. y=2x+l 
1 

c. y = --x 
2 

b. y = -2x 
1 

d. y=--x+2 
2 

26. A hollow conducting · sphere of inner radius R and outer 
radius 2R is given a charge Q as shown in the figure, then 
the 

A 

" 

"8 

. 
Fig. AI.74 

a . potential at A and B is same 

b. potential at 0 and B is same 

c. potential at 0 and C is same 

d. potential at A, E, C and 0 is same 

27. An insulating spherical shell of uniform surface charge 
density is Cllt into two parts and placed at a distance d 
apart as shown in the Fig. A1.75. - -Ep and EQ denote the electric fields at P and Q respec-
tively. As d (i.e., -P Q) ----+ '00 

•• 
b. 

c. 

d. 

, , , , 

@"'+E0®'" , , , , , , 
,f . . ~ • . d . 

Fig. AI.7S 

- -IE,· I > .lEal -IEp l ~ I EQI -I Ep I < 'IEQ! - -Ep + EQ:='O' .. 

28. A point charge q is placed at origin .. Let E..t, EB and Ee 
be the electric field at three points A (1, 2, 3), B (1, 1, 
-1), and C (2, 2, 2) due to charge q. Then 

a. E..t ..L EB 

b. E..t II EB 
c. IEBI = 41Eel 
d. Eo = 16 (Eel 

29. Two identical parallel plate capacitors are connected in 
one case in parallel and in the other in series. In each case 
the plates of one capacitor are brought closer by a distance 
a and the plates of the other fire moved apart by the same 
distance a. Then 

a. total capacitance of first system increases. 

b. total capacitance of first system decreases. 

c. total capacitance of second system decreases 

d. total capacitance of second system remains constant. 

30. A charge Q is imparted to two identical capacitors in par
allel. Separation of the plates in each capacitor is do. Sud
denly, the first plate of the first capacitor and the second 
plate of the second capacitor starts moving to the left with 
speed v, then 

CQ

· ] 

+ Q - Q +-

Fig. A1.76 

a. charge on the two capacitors as a function of time are 
Q (do - tit) Q (do + vt) 

2do 2do 
h. charge on the two capacitors as a function of time are 

Qdo Qdo 
2(do - vt)' 2(do + tit) 

c. current in the circuit will increases as time passes on. 

d. current in the circuit will be constant. 

31. In the circuit diagram shown, when switch is shifted from 
position 1 to position 2, then 

[L 
EI £2 

Fig. A1.77 

a. extra charge drawn from battery is E2C 

b. extra charge drawn from battery is E I E2C 

c. heat gef!erated in the circuit is ~ EiC 
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I 
d. heat generated in the circuit is 2" ErE2 C 

32. A capacitor of capacitance e is charged to a potential dif
ference Vo. Tne charging battery is disconnected and the 
capacitor is connected to a capacitor of unkno~n capaci
tance ex ' The potential difference across the combination 
is V. after the switch S is closed, then 

C(Vo - V) 
a. ex = v 

I 
b. Final energy stored is 2 e Vo V 

. . . . evo(Vo - V) 
c. Heat generated In the circuit IS 2 

d. Heat generated in the circuit is e~o V 

33. A parallel plate capacitor has a dielectric slab in it. The 
slab just fi lls the space inside the capacitor. The capacitor 
is charged by a battery and then battery is disconnected. 
Now Ihe slab is started to pull out slowly at t = O. If at 
time t, the capacitance of the capacitor is e and potential 
difference between the plates capacitor is V then which 
of the following graphs islare correct 

.~, b~' 
v v 

,be d~C 
34. Two plates of a parallel plate capacitors carry charges q 

and -q and are separated by a distance x from each other. 
The capacitor is connected to a constant voltage source 
Yo. The qistance between the plates is charged to x + dx. 
Then in steady state 

v. 

,...., 
Fig. Al.79 

a. Change in electrostatic energy stored in the capacitor 
-Udx 

is--. 
x 

b. Change in electrostatic energy in the capacitor is 
Ux 

<Ix 
c. Allraction force between the plates is I /2q E. 

d. Auraction force between the plates is q E. (where E 
is electric field between the plates) 

35. A charged particle having {/ positive charge q approaches 
a grounded metallic spheres of radius R with a eonstllnt 
small speed vas shown in the Fig. AI .80. In thi s situation 

Fig. A1.SO 

a. As the charge draws nearer to .the surface of the 
sphere, a curren! flows in to the g[ound. 

b. As the charge draws nearer to 'the surface of the 
sphere, a current fl ows out o( the ground in to thc 
sphere. 

c. As the charged particle draws nenrer, the magnitude 
of currcnt flowing in the connector joining the shell 
to the ground increases-, '- . 

d. As the charged particle draws -nearer, the magnitude 
of current flowing in,-lhe conoectpr joining the sphere 
to the grounci decreaae~... . 

36. A particle with a specific charg.e s"starts from rest in a 
region where the electric field bas (i f:oo!>tant directiOn, but 
whose magnitude increase linearly ,with time. The particle 
acquires a velocity v in Ullle I. . 

a. vocs 
C. VOCI 

Asserticn-Reasoni ng 
Type 

·' b. v<x.JS . 

: d,; ; v <X 12 

.. 
()/Il l jims 01/ /Nlge AI.61 

In the following questions, each question contain.s Statement I 
(Assertion) and Statement II (R;eason). Each question has four 
choices (a), (b), (c) and (d) out of which ONLY ONE is correct 

a. Statement I is True, Statement n is True; Statement 
II is a correct explanation for Statement I. 

b. Statement r is True. Statement II is True; Statement 
II is NOT a correct explanation for Statemenl I. 

c. Statement J is True, Statement II is False. 

d. Statement r is False, Statement II is True. 

1. Sta tement I: An applied electric field wi!! polarize the 
polar dielectric material. 
Statement II: Tn polar dielectrics. each molecule has <I 

pennanent dipole moment b~\ these are randomly oriented 
in the absence of an externally applied electric fi eld. 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



A1.22 P¥ics for IlT-JEE: Electricity and Ma9netism 

2. Statement I: When air between the plates of a paral
lel plate condenser is replaced by an insulating dielectric 
medium, its capacity decrcases. 
Statement II: Electric field intensity between the plates 
with dielcctric in between is reduced. 

3. Statement I: If electric potcntial in certain region is con
stant, then the electric field must be zero in this region. 

- dV Statement II: E = - -I. 
. dl' 

4. Statement I: If a proton and an electron are placed in 
the same uniform electric field, they experience different 
forces. 
Statement II: Electric force on a lest charge is indepen
dent of the mass of the test charge. 

S. Statement I: Positive charge tends to move from high po
tential to low potential. 
Statement II: Positive charge tends to move from high 
electric fi eld intensity to low electric fie ld intensity al
ways. 

6. Statement I: A conducting body is connected to earth, 
hence il is electrically neutral. 
Statement II: The potential of a conducting body con
nccted to earth is zero. 

7. Statement I: For a non-unifonnly charged thin circular 
ring with net charge zero, the electric field at any poim on 
:he axis of ring is zero. 
Statement II: For a non-uniformly charged thin circular 
ring with net charge zero, the electric potential at each 
point on the axis of ring is zero. 

S: Statement I: A uniformly charged disk has a pin hole at 
its center. The elcctric fi eld at the center of the disk is 
zero. 
Statement II: Disk can be supposed to be made up of 
many rings. Also, electlic field at the center of a uniformly 
charged ring is zero. .. 

9. Statement I: In a region where uniform electric field ex
ists, the net charge within volume of any size is zero. 
Statement II: The electric flux within any closed surface 
in region of uniform electric field is zero. 

10. Statemcnt I: Iflhe potential difference across a plane par
allel plate capacitor is doublcd, then the potential energy 
of the capacitor becomes four times under all conditions. 
Statement II: TIle potential energy U stored in the capac-

I 
itor is U = '2CV2, wherc C and V have usual meaning. 

11. Statemcnt I: Total work done by non-unifonn electric 
field on a chaJ:ged particle starting from rest to any time is 
non-negative. (Assume no other forces act on the charged 
particle.) 
Statement II: The angle between electrostatic force and 
velocity of the charged panicle releasedJrom rest 'in nOIl
uniform electric field is always acute. (Assume no other 
forces act on the charged particle.) 

/ 

12. Statement I: Electric lines of force cross each other. 
Statement II: Electric fields at a point superimpose to 
give one resultant electric fi eld. 

13. Statement I: A metallic shield in the fonn of a hollow 
shell may be built to block an electric field. 
Statement II: In a hollow spherical shield, the electric 
fi eld inside it is zero at every point. 

14. Statement I: Ifbob of a simple pendulum is kept in ahor
izontal electric fi eld, its period of oscillation will remain 
same. 
Statement II: If bob is chargcd and kept in horizontal 
elec: tric fi eld, then the time period will be decreased. 

15. Statement I: The potential of a grounded object is taken 
to be zero. 
Statement II: Capacitance of the earth is very large. 

16. Sta tement I: Though large number of free electrons are 
present in a metal, yet there is no CUlTCnl in the absence 
of electric field. 
Sta tement II: In the absence of electric field , electrons 
move randomly in all directions. 

17. Statement I: If the accelerat ing potential of an electron ' 
is doubled, then its velocity becomes 1:4 times. 
Statement II: It will move on a circu lill' path with same 
velocity. 

18. Statement I: The lightning conductor at the top ora high 
buildi ng has sharp pointed ends. 
Statement II: The surface density of charge at sharp ends 
is very high resulti ng in seuing up of electric wind. 

19. Statement I: Electri c field is always direct,ed perpendic-
ular to an equipotential surface. \, 
Statement II: Equipotential surface is a surface on which 
at each point potential is same. 

20. Statement I: A chmgcd body cannot auract another un
charged body. 
Statement II : Oppositely charged bodies attract c:.ach 
other. 

21. St.'ltement I: A charged particle is free to move in an 
electric fi eld. It docs nOI move along an electric line of 
force. 
Statement II: Its initial position decides whether it will 
move along the line of force or not. 

22. Statement I: When a body acquires positive charge, its 
mass decreases. 
Statement II: A body acquires positive charge when it 
loses electrons. 

23. Statement I: A small metal ball is suspended in a uniform 
magnetic fi eld with the help of an insulated thread. When 
a high-energy X -rays beam falls on the ball, then the ball 
will be defl ected in the direction of electric fi eld. 
Statement II: The ball will oscillate in the fi eld. , 
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Appendix Ai: Miscellaneous Assignments and Archives on Chapters 1-4 A1.23 

24. Statement I: Two positively charged conductors are put in 
contact, the common potential will be less than the initial 
value of one of the conductors. 
Statement II : Both conductors will attract each other. 

25. Statement I: A molecule having intrinsic dipole moment 
is called polar molecule. 

Statement II: Center of positive charge does not coincide 
with the negative charge in a polar molecule. 

26. Statement I: Vehicles carrying highl y inflammable rna· 
terials have hanging chains. slightly touching the ground. 
Statement II: The body of a vehicle gets charged when 
moving through air at high speed. 

27. Statement I: A line of force has sudden breaks. 
Statement 11: An electrostatic line of force is a continuous 
curve. 

28. Statement I: A parallel plate capacitor is connected 
across a battery through a key. A dielectric slab of di
electric constant K is introduced between the plates. The 
energy. which is stored. becomes K times. 
Statement II: The plate remains uncharged or it has a 
constant surface charge density. 

29. Statement I : If the distance between parallel plates of a 
capacitor is halved and dielectric constant becomes three 
times. then the capacitance becomes 6 times. 
Statement II: Capacity of the capacitor does not depend 
upon the natu.re of the material. 

30. Statement 1: If three capacitors of capacitances 
C1 < C2 < C3 are connected in parallel and in series, 
then their equivalent capacitance C,I > C s. 

I I I I 
Statement II: -c = -c + - + -c nod 

p I C2 3 
Cs = Ct + C2 + C3. 

31. Statement I: A condenser of capacitance C and charge 
Q is connected to a bauery of potential V. If the battery 
is removed and a dielectric slab is introduced between the 
plates and E is the energy of condenser, then its capaci
tance increases. 
Statement II: On removing the battery connections, the 
potential energy decreases. -

32. Statement I: A number of cap.lcitors are connectcd in 
series with each other. If VJ, V2. V), ... , respectively, 
be the energy stored in them, then total energy stored is 
VI + V2 +U3 + .... 
Statement II : Potential energy is a scalar quantity. 

33. Statement I: When a charged capacitor is filled com· 
pletely with a metallic slab, iis capacity becomes very 
large. 
Statement II The dielectric constant for metals is infinity. 

34. Statement I: The circuits containing capacitor be handled 
cautiously, even when there is no current. 
Statement II: A dielectric differs from an insulator. 

35. Statement I: A metal sphere of radius I cm can hold a 
charge of 1 coulomb. 
Statement II : Electric charge = (Electric potential) x (ca
pacitance). 

36. Statement I: If distance between the parallel plates of a 
capacitor is halved, then its capacitance is doubled. 
Statement II: The capacitance depends upon the intro
duced dielectric constant. 

37. Statement I: If the plmes of parallel capacitor are not 
same in cross-sectional arca, then quantity of chargeon the 
plates will be same but nature of charge will be different. 
Statement II: They will have the same nature of charge. 

38. Statement I: Dielectric polarization means fo rmation of 
positive and negative charges inside the dielectric. 
Statement II : Free electron is formed in this process. 

39. Statement 1: If we introduce a sheet of glass between the 
two plates of a condenser, its potential will decrease. 
Statement II: Charge will remain same. 

40. Statement I: It is not possible to make a spherical capac
itor of capacity one farad. 
Statement II: It is possible for earth as its radius is 
6.4 x 1()6 m. 

41. Statement I: A dipole always lends to align in the direc
tion of electric field. 
Statement II: In this direction, lorque acting on the dipole 
is zero. 

42. Statement I: If the mcdium between two charges is re
placed by another medium of greater dielectric constant, 
then the electric force betweenlhem decreases. 
Statement II: Electric dipole moment varies inversely as 
the dielectric constant. 

43. Statement I: The electric field due to a dipole on its axial 
linc at a distance r is E. Then, electric field due to the same 
dipole on the equalorialline and at the same distance will 

e 
be 2' 
Statement II: Electric field due to dipole varies inversely 
as the square of distance. 

44. Statement I: A charged particle moves perpendicular to 
magnetic field. Its kinetic energy remains constant, but 

. momentum changes. 
Statement II: Force acts perpendicular to velocity of the 
particlc. 

45. Statement I: The magnetic field at the ends of a very long 
currcnt carrying solenoid i$ half of that at the centre. 
Statement II: If the solenoid is sufficiently long, the field 
within il is uniform. 

Comprehension 
Type 

For Problems 1-3 

Solutions 011 page Al.63 

Gauss's Law relates the net flu.?, ¢ of an electric field through 
a closed surface to the net charge q in Ihat is enclosed by that 
surface. 
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A1.24 Physics for IIT-JEE: Electricity and Magnetism 

~ ~ 

BO¢ = qin orBo :F E · dA = qin 
Charge outside the surface no matter how larger or how close 

it may be is not included in the t~rm qin in Gauss law. The 
exact form or location of the charge inside the Gaussian surface 
is also of no concern. The electric field on the left hand side 
of equation, however, is the net electric field resulting from all 
charges, both inside and outside the Gaussian surface. This may 
seem to be inconsistent, but keep in mind that the electric field 
due to a charge outside the Gaussian surface contributes zero net 
,fiux through the surface, because as many field lines due to that 

i charge enter the surface as leave it. 

1. Fig. Al.81 shows five charged lumps of plastic and an 
electrically neutral coin. The cross section of Gaussian 
surface S is indicated. Assuming q] = q4 = +3.1 nC, 
q2 = q5 = -5.9 nC and q3 = -3.1 nC, the net electric 
flux through the surface is 

a. -666 Nm2C-1 

b. +666 Nm2C- 1 

c. - 360 Nm2C- 1 

d. +360 Nm2C- 1 

s 

® ® 
.® 

Fig. A1.81 

2. A charge Q is uniformly distributed over a large plastic 
plate. The electric field at point P close to the center of 
plate is 20 Vm- ]. If the plastic plate is replaced by Alu
minium plate of same geometrical dimensions and carry
ing the same charge Q, the electric field at the point P will 

become 

a. zero 

c. 20 Vm- 1 

b. IOVm- 1 

d. 40 Vm- 1 

3. In an electric field due to a point charge +Q, a spher
ical closed surface is drawn as shown by dotted circle 
(Fig. A 1.82. The electric flux through the surface drawn 
is zero by Gauss Law. A conducting sphere is inserted 
intersecting the previously draw~ Gaussian surface. The 
electric flux through the surface 

a'. still remains zero 

b. is non-zero bl!t positive 

c. is non-zero but negative 

d. becomes infinite 

Q
"'" , ' 

+ Q. : ; , -' 
'- -- ' 

Fig. A1.S2 

For Problems 4-7 
In many systems, equilibrium is possible due to the balancing of 
electric forces by other forces. We shall here consider a system 

which also involves force of buoyancy. A body placed in a fluid 
displaces f1liid and it acts in the upward direction. Consequently, 
effective weight ofthe body is reduced. In Fig. A1.83, two iden
tical helium filled balloons of small size are tied to an object of 
mass 1.1 g with threads of equal lengths, each I m. Each balloon 
carries a charge q that can be assumed as if it were concentrated 
at the center of balloon. The system floats in equilibrium as 
shown. Volume of helium in each balloon, in this situation, is 
V. 'J;he figure also shows that equilibrium separation between 
the balloons is 1.2 m. Helium is now replaced by another gas 
'A' of a densi ty twice that of helium. In this new situation, it is 
observed that volume of gas ' A' in each balloon has to be Vi so 
as to result in equilibrium, under the condition that charge on 
each balloon retains its earlier value. 

............... !.:~.!.n. ...... 

1m 

Fig. AI.83 

Given density of air = 1.3 kgm-3 

density of He = 0.2 kgm-3 , g = 10 ms-2
, and 

weight of unfilled balloon::::: 0 
Now answer the following questions 

4. Volume of He in each balloon so that the system floats in 

equilibrium is 
a. 500 cc b. 800 cc 

c.1125cc d. 375 cc 

5. Tension in each thread when the system is in equilibrium, 
with Helium filled in each balloon, will be 

a. 3.44 x 10-3 N b. 6.88 X 10- 3 N 

c. 8.25 X 10-3 N d. 6.84 X 10- 5 N 

6. Charge on each balloon is nearly 

a. 1.5 IlC 

c. 0.8 f1C 

7. Which of the following is correct? 

b. 1.2 ~C 

d. 0.61lC 

a. In both situations, i.e" with Helium in each balloon 
and then with gas A in each balloon, vertical compo
nent of tension has the same value in {he equilibrium 
condition. This value is 5.5 x 10- 3 N. 

b. In case of He, vertical component of tension is 
5.5 x 10-3 N but with gas A, it is 11 X 10- 3 N. 

c. In case of He, vertical component of tension is 
11 x 10- 3 N but with gas A, it is 5.5 X 10-3 N. 

d. In both cases, vertical component of tension has the 
same value and equal to 2.75 x 10- 3 N. 

For Problems 8-10 
In a certain region, electric field E exists along x-axis which is 
uniform. Given AB = 2./3 m, BC == 4 m. Points A, B. C are in 

x, y plane. 
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Appendix AI; Miscellaneous Assignments and Archives on Chapters 1-4 Al.25 

-- - - - --- -- ---- -- ------~ 
q C 

--- ----~ 

A 1 
. -- - - ,,----- - -- ------~E o 4m 
· - -·2,f)- ----- - -------~ 

60' 
...... . .... . Co.,li'''.- ... + 

B 

Fig. A1.84 

8. Find potential difference V,I ~ V/J between the points A 
and B. 

•. E b.2E c. 3£ d. 4E 

9. Find potential difference Vc - VB between the points C 
and B. 
a. -£ b. -2£ c. 2£ d. 3£ 

10. A charged particle q is moved from A to C as shown in 
path 1. What is the work done by electric field in this 

process? 

a. qE 

c. 2q£ 

b.4qE 

d. 5qE 

For Problems 11-13 
We know that electric field (£) at any point in space can be 
calculated using the relation 

_ 8V A 8V A 8V A 

£ = --, - -j - -k. 
8x 8y 8z 

if we know the variation of potential (V) at that point. Now, let 
electric potential in volt along x -axis varies as V = 2X2, where 
x is in m. Its variation is as shown in Fig. A 1.85. 

V 

-W-, 
Fig. A1.85 

11. Draw the variation of electric field (E) along x -axis. 

E E 

-,,.L-+---+ x 

,. b. 

E E 

V 

- - '1-- --+, - -+\---+, 

d. 

12. A charge particle of mass 10 mg and chargc 2.5 IlC is 
releascd from rest at x = 2 m. Find its velocity when it 

crosscs origin . 

a. 0.5 ms- 1 

c. 2 ms- 1 

b. I ms- I 

d. 4 ms- 1 

13. Wi!! the particle perform a simplcharmonic motion? Also, 
find the time period of its oscillations. 

a. Yes, time pcriod = 211" s 

b. No, time period = 211" s 

c. Yes, time pcriod = 411" S 

d. The particle will perform SHM, but time period can-
not be found from the given data. 

For Problems 14-17 
Consider a system of two equal point charges, each Q = 8 IlC, 
which arc fixed at points (2 m, 0) and (-2 m, 0). Another charge 
q is held at a point (0, 0.1 m) on the Y -axis. Mass of the charge 
q is 91 mg. At t = 0, q is released from rest and it is observed 
to oscillate along Y-axis in a simple harmonic manner. It is also 
observcd that, al t = 0, force experienced by it is 9 x 1O-~ N. 
Now answcr the following questions 

14. Charge q is 

a. - 8 pC 

e, - 5 IlC 

15. Amplitude of Illation is 

a. 10 em 

c. 30 cm 

16. Frequency of oscillation is 

•. 8 b. 10 c. 5 

b. -6.5 ~C 

d. +6.5 IJC 

b. 20 em 

d. 40 cm 

d. 2 

17. Equation of SHM (displaccment froll1ll1can position) can 

be expressed as 

a. y = O. t sin(107!"t) 

b. y=O.l sin(107!"t+1I"/2) 

c. y = O.t sin(S7!"! + 11"/2) 

d. y = 0.2 sin(S7!" f) 

For Problems 18-21 
In a certqin experiment to measure the ratio of charge and mass of 
elementary particles, a surpris~ng result was obtained in which 
two particles moved in such a way that the distance between 
them always remained constant. It was also noticed that this two 
particle system was isolated from all othcr particles and no force 
was acting on this system except the force between these two 
masses. After careful observation followed by intensive calcu
lation, it was deduced that velocity of these two particles was 
always opposite in direction and magnitude of velocity was 103 

ms- I and 2 x 103 ms- l for first and second particle, respec
tively, and masses ofthese particles were 2 x 10- 30 kg and 10- 30 

kg, respectively. Distance between them came out to be 12 A 
(I A = 10- 10 m). ." J,' 

18. Acceleration of thc first particle was 

a. zero _J u. ;.e:: .(; 

.. ~ 
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Al.26 Physics fo r IIT-JEE: Electricity and Magnetism 

19. 

20. 

b. 4 X 1016 ms-2 

c. 2 x 1016 ms-2 

d. 2.5 x 1015 ms-2 

Acceleration of the.second particle was 

a. 5 x 1015 ms-2 b. 4 x 1016 ms-2 

d. zero 

If the first particle is stopped for a moment and then re
leased, the velocity of center of mass of the system just 
after the release will be 

1 
a. - x 10-30 ms- 1 

3 

h. 
1 
- X 103 ms- 1 
3 
2 

c. - X 103 ms- I 
3 

d. none of these 

21. Paths of the two particles were 

a. intersecting sIraight lines 

b. parabolic 

c. circular 

d. straight line w.r.t. each other 

For Problems 22-23 
In the circuit shown in Fig AI.86, initially the switch is opened. 
The switch is closed now. 

Fig. At.86 

22. The charge that will flow in direction' l' is 

( 
e,e, ) 

h. - e EO 
Cl + 2 

a. 

( '~ t:o 
c. -----' -

C1 +C2 
23. The charge that will flow in direction '2' is 

a. 

c. 

For Problems 24-26 

h. ( e,e, ) '0 
CI + C2 

Capacitors C1 = 2IJF and C2 = 3 IJF are connected in series 
to a battery of emf 8 = 120 V, whose midpoint is earthed. The 
wire connecting the capacitors can be earthed through a key K. 
Now, key K is closed. Detennine the charge flowing through the 
sections 1,2 and 3 in the directions indicated in Fig. AI.87. 

24. In the section 1 

a_ -241JC b. - 361JC c. -60 fJC 

I ~ 

25. In the section 2 

a. -241JC h. -36~C c. '-60 flC d. 60 ~C 
26. In the section 3 

a. -241JC h. -36 ~C c. -60 lJe d. 60 ~C 
For Problems 27-28 
A researcher studying the properties of ions in the upper at
mosphere wishes to construct an apparatus with the following 
characteristics: Using an electric field, a beam of ions, each hav
ing charge q, mass m, and initial velocity vi, is turned through an 
angle of 90° as each ion undergoes displacement Rt + RJ. Th~ 
ions enter a chamber as shown in Fig. Al.88 and leave through 
the exit port with the same speed they had when they entered the 
chamber. The electric field acting on the ions is to have constant 
magnitude. 

, 

AYt-- t,~ 
i t 
, R 

.. I 
'---0---+--- .~~ ... x 

, 0 I ...... R-+ 

Fig. A1.88 

27. Suppose the electric field is produced by two concentric 
cylindrical electrode.s not shown in the diagram, and hence 
is radial. What magnitude should the field have? 

mv' 
a. - - centered at A 

2qR 

mv2 

h. -2- centered at 0 
qR 

mv' 
c. - - centered at A 

qR 

mv' 
d. -- centered at 0 

qR 

28. If the field is produced by two flat plates and is unifonn 
in direction, what value should the field have in this case? 

mv2 ~ ~ 
a. 2qR (i + j) 

mv2 
A ~ 

b. 2qR (-i + j) 
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Appendix Al: Miscellaneous Assignments and Archives on Chapters 1-4 Al.27 

2mv
z (~ "') c. -- ,-] 

qR 

2mvZ ~ '\ 
d. - -(-i+]) 

qR 

For Problems 29-31 
Two capacitors of capacities 6 and 3 ).IF are charged to 100 and 
50 V separately and connected as shown (Fig. AI.S9). Now. all 
the three switches SI , Sz, and S3 are closed. 

r6"~~"lF4 
lOGY S2 SOY 

S1 S) 

~~ 
200 V 

Fig. A1.89 

29. Which plate(s) form an isolated system? 

a. Plate 1 and plate 4 separately 

b. Plate 2 and plate 3 separately 

c. Plate 1 and plate 4 jointly 

d. Plate 2 and plate 3 jointly 

30. Charges on 6 and 3 IlF capacitors in steady state will be 

a. 400 IlC, 400 IlC b. 700 )lC, 250 IlC 

c. SOD IlC, 350 IlC d. 300 )lC, 450)lC 

31. Supposeq], qz, andq3 be the magnitudes of charges flown 
from switches SI> S2, and S3 after they are closed. Then, 

a. q]=q3andqz = 0 
q2 

b. ql=q3="2 

C. q] = q3 = 3q2 

d. ql = q2=q3 

For Problems 32-35 
A and B are two capacitors having air as the dielectric medium 
between the plates. They have the same separation between the 
plates but the area of plates of A is twice that of B. A and B are 
connected in series with a 12 V dc supply as shown in Fig. A1.90. 

Fig. A1.90 

Without removing the battery, a dielectric material (K = 6) is 
uniformly filled between the plates of capacitor B: The dimen
sions of dielectric are just enough to completely fill the space 

between the plates of B. As a reSUlt, electric energy stored in 
the two capacitors changes by 1.2 x 10- 4 J. The capacitors are 
now disconnected from the battery and also from each other and 
the dielectric (K = 6) that had been filled between the plates of 
B is also removed. 

Consider now the following two situations: 
i. The capacitors are combined such that positive plate of A is 
connected to negative plate of B and vice versa. 

A 
, ___ 'j ~c __ _ 

, , , , , , , , , 
:----,jl+---

B 

Fig. A1.91 

ii. The capacitors are combined such that positive plate of A is 
connected to the positive plate of B and negative plate of A is 
connected to negative plate of B. 

\ 
A 

, ___ ' j ~o ___ : 
, , , , , , , , 
L ___ ojl_-__ __ ! 

B 

Fig. Al.92 

Now answer the following questions 

32. Initially, A and B, with air as the dielectric between the 
plates of both capacitors, are connected in series with 12 
V supply. As described above, dielectric (K = 6) is then 
inserted between the plates of B. Consequently, electric 
energy stored in capacitor B 

a. reduces by 10- 5 J 

b. increases by 2 x 10- 5 J 

c. reduces by 2 x 10-5 J 

d. increases by 10-5 J . 

33. Work done in removing the dielectric from capacitor B is 

a. 3.4 x 10-4 J b. 2.7 X 10-4 J 

C. I.S X 10-4 J d. zero 

34. In situation (i), final value of electric energy stored by the 
capacitor is 

a. 4.3 x 10- 4 J b. 5.6 X 10-4 J 

c. 3.2 X 10- 4 J d. zero 

35. In situation (ii), final value of electric energy stored by the 
capacitors is 

• 
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Al.28 Physics for IIT-JEE: Electricity and Magnetism 

a. 4.3 x 10-4 J 
c. 2.6 X 10-4 J 

For Problems 36-38 

b. 7.3 X 10-4 J 

d. zero 

An isolated parallel plate capacitor consists of two metal plates 
of area A and separation d. A slab of thickness t and dielectric 
constant K = 2 is inserted between the plates with its faces 
parallel to the plates and having the same surface area as that of 
plates as shown (Fig. A 1.93) 

+-d_ 

++-> 

Fig. Al.93 

36. The capacitance of the system is 

BoA 

c. 
BoA 

d - t 

I 

BOA 
d. d +t 

.37. For what value of tid, will the capacitance of system be 

(~) times.lh.at of the capacitance with air filing the full 

space? 

2 3 •• - b • 
3 2 

1 
c. 1 d. :3 

38. The ratio of energy in first case (with air) and second case 
(with dielectric) will be 

2 
•• 3 

c. 

For Problems 39-43 

3 
b. 2 

1 
d. :3 

A point charge ql is placed inside the Cavity 1 and another point 
charge q2 is inside Cavity 2. A point charge q is placed outside 
the conductor. 
For the situation described above, answer the following ques
tions 

39. The charge on outer surface of the conductor would be 

a. Q + ql + q2 and non-uniformly distributed. 

b. Q + ql + q2 and its uniform or non-uniform distri_ 
bution depends upon locations of ql and q2. 

c. Q + ql + q2 and would be distributed uniformly. 

d. Q + ql + q2 and the distribution depends upon the 
locations of ql, q2 and q. 

Closed conducting 
surface having charge Q 

c;v, o Cavity I 

" ' ®Q " 
, 2 Cavity 2~, 

. .i .:,.-

Fig. A1.94 

-

.q 

40. If q! is at the center of Cavity 1, then E at a point S, at a 
distant r from center of Cavity 1 (r > rl), due to induced 
charge on the surface of Cavity I is 

a. ~ away from center of Cavity 1 
41l' Bor 

b. ~ away from center of Cavity 1 
41l' BOr 1 

c. zero 

d. ~ towards center of Cavity 1 
41l' 80r 

41. E inside the conductor at point S, distant r from point 
charge q, due to charge on outer surface of the conductor 
would be 

Q+ql+q2 
a. 2 away from charge q 

41l' 80r 

b. ~ towards charge q 
41l' 80r 

c. zero 

d. cannot be determined -42. If charge q2 is at point Q (inside Cavity 2), then E at the 
center of Cavity 2 due to induced charge on the surface of 
Cavity 2 would be 

_--,-Q2'--,. a. '2 towards q2 
41l' eo' 2 

b. q2 '2 away from q2 
41l' eor2 

c. zero 

'd. c;mnot be detennined 

43,. If the potential of the conductor is Vo and charge q2 is 
placed 'at center of Cavity 2, then potential at point Q is 

a. ~+Vo 
41l'eor~ 

b • ...!!2... (..!.. + ..!..) + Vo 
41l' 80 r~ r2 

c . ...!!2... (~ - ..!..) + Vo 
41l'80 r~ r2 

d. Vo 

For Problems 44-47 
Four concentric hollow spheres of radii R, 2R, 3R, and 4R are 
given the charges as shown in Fig. A1.95. Then, the conductors 
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Appendix A1: Miscellaneous Assignments and Archives on Chapters 1-4 A1.29 

1 and 3, 2 and 4 are connected by conducting wires (both the 
connections are made at the same time). 

Fig. Al.95 

44. The charge on inner surface of 3rd conductor is 

a. -6Q/5 

c. -2Q 

45. The charge on 4lh conductor is 

22 Q 
a. +-5-

c. 
llQ 

3 
46. The potential of conductor 1 is 

. 3Q 
a. ",--c"'--;; 

40 7rE:oR 

c. 
3Q 

40 7r E:oR 

47. The potential of conductor 2 is 

Q a. ----
8Jl' t oR 

Q 
c. ""--=o~ 

327r toR 

For Problems 48-51 

b. 6Q/5 

d. +2Q 

llQ 
b. +-3-

d. 
22Q 

5 

b. 
19Q 

407rE:OR 

d. 
19Q 

407rE:oR 

b. 
Q 

8Jl' ~oR 

d. 
Q 

32Jr eoR 

Some cell walls in the human body have a layer of negative 
charge on the inside surface and a layer of positive charge of 
equal magnitude on the outside surface. Consider one such cell 
having the thickness of cell wall 10-10 m. The charge densities 
on the walls are --a and +<T Cm- 2, respectively, and the relative 
pennittivity of the cell wall material is 5. Take volume based on 
above information, answer the fol1o~ing questions. ' 

48. ' Which wall is at a higher potential? 

a. Inner 

b. Outer 

c. Both are at the same potential 

d. Cannot be determined from the given information 

49. Detennine the electric field intensity in between the cell 
walls. 

a. ~ NC-! 
5eo 

b. ~CNC-! 
2eo 

/ 

c. ~ x 1O-~ NC-! 
5eo 

d. ~ x 10-3 NC-! 
280 

50. The potential difference between inside and outside walls 
of the cell is 

a. ~ x 10- 5 V 
5eo 

b. ~ x 1O-5 y 
2eo 

c. ~ x lO-1O y 
5eo 

d. ~ x lO- lO y 
2eo 

51. The energy stored in the cell wall is , 
a. ~ x lO-5J 

5eo 

, 
b. 5!.- X 1O-1~ J 

2eo 

a' c. - x lO-16 J 
2eo 

2 
d. ~ X 10-16 J 

eo 

For Problems 52-53 
Fig. A1.96 shows a parallel plate capacitor with plate area A 
and plate separation d. A potential difference is being applied 
between the plates. The battery is then disconnected. and a di
electric slab of dielectric constant K is placed in between the 
plates of the capacitor as shown. 

1+ + + + + + + ~ t-n-l 
1_ " _II' ! 
1 f-_n __ 

Fig. A1.96 

Now, answer the following questions based on above infonna
tion. 

52. The electric field in the gaps between the plates and the 
dieler-tric slab will be 

a .... .;AV b V. 
• d • d c. 

KV 
d 

53. The electric field in the dielectric slab is 
V KV V 

a.- b.- c.-
Kd d d 

For Problems 54-55 

V 
d. 

d-/ 

KV 
d. 

/ 

A parallel plate capacitor is connected to a battery as shown in 
Fig. AI.97. A thin conducting plate is inserted mid way between 
the two plates. Takes plate area as A. 

Fig. A1.97 

54. What is the capacitance of the system after the plate is 
inserted? 
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A1.30 Physics for IIT-JEE: Electricity and Magnetism 

<,A 
•. d 

b. EoA 
2d 

2EOA 
c. d 

d. cannot say anything 

;55. If the thin plate and upper plate are shortened, the extra 
charge flown through the battery is . 

2EoAV 
•. d 

EoAV 
c. d 

b. zero 

d. EoAV 
2d 

For Problems 56-58 
1\\10 plates of a parallel plate capacitors are connected to a battery 
as shown in Fig. A1.98. The separation between the plates is 
increased from x to x + dx (very slowly). Take plate area as A . 

Fig. Al.98 

56. What is the change in electrostatic energy stored in the 
capacitor? 

EoAV2 dx 
•. - - 2- X x' 

toA y 2dx 
b. 2.x2 

c. 
toAy2 

2x 
d. remains constant 

57. The charge flown out from positive terminal of battery 
and work done by battery is [during the process] 

58. 

•• 
Eo A V dx eoA V 2dx 

x2 x 2 

eoAVdx toAV2dx 
b. 2' x 

c. 
£oAVdx 

x2 x 2 

eoAVdx toAV2dx 

d. "2 x 2 

Work done by external agent is 

,<",OAe-V,,'-=d:::.x .. , 
x 

EoA V 2 dx 
b. --- x-

2 x' 
6o AV2 dx 

c. - -x-, 
2 x , 

- -... - ~~ . 

d. cannot be calculated as force with which the plates 
have been pulled is not given 

• 
p • d 

Fig. A1.99 

For Problems 59-61 
A simple electric dipole consists of a positive and negative 
charge of equal magnitude held very close to one another. 1be 
components of the electric field pointing away from a dipole 

has magnitude E = 2kp ;30S (} , where d is the distance from the 

center of the dipole t'o the point in question, K = 9.0 X 109 

Nm2C- 2 is a universal constant and q is the magnitude of the 
dipole moment vector, which specifies the strength and direc
tion of the dipole. Here, 9 denotes the angle between the dipole 
moment vector and d, the displacement vector (from the dipole 
to the point in question). 
A student performs an experiment to determine if a mystery · 
object is an electric dipole. (The mystery object is only a few 
millimeters long.) Using a sophisticated instrument, me student 
measures the component of the electric field pointing away from 
the object, at various distances from the center of the object. By 
taking each measurement along an imaginary line emanating 
outward from the center of mystery object. he ensures that "6" 
stays the same throughout the experiment. Table A 1.1 shows the 
electric field he found at various distances . 

ThbleA1.1 

59. From the given information, can we calculate the elec
trostatic force that would act on a point charge q = 25 
X 10- 1, held at the location where the student measured 
the electric field in trial 21 

... 'lkpoosO . 
a. res. because we c;an .use. E = r ) wuh r = 

O.02 m. 
b. Yes, because we kn6w the electric field at the relevant 

point. 

c. No, because the formula F = k
q

!2
q2 

does not apply, , 
and we do not know the dipole moment. 

d. No, because even though F = kQ12qZ applies, we do , 
not know the dipole moment. 

60. Which of the following graph best expresses how the eiec.
tric fi eld measured by the student varies with distance ~rom 
the mystery object? 
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Appendix Al: MisceLLaneous Assignments and Archives on Chapters 1-4 Al.31 

i 

distance ---Jo .. 

Distance -----+
<. 

Distance -----.. 

b . 

Distance -----+ 
d. 

61. Consider the electric field produced by a dipole. If the 
dipole moment and the distance from the dipole are both 
doubled, while () is kept the same, the electric field compo
nent pointing away from the dipole decreases by a factor 
of 

a. 2 b. 4 c. 8 d. I 

For Problems 62-63 
The electric field in a certain region of -space obeys Ey =1= 0, 

BE BE BE 
Ex = E; = 0 and - " 0, - ~ - ~ 0 

ax By 8z 
62. The net force on an electric dipole oriented parallel to the 

x-axis in this field is 
a. directed along the x-axis 

h. directed along the y-axis 

c. directed along the ,,>axis 

d. none of the above 

63. The net torque on an electric dipole parallel to the x-axis 
in this field is 

a. directed along the x-axis 

b. directed along the y-axis 

c. directed along the z-axis 

d. n0ne of the above 

For Problems 64-65 
An electric dipole of length 2 cm is placed with its axis making 
an angle of 60" to a uniform electric field of 105 NC- 1. If it 
experiences a torque of 8v'3 Nm, calculate the' 

64. magnitude of charge on the dipole. 

a.4mC b. 6mC c. 8mC d. 12mC 

65. potential energy of the dipole. 

a. -8J b. 6J c. -12J d. 81 

For Problems 66--67 
Refer the quadrupole distribution shown in Fig. AI.IOO for I' > 
a and answer the following questions. 

66. Electric field at point P is 

3 3 qa2 
b. - - -

4 neor4 

" q 

5 qa2 
c - - 
• 2 nEor4 

- 2q q 

Fig. A1.100 

67. Electric potential at point P is 

3 qa2 

a. "2 neor3 

qa2 

c. 2neor3 

For Problems 68-71 

p 

5 qa2 

b. "2 neor3 

2q a2 

d. 3 
neor 

Fig. A 1.1 0 1 shows an electric dipole in a unifonn electric field 
with magnitude 5.0 x 105 NC- 1 directed parallel to the plane 
of the figure. The charges are ±1.6 x 10- 19 C; both lie in the 
plane and are separated by 0.125 nm :::::: 0.125 X 10-9 m. (Both 
the charge magnitude and distance are typical of molecular q uan-

tities.) (see that: sin 37° :::::: ~, cos 37° = ~) 

• 
E 37" 

- -q • 
Fig. A1.101 

68. Find the net force exerted by the field on the dipole. 

a. zero 

c. qE 
b. 2qE 

d. v'2qE 

69. Find the magnitude and direction of the electric dipole 
moment. 

a. 2 x 10-29 C m from positive to negative charge. 

b. 2 x 10- 29 C m from negative to positive charge. 

c. 4 x 10- 29 C m from positive to negative charge. 

d. 4 x 10-29 C m from negative to positive charge. 

70. Find the magnitude and direction of torque by us. 

a. 6.0 x 10-24 N-m out of the page 

b. 6.0 x 10-24 N-m into the page 

c. 3.0 x 10-24 N-m out of the page 

d. 3.0 x 10- 24 N-m into the page 

71. Find the potential energy of the system in the position 
shown. 

a. 3 X 10-24 J b. 5 X 10-24 J 

c. 8 X 10- 24 J 

For Problems 72-73 

d. 4 X 10-24 J 

A positive point charge q is fixed at origin. A dipole with a dipole 
moment p is placed along the x-axis far away from the origin 
with p pointing along positive x-axis. 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



A1.32 Physics for IIT-JEE: Electricity and Magnetism 

72. Find the kinetic energy of the dipole when it reaches a 
distance d from the origin. 

3 pq 3 pq 
a. 

4nso d2 
b. 

2n EO df 
1 pq 1 pq 

c. ---- d. 
4nso ell 2nso d 2 

73. Find thc force experienced by the charge q at this moment. 

pq 
a. 4neo el2 

For Problt:ms 74-75 

I'q b. --
21reo d 2 

..fi pq 
d. 

neD d 2 

(lIT-.JEE,2003) 

A large sheet carries uniform surface eharg~ density a. A rod of 
length 21 has a linear charge density I on one half and - I on the 
other half. The rod is hinged at mid point 0 and makes an angle 
e with the normal to the sheet. 

, , 

r-~< , 
, , , 

-< , a 
Fig. A1.102 

74. What is the net force experienced by the rod? 

aAI aAI 
a. - b. 

2'0 '0 

c. zero d. none of these 

75. The torque experienced by the rod is 

(jAll 
a. -- cose 

2'0 
(j Al 2 

c. -2 cos (J 
'0 

For Problems 76-78 

(j All sill e 
b. =0-='" 

2'0 

Three metallic plates out of which middle is given charge Q as 
shown in Figure given below. The outer plates can be earthed 
with the help of switches SI and S2. The area of each plates is 

same. 

3d 

S, 

Answer the following question based on the following passage. 

76. The charge appearing on the Ollter surface of extreme left 
plate is 

a. -CQ/2) b. CQ/2) c. Q d. -Q 

77. The eharge that will flow to earth when only switch SI is 
connected to carth is 

". -CQ/2) b. CQ/2) c. Q d. -Q 

78. The charge that will flow to earth through S2 when both 
the switches 51 and S2 are grounded simultaneously is 

a. Q b. - Q 

For Problems 79-81 

Q d. 
4 

Three concentric spherical conductors A, Band C of radii R, 
2R and 4R respectively. A and C is shorted and B is uniformly 
charged (charge +Q). 

c 

Fig. A1.103 

79. Charge on conductor A is 

a. Q/3 

80. Potential at A is 

Q •• 4JteoR 
Q 

c. ",c"'--, 
20rreoR 

81. Potential at B is 

Q •• 4rreoR 

Q 
c. ="'--= 48rreoR 

For Problems 82-84 

b. -Q/3 c. 2Q/3 d. 

Q 
b. 7"7"'-~ 

16JteoR 
5Q 

d. 
48JtsoR 

Q 
b. .,.,.-'''-0 

16JteoR 
5Q 

d. 
48rrsoR 

2Q 
3 

Two capacitors of capacity 6 /-IF and 3 flF are charged to 100 
V and 50 V separately and connccted as shown in Fig. A 1.1 04. 
Now .all the three switches 51, S2 and S3 are closed. 

~"k~"~ 
\100 V S2 50 V \ 

IS' IS' 
L. _-II f-I ---'. 

200V 

Fig. Al.l04 

82. Which plate(s) form an isolated system 

a. plate I and plate 4 separately. 

b. plate 2 and plate 3 separately. 

c. plate I and plaie 4 jointly 

d. plate 2 and plate 3 jointly. 

83. ChHrges on 6 I-lF and 3 flF capacitors in steady state will 

be 
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Appendix Al: Miscellaneous Assignments and Archives on Chapters 1-4 Al.33 

84. 

a. 400 ~C, 400!.lC 

c. gOO ~C, 350 j.lC 

b. 7OO !JC, 250 j.lC 

d. 300 " C. 450 "C 

Suppose ql, qz and q3 be the magnitudes of charges flown 
from switches Sio S2 and S3 after they are closed. Then 

a. ql = (f ) and q2 = 0 
q, 

b. ql = q) = "2 
. C. q l = q) = 3qz 

d. ql = qz = q3 

For Problems 85-87 
Most capacitors have {/ non-conducting matelial between their 
conducting plales. Placing a solid dielectric between the plates 
of cnpncitor serves fo llowing three fu nctions: 

I. It solves the problems of maintaining two large metal sheets 
at a very small separation without actual contact. 

il. It increases the maximum possible potential difference which 
cun be applied between the plates of capacitor without the 
dielectric breakdown. 

III. It increases the capacity of the capacitor. When a dielectric 
mate ria l is inserted between the plates (keeping the·charge to 
be constant) the electric field and hence potential difference 
decreases by a factor K. Electric fi eld decreases because an 
induced charge of the opposite sign appears on each surface 
of dielectric. 

8S. Two metal plates having charges Q and - Q face each 
other at some separation and are dipped into an o il ·tank. 
If all oil is pumped out, the electric field between the plates 
will be 

a. increa·sed b. decreased 

c. remain same d. become zero 

86. A dielectric slab is inserted between the plates of an iso
lated charged capacitor. Which of the following quantities 
will remain same. 

a. the electric field in the capacitor 

h. the charge on capacitor 

c. the potential difference between the plates 

d. stored energy in the capacitor 

87. In a paralle l plate capacitor, the region between the plates 
is filled by a dielectric slab. The capacitor is connected to 
a cell and the slab is taken Oll! then, 

a. some charge is drawn from cell. 

b. some charge is returned to the cell. 

c. the potential difference across the capacitor is reo 
duced. 

d. no work is done by an external agent in taking the 
slab oul. 

For Problems 88-90 
In Fig. Al.IOS iliA = IIIB = I kg 
Bl ock A is neutral while block B carries charge - I C. Sizes 
of A and B arc negligible. Block B is released from rest at a 
distance 1.8 m fro m A. Initially spring is ne ither compressed or 
stretched. 

--+ E=ION. 
C 

B 
k - 18 Nlm 

x - 1.8m 

Fig. A1.tOS 

88. In collision, between A and B is perfectly inelastic, what 
is the velocity of combined mass just after collision. 

a. 6m/s b.3 m/s c.9m1s d. 12m/s 

89. Equilibrium position of the combined mass is at 
x 

a. 

___ m. 

2 

9 
b. 

3 
c. 

5 

9 
d. 

7 

9 

90. The amplitude of oscillation of the combined mass will 
be 

2 
a. 3m 

J124 
b. -3- m 

.;n 
c. - 9- m d . ./106 m 

9 

Matching 
Column Type 

. , N~J" jt;, ~:.; ., 

SolutionsonpageAl.73 ~ . - . } 

1. A conducting shell of inner radius RI and outer radius R2 
is given a charge +Q. A point chargeql is placed inside the 
shell and q2 is placed outside the shell. Then, for various 
locations of ql and qz match the entries of Column I with 
the entries of Column II . 

Column] 

i. If q] is at center and q'J, = 0, then 
~ . 
E at center of. shell due to charge . 
on outer surface' ~f shell is . 

Column 11 
q, •. -

','. 4?1""sor2,' 
'j{" f' .";"/ . ' .. ' .,' 

ii. Ifq ] is not at center andq{ is at I b , ql " 
..... ~ . 4"£0(' .. R,)2 

distance, from the tenter, then E 
at the inner surface of shelr(at a . . "" 
point closest t~ q'J,) due to charge 1 

on outer surface of snell is . i J! 

iii. If q] is at center and q2 is at dis~ ' . ~ 

tance ' from the center, then E at 
a point distant r2 (> r) from the ! .. , 

:"J, 
center of shell due to outer sur· 
face charge is 

iv. If ql is not at center and'Q2 = 0; . ~ 

then E at point P (P is at a ~is~, 
tanee r from q,) due to charge of 
inner surface of shell is 

d. canno't be}e:: 
' terinin~,1 .' .. 

:;.,-., 
• If. 

• 
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." 

I 

p. 

Fig. Al .l06 

2. Forthe situation shown in Fig. A 1.107, match the entries 
of Column I with entries of Column II. 

ColUJW:l I ., , , '" Column II , 

i. If we displace the inside a. distribution of charge on 
charge, . inner surface of conduc-

i, 
tor is unifonn. , 

jj. ,Jf.wS; disRlace, m~ outsi.~eI' 1 b. distribution of 9harge on' 
charge keeping the inside iMer surface of condu,c-
charge at center, tor is non-unifonn. 

W. If bOih 'tjte' charges "" c. distribution of charge on 
displaced. \. outer surface of conduc-,. 

tor is unifonn. 
" 

,. 
iv. If outside charge is not d . distribuuon of charge on 

present and inside charge outer surface of conduc-
is at center, tor is non~p.l!ifonn;,\\y, " 

___ __ ___ __ . 
, 

Fig. A1.l07 

3. 

Colu~I Column II 

i. When a dielectric 'slab is.g~ad~ a. the electric'potential 
.: ually inserted ' between' the energy brthe system 

plateS of an .isolated parallel 'J decreases. 
· " plate capacitor, . 

ii. Wh~n a dielectric ~1~~ is grad- I?-' work d1?ne by exter-, 
ually inserted between the . J;lal agent is positive. 

· plates of a parallel pl.ate ca-
pacitor and its potential is kept 
constant, ,'.. .'. . 

IU. When the plates of a parallel c. work done by bat-
, plate capacitor are pulled apart I~ry is J.?OSitive. , keeping its potential constant, 

" iv. When the plates of a paraI- d. work dqne by exter-
, • J ' . , • 

nal agent · lei pll,lte capacItor are.pl. lIed is nega-
apart, keeping its. charge con- tive . . 
stant, 

4. A capacitor of capacitance C is charged to a potential V. 
Now, it is connected to a battery of emf E as shown in 
Fig. AI. IOS. Based on this infonnation, match the entries 
of Column I with entries of Column II in the following 
Table. 

E 

Fig. AI.I08 

Column I Column II 

i. If V _ E,then B. charge flows in the ~ir-
cuit. , 

· ii. If V > E,then b. no charge flows in the 
circuit. 

) iii. If V < E. then '!' c. non-uro thermal en- ' 
ergy will be dissipated 
in the circuit. 

iv: If the plates of· capaci- d. outer surfaces of the ' 
tor are shorted; then plates of capacitor 

have uro charge. 

5. In Fig. A1.109, the separation between the plates of C I is 
slowly increased to double o f its initial value. Now, match 
the entries in columns I and II. 

e l C2 

'"~~ 
v 

Fig. AI,I09 

Column I Column II 

i. The potential differ- a . increases 
ence across C I 

ii. The potential differ- b. decreases 
ence across C2 

iii. The energy stored in c. increases by a factor of 
C, 6/5 

iv. The energy stor¢ in d. de<:reases by a factorof 
C, 18125 

6. Two point charges of 1O- 8 C and _1O-8 C are placed 
0.1 m apart (Fig. A 1.11 0). Match the electric field in
tensity for points in Column I with corresponding values 
in Column II. 
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Appendix Al : Miscellaneous Assignments and Archives on Chapters 1-4 Al.35 

Column I . Column II , lI' 

I. To~al electric field in- 8.3,2 x 104 NC 1 along 
tensity at point P AQ ,-

ii. Total electric fi\!ld in- b. 7.2'x· 10' NC 1 along 
tensity at point Q PB 

Iii. Total electric field in- c.4000 NC I 

tensity at point R 

Iv. Electric, field intensity d: 9 x I<PNC 1 

7. 

" point Q due to 
charge at B. 

, 

A' 

R C , , , , , 
! ,0. 1 m , . , . , , , , 

+lO-sC/ \ _IO-SC . ------. ------.-------. 
Q A P B 

I ~ O.OS m _I~ O.OS ,m t l ~ O.OS m tl 

Fig, AI,1l0 

Column] ',' Column II " 
I" 1; 'Spherical charged con- a. At the surface, electric ' 

,ductor J' , 
" , fi eld is continuous and , Ii" •. , .. 'JJ ':-f, .. ,".' maximum . " ·!r. 

, 11; Spherica.J'l ~; nbn~ D. ~t the' surface, elecdic 
conduc~j Having' .. ,/ field 'is disconfirilioifs: 
unifonn I. J volume . 
distribution of charge 

iii; Charged riog c. Electric fie ld ;s uni-
fonn. 

Iv. Infinite sheet of charge' d. At the center, electric 
field is ~ero. 

8. 

Column] . Column JJ 

i. Infinite sheet of charge ~. unifonn non-zero elec-
, " , tric field intensity 

ii. At the center of unt- b. uniform decreasing 
fonnly charged solid potential 
sphere 

iii. Due to infinite line c. infinite potential ev- . 
charge assuming po- erywhere 
tential to be zero at in- . 
finity 

·Iv. Inside a charged con- d.maximum magnitude 
ducting sphere of potential 

9. A solid conducting sphere of radius a is placed inside a 
conducting shell of radius b so that both are concentric. 
Now, the shell is given a charge Q. Match the following: 

Column I Column II 

i. Charge appearing On the inner a. zero 
sphere 

ii. Charge appearing on the inner b. Q 
sphere after it is.earthed .. , 

iii. Electric field intensity (E ) inside c. Qalb , 
the inner sphere (before earthing) 

iv. Electric field intensity (E) inside 
1 Q 

d,--
the inner sphere after it· is earthed 4rrso ab 

10. In the following table, Column J gives certain situations 
involving two thin conducting shells connected by a con~ 

ducling wire via a key K . 1n all situations, one sphere has 
net charge +q and other sphere has no net charge. After 
the key K is pressed, Column II gives some resulting ef
fect. Match the figures in Column I with the statements in 
Column II. 

Column I Column II 

• . Initiallyno net chargc 
a. Charge Hows through the 

I, +q ~ 01' .' connecting wire. , ' , 
Shell I , 

Shell II 

Initially no net charge 

"ry-o 
, 

b. Potential energy of system 
of spheres decreases. 

Shell I - ShelllJ --- -, 

III, / +q , 

~ c. No heat is produced. 

Shell I 

Shell II 

Initially no net charge 

Iv. +< , 

'V - d, Sphere . ~ has ,no charge 
T after equilibrium is 

.. Stiell l reached. . t.. ' 
, , - ."<' ' '~ 

ShclllI ., , 

11. Capacitors with capacitances C, 2C, 3C and ,4C are 
charged to the voltages V, 2 V , 3 V, and 4 V respectively. 
Circuit is closed. Now match the following. (Assume volt
ages across capacitors in equilibrium are VI> V2 . V1 and 
V4, respectively.) 
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Al.36 Physics for IIT-JEE: Electricity and Magnetism 

C, V 

rl 1.1· -_/ ~'C, 
) T+'v 
l±.4C,4V \ 

"E/ +1 f=-l 

Coil!mn I 

3C,3V 

Fig. At.lll 

Co~umn II 

12. Fig. AI.112(a) A shows a uniformly charged ring of radius 
R. Its axis is along the X -axis and the ring is in the yz 
plane. Point P can be anywhere on the X -axis and pi in 
the XY plane. 

y 

(,) 

y 

(b) 

y 

.f" 
----- __ +x 

p 

-y 

(e) 

Fig, AI,Il2 

Fig. Al.i 12(b) shows a uniformly charged disk of radius 
R. Its axis is along the X-axis and the disk IS in the YZ 
plane. Point P can be anywhere on the X -axis and p' in 
the XY plane. 
Fig. Al.1l2(c) shows an infinite line charged uniformly, 
placed along y-axis. P is a point on X -axis and pi in the 
XY plane. 
Ex. By. and Ez are the components of electric field along 
X-, Yo, and z-axis and Ep and Epl are net electric fields at 
P, and P' , respectively. 
Now, match the following columns. 

Column I !' Column II , 

i, Ex'= 0, Ey,= 0 .. ' a. Point pl .in fig~re (~) , :;;, , 'J\.:;' ';'. , ,.' 
E, = 0 ( : :'" , ',j , , , , . i_1'1 

, ' 

ii. Ex_¢.' 0, Ey = 0, . b. Point P" in fi~ure (b) _ )('f 

E, =0 , " "'(''-, , 
" 

iii. E, '" 0, E, '" 0, ' c,. Point P in figure (c) 
. 

, " -<_yi' , 
E, =0 , , "', ' "" ;'1 

. iv. Ep= Ep' d~ 
, ; d . Point P in figures (a) an.d (b). -

13. An electric dipole is placed in a uniform external elec
tric field. f) is the angle between the dipole moment and 
the field direction. In general, the dipole rotates under a 
torque. With reference to the behaviour of the dipole in 
an electric field, match Column I with Column II. -

Column I 
" 

Column II 

i. Potential energy of the dipole is a. conserved 
maximum · 

, 
, ,,',j 

ii. Angular 'acceleration of the ,. ~', npt 'conserved ," ' , 
dipole is maXimum •• ., , 

iii. Angularmomentumoftlie dipole c,O = 180" 

iv. Kinetic energy of"the dipole d.O=90" 
~ 

14. In each situation of Column I, two electric dipoles having 

dipole moments PI and P2 of same magnitude (that is 
PI = P2) are placed on x -axis symmetrically about origin 
in different orientations as shown. In Column II, certain 
inferences are drawn for these two dipoles. Then, match 
the different orientations of dipoles in Column I with the 
corresponding results in Column-II. 

Column t . ';<1 1, 'I Column II;, 
y , 

'" '~; 
:., 

-+--t----'+--+x 
J (- a,O) '.' '; (a,O) -" 

I.(jil and]J./ are perpe~dicular to 
' x~axis as shown) 

'~; PI 

!!; ,,~. - 1<: "'i,<r1<i."J" 
a. Th(}}C?~qU~ . on 09,7 

dipole due' to otller 
is zero. 

!I } _ :,r!. ::£(~{ _ ,J~" 

" '-';~") -I" 
b. The potential' en
; ,~~~ergy ' 6-( orie\ 'dipqle 

,x · ".in , electric··fi~ld . oJ -
;;' (-:-a~O) ','" ,'; (a ,O) f:: · otQer/dipole <~s~neg~ 

11. (;; andfii '~pC~dic~laflo - alive. "':'I',:;:.~d(:~: "'.~ 
x-axis,' as shown) -' , " 

';", ,) 

~, ',.' ? ' ~, 
'._ .1.'1 'il - -

P! P2 ' c. There is one s~aight 
--... -t--.... -+x · -line in {- x":Y' plane 

.. 

(~ a,O) ;q (d,O) 

IU. <P1 andh are parallel to 
x-axis 'as shown) 

(not at infinity) 
-<" which is .equipote,ri

tial-. :{,, ~, (It . 
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Appendix A1: MisceLLaneous Assignments and Archives on Chapters 1-4 AI.37 

. . ,':'Column I i I'Column II .. . . 
• 

. 
( ",- " -':f;' Y '~';' c't :./ 

d. Ele2'tric field 'at , o~~ 
,'"' \:'~;;l gi~ is zero. .1 p, . 

" 
(- a,O) (a,O) 

iv.CPt aodh are parallel to 
x-axi~ as shown) 

15. 

Column I Column II 

"!i" , f'· ~ 

.~ IPI i. I Eujat I for a dipole ' a. J , '\, ).; .« h' .. , . , ,,) 4nkr 
I;: ,'V\ .:';_:, ',, -;..,. y 'ri{i ", "..;i?",~;: :,- ,;::,.'".;(t::J I ."'·h l p·I' 
,-,,:1,1., I§equipolental , Lfor; a dtpple • ~:: }f,' .I'b., 4 • '.tn_"3 He , 

iieWhen dipOfe:is i~' ;uniforn{,.el'~e< ,~~ ','",I -, 0 
c. Filet = ) ., !;: ~ik~ 'ti" ld h (J 001jjlj~,,',;~-, ~ , '.'" . tric e wen = ";',; , .roei= 0 

Iv. When dipole is in non-unifonn • d. Fnel 'f 0; ' ,_ 
electt:ic field when (J J: 0° "1't;!~ • rnel = O);h\\"~ 

16. A certain electric field is given as 
E = - [(2xy + Z2) i + (2yz + x 2 )] + (2zx + yi),k] 

Column I Column II 

1~,:W.9rk4pne 1Jy el~ctri.9 fjeld,in J-p~ng .1\ ~: ~ .36) units 
, a unit charge from (0, 0, 0) to (3, 4, ' 

'~,,,-r6)'alcing ,(straight line 'J.' ", ",r .0 

'. it~ Work done by electric field in taking b. + 36 units 
';'.t,'h a charge!from' (3, 4, O)Jo (0, 0; 0) ;'" , ·u f " 

}';i'- along a straight line ';" .. ~: . 11~' , ,1.1' '",' . - - ---'-~~ --" -- .. . 
i iii., Wprk do~e by external ag~nt in tak· . c" zero .units 

ing' a charge from (3, 4, 0) to (6, 8" 
,. 0) v.;ithout change in K.E.7:, , ~ ,: :;, 

iv. ,Net charge enclosed in a sphere of 
" 'r;Jlus 5 u~its 'centred 'at the 'origi~ . 

5V A(O,lm) 

5V 

o B(lm,O) 

3V C(O, I m) 

Fig. Al.1I3 

" " ., 
d; +252 units 
,,[, '-; 

17. An unifonn electric field exists in straight line in the X -Y 
plane. The potential at different point in region are shown 
in the figure. Now match the following list if charge parti
cles P (mass = 10-6 kg). Charge = - 2./2 I-lC are released 
from a origin, 

-;, 

, Column I 

i. , Co-ordinate of, posi· 
tion of "' particle; ,p at 
time't = 2./2 I sec. · ~ 

Col,urnn II; . .,~, _, 

ii. Co·oroinate ' of' po'si. Ii, (-4-V2" m;::"'4.;,%2 m) J). 

':<:'{ tioti~·or' particle e at '. 
,,", timet=2. sec, ~ ,~\,):-" '., I l.'~: '-".t'·i~();h 

jii~ Distance' travelled 'by ' ~ c:8 'mm, ',.,.,.:,:;;-.'J\'n: 
I '~ particle Q in 2 ~~cis ' . , Ilht ' ,~;< n·:'"·,'.r:~{·\! .;~ 

) v, pist.ance ~a.veiied\:,~Y . , ~·4 ,m 'F ,; ;},,~.'. , :1.\<-1.1 
.>.' partlcl~ ,P,m 2 sec IS ~ ..' .. 1\ f'; .,., ,i". 

Archives ." " . 'I 
Solutions on p~g~~~.-76 ' _, 

Fill in the Blanks Type 

1. Five identical capacitor plates, each of area A, are ar· 
ranged such that adjacent plates are a distance d apart . 
The plates are connected to a source of e.m.f. V as shown 
in Fig. ALlI4. (lIT-JEE,1984) 

+ 

Fig. A1.114 

The charge on plate 1 is ___ and that on plate 4 is 

2. Fig. Al.l15 shows line of constant potential in a region 
in which an electric field is present. The values of the 
potential are written in brackets. Of the points A, B, and 
C, the magnitude of the electric field is greater at the point 

(IIT'JEE, 1984) 

(50~~C 
(40(¥JV) 

B 

(20 V) 
(10 V) 

Fig. A1.lIS 

3. Two small balls having equal pOSItive charges Q 
(coulomb) on each are suspended by two insulating strings 
of equal length L (metre) from a hook fixed to a stand. The 
whole setup is taken in a satellite into space where there 
is no gravity (state of weightlessness). The angle between 
the two strings is and the tension in each string 
is newton, (lIT-JEE, 1986) 
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A1.38 Physics for IIT-JEE: Electricity and Magnetism 

4. TWo parallel plate capacitors of capacitances C and 2C 
are connected in parallel and charged to potential differ
ence Y. The battery is then disconnected and the region 
between the plates of the capacitor C is completely filled 
with a material of dielectric constant K. The potential 
difference across the capacitors now becomes ___ , 

(IIT-JEE, 1988) 

S. A point charge q moves from point P to point S along the 
path PQRS in a unifonn electric field E pointing parallel 
to the positive direction of the X-axis (Fig. Al.116). The 
coordinates ofthe points P, Q, R, and S are (a, b, 0), (2a, 
0,0) (a, -b, 0), and (0, 0, 0), respectively. The work done 
by the field in the above process is given by the expression 

y 

+ 

Fig. Al.1I6 

(IIT-JEE, 1989) 

6. The electric potential Y at any point x, y, z (all in metres) 
in space is given by Y = 4x2 V. The electric field at the 
point (l m, 0, 2 m) is Vm- 1• 

(IIT-JEE, 1992) 

7. Five point charges, each of value +q coulomb, are placed 
on five vertices of a regular hexagon of side L me
tres. The magnitude of the force on the point charge of 
value -q coulomb. placed at the center of the hexagon is 
_ __ newton. 

00· 
q L q 

Fig. Al.1I7 
(IIT-JEE, 1992) 

True or False 

1. The work done in carrying a point charge from one point 
to another in an electrostatic field depends on the path 
along which the point charge is carried. (lIT-JEE, 1981) 

2. TWo identical metallic spheres of exactly equal masses 
are taken. One is given a positive charge Q coulombs 
and the other an equal negative charge. Their masses after 
charging are different. (lIT-JEE, 1983) 

,3. A small metal ball is suspended in a uniform electric field 
with the help of an insulated thread. If a high-energy X
ray beam falls on the ball, the ball will be deflected in the 
direction of the field. (l1T-JEE,1983) 

4. TWo protons A and Bare ,laced in between the two plates 
of a parallel plate capacitor charged to a potential differ
ence Y as shown io Fig. ALliS. The forces 00 the two 
protons are identical. (IIT-JEE, 1986) 

+ 
+ 
+ 
+ 0 

+ B 
+ A 
+ 
+ 

+-V--+ 

Fig. A1.lIS 

S. A ring of radius R carries a unifonnly distributed charge 
+ Q. A point charge - q is placed on the axis of the ring 
at a distance 2R from the center of the ring and released 
from rest. The particle executes a simple harmonic motion 
along the axis of the ring. (IIT-JEE, 1988) 

Sjngle Correct Answers Type 

1. A hollow metal sphere of radius 5 cm is charged such that 
the potential Qn its surface is 10 V. The potential at the 
center of the sphere is 

a. zero 

h. 10 V 

c. same as at a point 5 cm away from the surface 

d. same as at a point 25 cm away from the surface 

(IIT-JEE, 1983) 

2. TWo point charges +q and-q are held fixed at (-d, 0) and 
(d, 0), respectively, ofax- y coordinate system. Then, 

a. electric field E at all points on the x-axis has the same 
direction. 

b. electric field at all points on y-axis is along x -axis. 

c. work has to be done in bringing a test charge from 00 
to the origin. • 

d. the dipole moment is 2qd along the x-axis. 

(IlT-JEE, 1995) 

3. A parallel plate .:apacitor of capacitance C is connected 
to a battery and is charged to a potential difference Y. 
Another capacitor of capacitance 2C is similarly charged 
to a potential difference 2 Y. The charging battery is now 
disconnected and the capacitors are connected in parallel 
to each other in such a way that the positive terminal of 
one is connected to the negative terminal of the other. The 
final energy of the configuration is 

a. zero 

25 CV' c. 6 

b 3 CY2 
'2 

d 9 CY2 
'2 
(IIT-JEE, 1995) 
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Appendix A1: Miscellaneous Assignments and Archives on Chapters 1-4 A1.39 

4. An electron of mass m., initially at rest, moves through 
a certain distance in a uniform electric field in time il. A 
proton of mass mp, also initially at rest, takes time t2 to 
move through an equal distance in this uniform electric 
field. Neglecting the effect of gravity, the ratio t2itl is 
nearly equal to 

•• b. (mpim~ )1/2 

d. 1836 

(IIT-JEE, 1997) 
S. A non-conducting ring of radius 0.5 m carries a total 

charge of 1.11 x to- IO C distributed non-uniformly on its 
circumference producing an electric field E everywhere 

/ .. 0 

in space. The value of the integral f -E· di (J =0 being 

center of the ring) in volts is 

a. +2 

c. -2 

1""00 

b. - I 

d. zero 

(IIT-JEE, 1997) 
6. 1\vo identical metal plates are given positive charges Q I 

and Q2( < Q I), respectively. If they are now brought close 
together to form a parallel plate capacitor with capacitance 
C, the potential difference between them is 

•. (Q, + Q,)/(2C) 

b. (Q, + Q2)/ C 

c. (Q, - Q,)/ C 

d. (Q, - Q,J/(2C) 

(IIT-JEE, 1999) 
7. For the circuit shown in Fig. AI.119, which of the follow

ing statements is true? 

1 
T 

1 
T 

Fig. At.119 

a. With SI closed, VI = 15 V, V2 = 20V. 

b. With S3 closed, VI = V2 = 25 V . 

c. With SI and S2 closed, VI = V2 = O. 

d. With SI and S2 closed, VI = 30 V, V2 = 20 V. 

(IIT-JEE, 1999) 

8. Three charges Q, +q, and +q are placed at the vertices of 
a right angled isosceles triangle as shown (Fig. A 1.120). 
The net electrostatic energy of the configuration is zero if 
Q is equal to 

-q 
b . 

-2q 
•• i + v'2 2+ v'2 
c. -2q d. +q 

(I1T-JEE, 2000) 

+:L+q 
-'---' 

Fig. Al.t20 

9. A parallel plate capacitor of area A, plate separation d and 
capacitance C is filled with three different dielectric ma
terials having dielectric constants kl' k2, and k3 as shown 
(Fig. AI.I21). If a single dielectric material is to be used 
to have the same capacitance C in this capacitor, then its 
dielectric constant k is given by 

1 
a. k = 

1 
b. k ~ 

An AI2 
+ , 

K, K, , 
d: , , , 
• 

A 
A = area of plates 

Fig. Al.t2t 

1 1 1 
-+ -+ -
kl k2 2k3 

1 1 --+ 
kJ +k2 2k3 

+ :d f2 

• 

(IIT-JEE,2000) 

10. Three positive charges of equal value q are placed at the 
vertices of an equilateral triangle. The resulting lines of 
force should be sketched as in 

"~b~ '~~ ~ 
~~~~~7\~~ 

(IIT-JEE,2001) 
11. Consider the situation shown in Pig. A1.I22. The capac

itor A has a charge q on it whereas B is uncharged. The 
charge appearing on the capacitor B a long time after the 
switch is closed is (IIT-JEE,200t) 

a. zero 

c. q 

q 

J-;~ 
A B 

Fig. At.t22 

b. ql2 

d. 2q 
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A1.40 Physics for IIT-JEE: Electricity and Magnetism 

12. A uniform electric field pointing in positive x-direction 
exists in a region. Let A be the origin, B be the point on 
the x-axis at x = +1 cm and C be the point on the y-axis 
at y = + 1 cm. Then, the potentials at the points A, Band 
C satisfy (IIT-JEE,2001) 

13. 1\vo equal point charges are fixed at x = -a and x = +a on 
the x-axis. Another point charge Q is placed at the origin. 
The change in the electrical potential energy of Q, when 
it is displaced by a small distance x along the x-axis, is 
approximately proportional to (IIT-JEE, 2002) 

•. x d. l/x 

14. 1\vo identical capacitors have the same capacitance C. 
One of them is charged to potential VI and the other to V2. 
The negative ends ofthe capacitors are connected together. 
When the positive ends are also connected, the decrease 
in energy of the combined system is 

1 , , 
a. 4'C(V1 - V2 ) 

1 , , 
h. 4'C(V! + V2 ) 

1 , 
c. 4'C (VI - V2) 

1 , 
d. 4C (VI + V2) 

(IIT.JEE, 2002) 

15. A metallic shell has a point charge 'q' kept inside its 
cavity. Which one of the following diagrams correctly 
represents the electric lines of force? (IIT-JEE,2003) 

"~b'~'~~ 
16. Six charges of equal magnitude, 3 positive and 3 negative, 

are to be placed on PQRSTU comers of a regular hexagon, 
such that field at the center is double that of what it would 
have been if only one +ve charge is placed at R. 

U< b ?, 
Fig. A1.123 

a. +,+,+,-,-,-
c. -, +, +, - , +,-

h. -, +, +, +, -, 
d. +, -,+,-,+,-

(IIT-JEE, 2004) 

17. A Gaussian surface in Fig. A1.124 is shown by dotted 
line. The electric field on the surface will be 

a. due to q! and q2 only 

h. due to q2 only 

c. zero 

d. due to all (IIT-JEE, 2004) 

1S. Three infinitely long charge sheets are placed as shown in 
Fig. A1.l25. The electric field at point P is 

19. 

/ , , , 

Fig. A1.124 

z 
~--~--------Z ~ 3a 

-p 

. ,2~0'--__ 1-______ _ _ Zma 

--~--~--------->" 
,,0'-____________ 2 .. _ {/ 

20 , 
•• -- k 

'0 

c. _ 20 k' 

'0 

Fig. A1.125 

40 k' b. -
eo 

40 , 
d. - -- k 

eo 
(IIT-JEE, 2005) 

A long hollow conducting cylinder is kept coaxially inside 
another long hollow conducting cylinder of larger radius. 
Both the cylinders are initially electrically neutral. Then 

a. a potential difference appears between the two cylin
ders when a charge density is given to the inner cylin

der. 
b. a potential difference appears between the two cylin

ders when a charge density is given to the outer cylin
der. 

c. no pO;tential difference appears between the two 
cylinders when a uniform line charge is kept along 
the axis of the cylinders. 

d. no potential difference appears between the two 
cylinders when same charge density is given to both 
the cylinders. (IIT-JEE,2007) 

20. Consider a neutral conducting sphere. A positive point 
charge is placed outside the sphere. The net charge on the 
sphere is then (IIT-JEE,2007) 

a. negative and distributed uniformly over the surface 
of the sphere 

h. negative and appears only at the point on the sphere 
. closest to the point charge 

c. negative and distributed non-uniformly over the en
tire surface of the sphere 

d. zero 

21. A spherical portion has bcen removed from a solid sphere 
having a charge distributed uniformly in its volume as 
shown in Fig. A 1.126. The electric field inside the emptied 
space is (IIT-JEE, 2007) 

a. zero everywhere 

b. non-zero and uniform 

c. non-unifonn 

d. zero only at its center 
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Appendix Al: Miscellaneous Assignments and Archives on Chapters 1-4 A1.41 

Fig. AI.126 

,22. Positive and negative poim charges of equal magnitude 
are kept at (0, 0, al2) and (0, 0, - aI2), respectively. The 
work done by the electric fi eld when another positive poim 
charge is moved from ( - a, O. 0) to (0, a, 0) is 

a. positive 

b. negative 

c. zero 

d. depends on the path connecting the initial and final 
positions (l1T-JEE, 2007) 

23. Consider a system of three charges ~ , ~ and - i 
placed at points A. B. and C, respectively, as shown in 
Fig. A1.l27. Take 0 to be the center of the circle of ra
dius R and angle CAB = WO. Then (l1T-JEE, 2008) 

24. 

y , 

B 

c -- -- -- ------- - ~ ,0 

Fig. A1.127 

a. the e lectric field at point 0 is q 2 directed along 
8n: EoR 

the negative x-axis. 
h. the potential energy of the system is z~ro. 

c. the magnitude of the force between the charges at C 
q' 

andBls
5 

' 
4Jt"EoR 

d. the potential at point 0 is ~~q!.--
12 1TEO R 

A disk of radius a/4 having a uniformly distributed 
charge 6C is placed in the x -y plane with its centre at 
(- 0/2, 0, 0). A rod of length a carrying a uniformly dis
tributed charge BC is placed on the x -axis from x = 0/4 
ta x = 50/4. Two poillt charges - 7Cand3C areplacedat 
(0 /4, - 0/4. 0) and (- 30 /4. 30/4,0), respectively. Con
sider a cubical surface fonned by six surfaces x = ±a/2, 
y = ±a/2. z = ±a/2. The electric fl ux through thiscubi
cal surface is (UT-JEE,2009) 

-2C b. 2C •• 
' 0 '0 

IOC 12C 
c. d. 

80 '0 

y 

-f:.)--+-~-- -, 

Fig. A1.128 

25. Three concentric metallic spherical shells of radii R, 2R, 
3R, are given charges Q J, Q2, Q), respectively. ltis found 
th3t the surface ch3rge densities on the outer surfaces of ; 
the shells are equal. Then, the ratio of the charges given 
to the sheils, QI : Q2 : Q3 is (lIT-JEE,2009) 

s . 1.:2:3 b. 1:3:5 

c. 1:4:9 d. 1:8: 18 

(QI + Ql + Ql) 

Fig. Al.129 

Assertion-Reasoning Type 

a. Statement I is True. Statement U is True; Statement 
II is a correct explanation for Statement I. 

b. Statement I is True. Statement II is True; Statemenl 
II is NOT a correct explanation for StateI11ent I. 

c. Statement I is True, Statement II is False. 

d. Statement I is False. Statement II is True. 

Statement I: For practical purposes, the earth is used as a ref
erence at zero potential in electrical circuits. 
Statement II: The e lectrical potential of a sphere of radius R 
with charge Q uniformly distributed on the surface is given by 

Q 
4JT8o R 

Comprehension Type 

For Problems 1-3 
The nuclear charge (Ze) is non-unifonnly distributed within a 
nucleus of radius R. The ·charge density per ) [charge per unit 
volUme) is dependcnt only on the radial distance r from the 
center of the nucleus as shown in Fig. Al.1 30. The electric field 
is only along the radial direction. 

1. The electric fie ld at r = R is 

a. independent of a 

b. directly proportional to a 

c. directly proportional to 0 2 

d. inversely proportional to 0 
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A1.42 Physics for IIT-JEE: Electricity and Magr:etism 

dl--- " 

O!------O;'--~R,. ,. 
Fig. A1.l30 

2. For a = 0, the value of d (maximum value of p as shown 
in the Fig. Al.130) is 

3Z, 3Z, •• 41f R3 b . 
rr R' 

4Z, Z, 
C. 

31f R3 d. 
31f R3 

3. The electric field within the nucleus is generally observed 
to be linearly dependent on r. This implies 

a. a =0 

C. a = R 

R 
h. a=-

2 
2R 

d. a= -
3 

Multiple Correct Answers Type 

1. Two equal negative charges -q are fixed at points (O, ±a) 
on y-axis. A positive charge Q is released from rest at the 
point (2a, 0) on the x·axis. The charge Q will 

a. execute simple hannonic motion about the origin 

b. move to the origin and remain at rest 

c. move to infinity 

d. execute oscillatory but not simple hannonic motion 

(IIT-JEE, 1984) 

2. A parallel plate air capacitor is connected to a battery. 
The quantities charge, voltage, electric field and energy 
associated with the capacitor are given by Qo, Yo, Eo 
and Vo, respectively. A dielectric slab is now introduced 
to fill the space between the plates with battery still in 
connection. The corresponding quantities now given by 
Q, V, E and V are related to the previous one as 

a·Q>Qo b.V > Vo 
c. E > Eo d. V > Vo 

3. A charge q is placed at the center of the line joining two 
equal charges Q. The system of the three charges will be 
in equilibrium if q is equal to (IlT-JEE, 1987) 

Q a. --
2 

4. A parallel plate capacitor is charged and the charging bat
tery is then disconnected. If the plates of the capacitor are 
moved farther apart by means of insulating handles: 

a. the charge on the capacitor increases. 

b. the voltage across the plates increases. 

c. the capacitance increases. 

, 

d. the electrostatic energy stored in the capacitor in. 
creases. (IIT-JEE, 1987) 

5. A solid conducting sphere having a charge Q is sur. 
rounded by an uncharged concentric conducting hollow 
spherical shell. Let the potential difference between the 
surface of the solid sphere and the outer surface of the 
hollow shell be V. If the shell is now given a charge of 
-3Q, the new potential difference between the same two 
surfaces is 

•. V b. 2V c. 4V d. -2V 

(IIT-JEE, 1989) 
6. Seven capacitors, each of capacitance 21-lF, are to be con. 

nected in a configuration to obtain an effective capacitance 
of lOll I flF. Which of the combination (s) shown in the 
given graphs will achieve the desired result? 

•• b. 

"<!:>IIIIIIII 

d. 

(IIT-JEE, 1990) 
7. A parallel plate capacitor of plate area A and plate sepa

ration d is charged to potential difference V and then the 
battery is disconnected. A slab of dielectric constant K is 
then inserted between the plates of the capacitor so as to 
fill the space between the plates. If Q, E and W ~enote, 
respectively, the magnitude of charge on each plate, the 
electric field between the plates (after the slab is inserted) 
and work done on the system, in question, ill the process 
of inserting the slab, then (llT-JEE,1991) 

l'oAV 
a. Q=-d-

. eoKAV 
b. Q = d 

V 
c. E = Kd 

l'oA V
2 

[ I 1 d, W=--u- 1- K 

8. 1\vo identical thin rings, each of radius R metres, arecoax
ially placed a distance R metres apart. If Ql coulomb, 
and Q2 coulomb, are, respectively, the charges uniformly 
spread on the two rings, the work done in moving a charge 
q from the center of one ring to that of the other is 

a. zero 

q '-"( Q"""C-~Q,,,).o.( v'2c:2:..--'..'1) b. -
(4./21fsoR) 
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Appendix At : Miscellaneous Assignments and Archives on Chapters t-4 A1.43 

(4J'fSoR) 

d q(Q, + Q, ) (-J2 + 1) 

. (4-J2. ' oR) 
(JlT·JEE.1992) 

~ 

9. The magnitude of electric field E in the annular regio n of 
a charged cylindrical capacilOr (IIT-JEE. I996) 

a. is same throughout. 

b. is higher near the outer cylinder than near the inner 
cylinder. 

c. varies as III', where r is the distance from axis. 

d. varies as 1/1'2 where r is the distance from the axis. 

10. A metallic solid sphere is placed in a unifonn e lectric fie ld. 
The Jines afforce follow the path(s) shown in Fig. A 1. I 31 
as (IlT-JEE. 1996) 

I 

~ E) ~ 
I 

2 2 
) ) 

4 4 

Fig. A1.13} 

a. 1 b.2 c. 3 d.4 

11. A dielectric slab of thickness d is inserted in a parallel · 
plate capacitor whose negative plate is at x = 0 and positive 
plate is x = 3d. The slab is equidistant from the plates. The 
capacitor is given some charge. As x goes from 0 to 3d. 

\2. 

13. 

a. the magnitude of the electric fi eld remains the same. 

b. the direction of the electric fi eld remains the same. 

c. the electric potential increases continuously. 

d. the electric potential increases at first, then decreases 
and again increases. (liT-lEE, 1998) 

A charge +q is fi xed at each of the points x = Xo. x = 3xo, 
x = 5xo and soon. on the x-axis, and a charge--q is fixed at 
each of the points X = 2xo, x = 4xo. x = 6xo and so on. 
Here, Xo is a positive COnSlanl. Take the electric potential 
lit a point due to a charge Q at a distance r from it to be 
Q/ (4J'f Eor). Then, thc potential at the origin due to thc 
above system of charges is (l1T-JEE. 1998) 

a. 0 

c. 00 d. 
4J'f Eo xo 

A positively charged thin metal ring of radius R is fi xed 
in the xy plane with its center at the o rigin O. A nega
tively charged particle P is released from rest at the point 
(0,0, zo), where Zo > O. Then, the mo tion of P is 

a. periodic. for all values o f IO satisfying 0 < 41 < 00 

b. simple harmonic, for all values of 2:0 satisfying 
O <zo::::R 

c. approximately simple harmonic, provided Zo < < R 

d. such that P crosses 0 and continues to move along 
the negative I-a.xis towards z = - 00 . 

(llT·JEE.1998) 

14, A non-conducting solid sphere of radius R is unifonnly 
charged. The magnitude of the electric field due to the 
sphere at a distance r from its center (IIT'JEE,I998) 

a. increases as r increases, for r < R 

b. decreases as r increases. for 0 < r < 00 

c. decreases as r increases, for R < r < 00 

d. is discontinuous at r = R 

15. An elliptical cavity is carved within a perfect conductor 
(Fig. AI.132). A positive charge q is placed at the cenler 
of the cavity. The points A and B are on the cavity surface 
as shown in the figure. Then 

1u'l!7r!rr!' :7!7!lfIIB 
Fig. Al.132 

a. electric field near A in the cavity = electric fie ld near 
B in the cavity 

b. charge density at A = charge density at B 

c. potential at A = potential at B 
d. total electric fi eld flux through the surface of the cav-

ity isq/Eo. (IIT·JEE, 1999) 

16. TIle electrostatic potential (¢, ) of a spherical symmetric 
system, kept at origin, is shown in Fig. AI .I33, and given 
" (llT-JEE.2OO6) 

;, 

• 
FIg. Al.l33 

q q 
¢r = (r > Ro) ¢r = (r :::; Ro) 

4n tor - . 4J'f EoRo 

Which of the following option(s) is/are correct? 

a, For spherical region r < Ro, total electrostatic energy 
slOred is zero. 

b. Within r = 2Ro• tolal charge is q . 

c. There will be no c harge anywhere e.xcept al r = Ro. 

d, Electric fi eld is discontinuous at r = Ro. 

Integer Answer Type 

1. A solid sphere of radius R has a charge Q distributed in 
its volume with a charge density p = kra wher k and a are 
constants and r is the distance from its centre. If the electric 
field at r = R/ 2 is 1/8 times that at r = R, find the value of 
a. (llT-JEE. 2009) 
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A1.44 Physics for IIT-JEE: Electricity and Magnetism 

ANSWERS AND SOLUTIONS 

Objective Type 

1. c. (Force on Q due to both charges +q on x-axis will be 
cancelled. Now, net force on Q due to q and -4q on y-axis 
should be zero. 

2m 

y , , 
'q , , , 

It 2 m 
TI-4 y: , 

+ q :Q + q 

Fig. A1.134 

kQq kQ4q Y ~ 2v'3 m 
=? (2 cos 30")2 = ,Y2 =? 

kq Vjr] 2. b. Charge on metal sphere: Vj = _ =? q = __ 
" k On connecting the sphere with shell,' entire charge will 

be transferred to the shell. So, potential of sphere now: 

V2 = kq = Vjrl 
r2 '2 

3. c. Let capacitance of conductor is e land that of plate is C2 
(Fig. A 1.135). After first operation: 

q 

c, 

Fig. A1.135 

q Q-q 
-~--

Q-q 

c, 

(i) C] C2 
Let qo is the maximum charge that can be transferred to the 
conductor (Fig. AI.136). Then, 

c, 

Fig. Al.136 

qo = R (ii) 
C] C2 

From (i) and (ii), qo = ...fl!L 
Q-q 

4. b. Initially, when the switch is closed on positionl~ the ca
pacitor C is connected in series with batteries E j and E2. 

From KVL, we have 

or (i) 

Depending upon the sign of (E2 - E l ), charge Q; on 
the left plate may be positive (if E2 >' Ed, Of-negative (if 
E2 < E I); charge on right plate would be equal and ·opposite. 

When the switch is moved to position 2, the left place 
(earlier having charge +Q;), will now have charge 

Q, = - EIC (0) 
The net charge flow through the circuit is 

We can say Chat a net positive charge equal to E
2
C is 

pulled by the battery of e.m.f. E] from the left plate of the 
capacitor, which flows through battery E l and is transferred 
to the right plate of the capacitor. Work done by battery E 1 

in the process of charge transfer is 

AW=El~C ~i) 
A part of this work changes the energy of the capacitor: 

Q}Q~12 1 2 
6. We = 2C - 2~ = 2 .E] C - 2" (E2 - Ed C 

I , 
= 2" (2£I E2 - E2 )C 

and the remaining part is lost as louie heating: 

H = 6.W-.6.Wc = 

5. b. From Fig. AI.J37 
I.dp = (AadB)2acosB 

, , 
+ + +,- -

dq~Md8+ : ._ .,._--, . , 

Fig. Al.137 

I , 
2"E2C 

'I' 
p= I dp = 2Aa2 I cosBdB 

-'i2 

, [ . 8J'I' = 2Aa Sm - rr/2 

/p/ =4Aa2 

2. dp = (Aa dB) 2a cos B (Fig. AI.138) 

'- -, , 
Fig. A1.138 
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Appendix Al: Miscellaneous Assignments and Archives on Chapters 1-4 Al.4S 

"I' 
p= f dp=2A0 2 

/ cosBd() 

-11/4 

= 2'\a2 [sin e ]~~~4 

~2Aa2 [~+ ~l 
p = 2./2)..a2 

6. d. dp = (1 (2.rra sinO) a dB 2a cos e 

p 

Let 

+++ ,---
+++ -:_-_- dp 
+ + -,- -
+ + -'-

Fig. A1.139 

dp = 4aJw3 sin (} cos (} de 

"" . p = / dp = 4crtrQ 3 / sin () cos () de 

sinO=! 

cos8d() = dt 
, 

o 

p = 4JTaQ 3 J t dt 

o 

p = 27raQ 3 

7. a. The most general case is as shown in Fig. A1.l40. No 
net charge is induced as no flow of charge into or out from 
the body is taking place. So, mass of the bodies also remain 
unaffected. It is a temporary effect as when we take away 
the charged body, the redistribution of charge in the neutral 
body disappears. We can also consider other cases like charge 
enclosed by a conducting shell, etc. 

" , , , , , , , 

Induced 

d
~:",""'l 

- , 
- , 
- , - , 

Inducting body positively 
or negatively charged 

Fig. Al.140 

8. d. Equilibrium would be stable, when the particle displaced 
from equilibrium position comes back to its equilibrium po
sition under the action of restoring forces and equilibrium 
would be unstable, when the particle has no tendency to come 

back to equilibrium position when displaced from the equi
librium position. 

9. a. For providing a non-zero net charge, transfer of electron 
has to take place from given charged conducting body to 
the dielectric sphere (which has to be charged), which is not 
possible in induction and conduction. 

~ 

10. h. From the expression for E due to straight wire 
(Fig. A1.l41), 

11. 

12. 

And 

-"-(sinfh + sin (h) 
4neod 

" --(COS81 - cos (2) 
4nsod 

, , , 
e, , , , 

" , , 
tr/2\ , 

";3 
p 

Fig. A1.141 

For the given configuration, 
n n 

81 = -- and 82 = -
4 2 

So. ~ "[( IT) , n 'J E ~ -- I-sin- i + cos-j 
4nsod 4 4 

c. Due to induction, redistribution of charge will take place 
as shown in Fig. A 1.142. 

A B 

, -, , 

i. 
g, -"~'--JL 

Fig. A1.142 

Due {Q lesser distance from rod, A would have more nega
tive potential as compared to potential of B. Since spheres 
are in contact, transfer of electrons takes place from A to B 
[negative charge moves from low potential to a high poten
tial]. As spheres would be separated. A acquires some net 
positive charge while B has some net negative charge. Due 
to withdrawal of rod, the charges appearing on A and B get 
distributed over their surfaces. -

c. Due to q, charge gets distributed on the inner and outer 
surfaces of sphere as shown in Fig. A1.l43. On the inner 
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Al.46 Physics for IlT.JEE: Electricity and Magnetism 

surface, q' (non-unifonn or uniform distribution) on outer 
surface -q' (non-unifonn or uniform distribution) and Q is 
unifonnly distributed. 

Fig. A1.143 

..... ..... ..... ..... 
E q :::: Eql + E_'I' + EQ:::: 0 

- - -Eql:::: -E_ql and EQ:::: 0 - -$0, Fq =qEq =0, 

whatever be the location of chargc q. 

13. b. The charge distribution is as shown in Fig. A 1.144. Out 
of these charges, the charge on the outer surface, (q + Q), 

would be always uniformly distri'buted, so E due to charge 
on q +' Q at any inside point is zero. [In another reasoning, 
conducting shell divides the space into two regions, inside 
and outside, which are independent of each other in terms of 
electric field]. 

Fig. A1.144 

15. h. 
..... av~ aVA av~ 
E = - - I - -j - - k 

ax ay az - . E = (- 6x +4) i 

So, the equipotential surfaces would be planes parallel -to yz plane, as E is perpendicular to equivalent surface. 

16. a. All the statements are general prope11ies of electric mies 
of force. / ., 

17. d. The total charge of the inner conductor transfers tS the 
outer one, 

VB:::: -q-
4](80 R 

18. d. The part of the ring enclosed by sphcre subtends an angle 

of 1200 (2;) at its center. 

Q 

Closed 
/--~-------, r spherical 

. " surface 

R c 

Fig. A1.146 

• , , , , , , 

Q 2n Q 
So, charge cnclosed by the sphere is - - x - ~ 

2]( 3 3 

So, flux crossing through the sphere is JL. 
3'0 

19. h. Equal and opposite charges get induced on the inner sur
face of conductor, so the net charge enclosed by the surface 
is zero and hence flux crossing through the surface is zero. 

Now, electric field at the location of point chargc q is only 20. d. 
due to induced charge on the inner surface of the conductor. 
As charge q moves from center to the inner surface, iLq 

¢ = ¢1'$1 + ¢cs + ¢f!$2 

¢ = 2¢f!$ + ¢CJ [.: ¢PSI = ¢P'2] 
q increases as charge density becomes more near to q. 

14. h. dEx =2dEsinOanddE}" = o (Fig. A1.l45) 

Fig. A1.l45 

dE = axRdO= adO 
2](80 R 2](80 

./2 

Ex=/dEx =/ ~sinOdO=~ 
](80 ](80 

o 

¢cs = ¢ - 2¢ps :::: - - 2¢ps 
'0 

To find ¢PS> use integration technique. 

Fig. A1.147 

_ q 1 
E~ - - X 

4Jl"80 (X2 +12/4) 

- -d¢I"= E·ds:::: E X 2Jl"x dx X cose 

q xdx [/2 
~-x x 

2 80 (x2+f2/4) ';x2+12/4 

ql x dx 
~-x 

480 (x2 + [2/4)3/2 
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Appendix A1: Miscellaneous Assignments and Archives on Chapters 1-4 Al.47 

R . 

qi f x dx q ql 
¢p.= 4£0 (x2 +12j4)312 = 2£0 - 4so,JR2+l2j4 

o 

21. c. This work done by us is stored in the capacitor in the 
volume A(d2 -dd where new electric field is created. 

If you calculate the work done by using the expression 

SoAV2[1 I] 
WCx! - Wei:::: dU = -2- d

2 
- d] < 0, you may get 

confused. Here, battery is also doing work, so from energy 
conservation principle. 

22. b. Due to polarization, charge on dielectric slab would be 

CV( I - ~). 

ono---ln 
eV(1 - JlK) 

-cv 
ev CV(liK -1) 

Fig. A1.148 

So, charge on 1 = 0 

Chargeon2= CV -CV (1-~) = CV 
. K K 

Chargeon3 = CV (1- ~) - CV = _ c; 
Charge on 4 = 0 

23. d. The resultant force acting per unit area of each' plate can 
be written as F = Fo - F', where Fa is the force acting on 
unit area of plate due to other plate and F' is the force acing 
on unit area of plate from the dielectric. 

q2 (SOSAV)2 

Now, F = 2so£A = d x .!.. 
A 2sosA A 

F = £o£V
2 

2d2 

Also,Fo=Fxs 

, Fo ( I) SO,F ::::Fo--;-=Fo 1 - ; 

= sF (l-~) = s(s -1)£oV
2 

S 2d2 

dU q2 
24. a. Use the formula, F = --, where U = -

dx 2C 
Treat the cylindcal capacitor as a parallel plate capacitor as 
d« R. 

2S. c. Refer concepts and formulate Isolated sphere and non
isolated sphere. 

Fig. Al.149 

26. a. Charge on capacitor, Q = C(E - V) (Fig. A1.149) 
Equivalent circuit can be drawn as (Fig. A1.150) 

-1 ~ ~-f-T~ f-. 
A C d/~ CI2 ~cf---l c B 

c 

A -I f---111---I1 f---1 f---. B 

c en 3e c -,-
Fig. A1.1S0· 

[As U and V arc at same potential, remove all capacitors 
between these points] 

=? C = 3C 
" 14 

27. c. The innermost conductor is at 0 potential (the same po-
tential as we assumed for infinity). 
The conductors with radius a and b make one capacitor, be
tween band c other capacitor and c makes a capacitor with its 
other plate at infinity. So, equivalent diagram can be drawn 

"' 

A 

4rrsoab 
Here, CI = 

b - a 
C2 = 4rr£oc 

4rr8obc 
C1=---

. c - b 

b , 
r--~ 

Fig. A1.1S1 

C I C2 
Ccq=C3+

C 
C 

J+ 2 

B 

28. d. Initial situation after the reconnection is shown in 
Fig. A1.l52(a) and the final situation in Fig. A1.l52(b). 
The charge transferred by C J is qo - ql and the capacitors C2 
and C3 are in series, so q2 = q3· 
Other way to solve the questions is to equalize the potentials 
across C] and series combination of C2 and C3. 
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Al.48 Physics for IIT-JEE: Electricity and Magnetism 

(.) (b) 

Fig. A1.152 

. CI VI + C2V2 
29. a. Common potential: Vc = '::'~~ 

C1 +C2 
. VI + V2 Smce CI = C2, so Vc = 

. 2 
Here, +ve plates of both are connected and -ve plates 

of both are connected. So, sum of charge on -ve plates will 
remain constant. 

. kql kq2 kq3 
30. a. Potential of outer sphere V = - + - + - ~ 0 

3r 3r 3r 
:::} ql + q3 = -q2 

31. b. If magnitude of the charge on the positively charged par
ticle is q, then 

And, 

E ~ _1_,,-
4nEo r2 

V~_I_'!. 
4noo r 

u~ 
I 2 
"200 £ 

It means, £ 0:: V 2• Hence, the curve between £ and V2 

will be a straight line passing through the origin. Hence, the 
option (b) is correct. 

Since V 2 0:: £, therefore the curve between V and £ will 
be a parabola which is symmetric about £-axis. Since the 
particle is positively charged, therefore the potential cannot 
be negative. Hence, the graph between V and £ will be as 
shown in figure (a). It means, the option (a) is wrong. 

2Q 

-Q 

Q s 
R 

Fig. Al.153 
I . 

Since U = "200£2, therefore the graph between £ and 

U will again be a parabola which is symmetric about U -axis. 

Since V 0:: ~ and U 0:: ~, therefore V 4 
C( U or(V2)2 0:: 

, " 
U. Hence, the graph between V 2 and V will be a parabola 
which is symmetric about V-axis. But neither V nor U can 
be negative. Hence, the part of the curve lying in positive 
quadrant only, is possible. Hence, the graph between V2 and 
V will be as shown in fig~re (~) . Therefore, the option (d) is 
wrong. 

32. b. Electric field travels with the speed of light and takes . ~ 

finite time to propagate. So, if charge is displaced, then £ 
due to this charge at any point changes after some time. 

t 2AI 
33. h. Electric field due to one wire = ----

4noo R 
Charge per unit length on other wire: q2 = A21 

:::} q2 = A2 X 1 = '\2 

Force per metre length on other wire 

F = q2£ = A2E = _1_ 2'\ I A2 = K X 2'\IA2 
4noQ R R 

34. ;t.T = 2nj 1 
go" 

35. c. 

qE 
Here, geff = g - -

m 
:::} gelT will decrease. 

Hence, T will increase. 

l'E 
rmg 

Fig. Al.154 

Electric flux 1 E . is = qin r '0 
s 

A 
y<R 

Fig. A1.155 

qin is the charge enclosed by the Gaussian surface which, 
in the present case, is the surface of given sphere. As shown, 
length AB of the line lies inside the sphere. 

In I:::.OO'A. R2 = y2 + (O'A? 

0 ' A = J R2 - y2 and AB = 2 J R2 :.... y2 

Charge on length AB = 2 J R2 y2 X A 

.'. electric flux E· dS = ::'::c'.."--_"-1- - 2AJR2- y 2 

80 
S 

36. c. Field strength at a point on the axis a distance.x from the 
center can be expressed as . 

E _ 1 Qx 
- 4Jr8o (R2 + x2)3/2 

Point charge 3 f.IC has to be kept at such a point on the 
axis at which field strength due to the ring has a maximum 
value. 

dE R 
For £ to be maximum, - = 0 and we obtain x = 

dx v'z 
So, the point charge has to be kept a distance 

R 15 
x = .Ji = .Ji = 1.6 em from the center. 
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Appendix A1: Miscellaneous Assignments and Archives on Chapters 1-4 A1.49 

37. d. R = "';S2 +S2 +2 x S x Scos 1200 _ S N 

+8N' 

R 

,,' 
8N 

Fig. A1.I56 

38. c. From (i), A and C both are charged, either positively or 
negatively. 

From (ii), B is charged and D and E have no charge. 
From (iii), A is positively charged. 

Therefore, from (i), B is negatively charged. 

39. c. After covering with a hemispherical shell; 

¢shell + ¢di.c = 0 (from Gauss law) 

¢shcll = - ¢dir,c = -¢ 

40. c. Using the fonnula for electric field produced by large 

sheet,E = ~ 
2Aeo 

We get: 
4Q, 2Q, 

EA = --(-I); EB = --(-I) 
2Aso 2Aso 

4Q ' 
Ec = 2Aso (+i) 

41. c. Net force on ql is zero, while that on the conducting sphere 
is towards the left due to attraction of -q2 (Fig. Al.109). 

c~=':~~ Conducting 
shell 

Fig. A1.I57 

qE 1O-6 x 2x107 
42. a. ax = - = ---;:--- = 10 ms-2 

m 2 

2u sine 
Time of flight T = = 

1 
2 X lOx72 

g 

T=h sec 

1 
Hence, Range R = uxT + zaxT 2 

1 
R = 10 cos 450 x T + 2' ax T2 

10 

10 1 
=- xh+-xlO x 2:::} R=20m 

.j2 2 

43. b. From Gauss law, ¢ = !!.... 
'0 

So,¢n= = 
¢min 

_Q_",_U = _A~(I_'_+-;b'c;:-+_h_'~)_' /_' 
Qmin )..h 

.J12 +b2 +h2 

h 
44. d. I = length of the each tube 

U x = U = constant 
. I 

Time of travel between the plates t = -
u 

Let a = constant acceleration in y-direction 

So, Vy = at when the particle emerges from the plates 

So, v2 = u; + v~ = u2 +a2t2 

[' C 
= u2 +a2 _ =u2 + _ (wherea 212 = C) 

u2 u 2 

So v=/u2+ C , u' 
45. a. According to Gauss's law, electric field at any point on 

Gaussian surface is due to all the charges present inside or 
outside. 

46. a. V=Vl+V2+V3 

1 Q 1 (-2Q) 1 (3Q) 
= 4neo R + 4neo R + 4neo R 

1 (2Q) Q 
= 4neo R = 2neoR 

~ -47. b. At equatorial point, E is opposite to P. So, the required 
angle is 180°. 

48. c. Electrical potential energy of system: 

U = -2 [kq' ] = - ../2kq2 
../2 a a 

(four pairs will cancel each other) 
If a decreases, U also decreases and if U decreases, the agent 
will do negative work. 

kQ kQ 
49. b. V = R' E = R2 

V V 
E=R:::} E=R 

If R increases, E decreases. 

50. c. From Fig. A1.l58 

Fig. AI.IS8 

...... rr:R2 ~ 
Al=-Ti 

...... rrR2~ 
A2 =---j 

,. 2 
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A1.S0 Physics for IIT-JEE: Electricity and Magnetism 

Ii = Ecos45° i + Esin 

.J2 

Th' , h fi 'S fl I' n:R2E IS IS t e ux enlenng. 0, ux eavlng = .J2 

51. b. V = IOr= IOJx2 + y2+ Z2 

E __ dv ___ \0 (2x) 

x- dx - 2JX2+ y2+Z2 

- lOx -10 x 3 
--r"p~,", ~ ~ - 3 .J2 
Jx2 + y2 +Z2 ";32 +42 +52 

Similarly, Ey = - 4.J2 

. Ez = 5.J2; E = Ext + Ey} + EJ( <') 

\ ' 

52. a. There is no charge on the outer surface. Hence, no force 
on q2 (Fig. A1.l59). 

-q, 

--+-~"~q, 
q, 

Fig. Al.159 

53. b. The charge on outer surface of shell will apply a force on 
q, 

54, b, 

' " - q, 

--+-"'--< q, 
q, 

Fig. A1.160 

F = kqlq2 
,,2 

E ~ JL 
2Aeo 

qE qQ 
a = -~ --

111 2Amso 

d= ~at2;t = f2d = 
2 V-;; 

Fig. Al.161 

2d2Amso 

qQ 

55, d, 
I 

OB = OA cos 600 = 2 x - = 1 m 
2 

y 
E 

Fig. A1.162 

VB - Vo = E(OB) = 100 xl = 100V 

VA - Vo = 100 V [·.· VB = VA) 

Vo .:.. VA= -100V 

56. d. VB - Vi!. = - f E;dx = -[Area under Ex-x curve] 

I 
VB -10=- - x 2 x (-20) =20 

2 
VB = 30V 

57. b. Charge on B will remain same as it is not touched with any 
other body. Charge induced on A will decrease the potential 
of B (Fig. Al.163). 

'0--0" • A -_. 8. 
-I' _ + + . -

Fig. A1.163 

58. a. Electric field produced due to charge Q will be zero at p. 
But potential produced by Q-at p will not be zero. 

)" mv
2 ~' 59. d. -- ~ - - or v = - - - Independent of r (see 

2n sor r 2n eom 
Fig. ALl64). 

• , 
( 

Fig. Al.164 

60. b. Final charges will be as shown in Fig. A 1.165. 
So, charge flowing from carth to plate 
. = final charge - initial charge 

= - 4-10 = - 14].lC 

61. d. V = R!. = Q2 
C 1 C2 

Q I + Q2 = Q 
soA eoA 

whercC I = - andC2 = -
a b 

Qa 
Solve to find Q2 = -

a+b 

(I) 

(2) 
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~ -Q, ~ Q ;i 
;; - 2 ~ , 

tl 
QI ;~ Q, 

, 
~ • 3 c, i c, ~ 

~ v ~ 

Fig. A1.165 

62. c. P =2 X 10-8 X 2 X 10-3 = 4 X 10-11 em 
). dE 

E = - - , F = pcos(J -
2nsox dx 

Appendix Al: MiscelLaneous Assignments and Archives or ":hapters 1-4 Al.51 

67. b. Plates can be rearranged as shown : <1 Fig. AI.168. 
Plates I and 2 and plates 3 and 4 form two capacitors 

which are in series between A and .3. Plates 2 and 3 do not 
form any capacitor as they are at same potential. 

£'! , • I 

~, 
:1l • • 3 

4 

Fig. A1.167 

A +- + - B 

F = _ p cos e).. = _-~4~x,,-,1~0~-_"...:::x~'~O~S~6~OO...:::X~4~X~1~0~-_' 
2lTSOX2 1 ( 6 )' 

1+ -H+-~ 
+ - +-
I 2 3 4 

2 x 9 X 109 X 100 

=O.04N 

63. b. qi = CVi := 16 x 5 = 80 flC, q, = CVj = 16 x 10 

= 160f.lC 

Given dq = 40t ::::} 
dt l ,j l' dq = 40t 

4012 

qj -qi = --
2 

::::} 160 - 80=20t2 

q; 0 

1=2s 

64. c. p and q are in parallel and then r in series. 

65. c. The charge on capacitor before dielectric, 
q] = CV = 50 X 10-9 C 

Final charge on capacitor after dielectric, 
Q2=(KC)V = 5 x 50 x 10-9 

= 250 X 10-9 C 

Charge flow from battery, 6.q = q2 - q! = 200 ne 
66. a. Given plates can be rearranged as shown: 

BoA 
2d 

BoA 
2d ; C5 = 

BoA 
d 

C J and C2 are in series and its effective capacity 

= 

coA 80A 
- x 

d 2d eoA 
3d 

Effective capacitance of C4 and C~ = 

soA EoA 
CAB = 3d + 3d + 

BoA 
= 

3d 

BoA 
3d 
BoA 
d 

68. b. 

Fig. A1.168 

So, Ceq = 
(¥) x ('j;f) 

Given circuit is equivalent to (see Fig. A 1.169) 

eoA eo x 50 x 10-4 5 
Cl= -= = - eo 

d 3x10 3 3 

Eox50x10-4 5 
6 x 10 3 = 6EO 

12V 

Fig. A1.169 

Effective capacity, 

C~q = C1 + C2 = (~+~) EO = ~eo 
[ [5 

Hence, energy stored U = 2'Cv 2 = 2' x lEa x 122 

5 
= 4' x 8.85 X 10- 12 x 122 :::: 1.6 X 10-9 J :::: 1.6 nl 

69. a. Let the charge following through section AB is Q 
(Fig. A 1.170). 

Applying Kirchhoff 's law, 
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A1.52 Physics for IIT-JEE: Electricity and Magnetism 

15 x 2 
Q=-- =IOMC 

3 

So, potential difference across 2 IlF capacitor 

V = R = 10 MC = 5V 
C2 2)JF 

70. d. Circui,t is redrawn as shown in Fig. A1.l71. 

1.F D::=n ,.FT '.F 1'.F 
Fig. A1.171 

In the circuit, 4 )..IF and 4 )..IF capacitors are connected in 
series. Combination of this is in parallel with 1 )JF and 2 )JF 
capacitors. 

Hence. choice (d) is correct. 

71. d. Field on the axis of the dipole lies in the direction of dipole. 

y 

E (O,-Yo, 0) 

(-Xo, 0, 0) 

(0,0, -zo) 

z 
Fig. AI.I72 

Field on the bisector of the dipole lies opposite to the 
direction of dipole. 

72. a, The potential of point B is + 1 0 V, therefore, no potential 
difference exists across 12)..1F capacitor, hence q12 = O. 

Charge on the 4)..1F capacitor is 
q, = (4)(10) = 40 .C. 

73. b. Given: 
Eo-: 

E = TI, 1=2cm,a= 1 cm, 

Eo=5x103 N/c 

We see that flux passes mainly through surface area 
ABDC and EFGH. 

As the AEFB and CHGD are parallel to the flux again in 
ABDC=O; 

Hence the flux only passes through the surface area 
EFGHE=O 

a a 
flux = EOT x area = 5 x 103 

X 1 x 0
2 

a' 
=5xI03 x-

I 

= 5 X 103 X (0.01)3
2 

= 2.5 X 10-1 
2 x 10 

So, q = So flux 
= 8.85 X 1O- !2 x 2.5 X 10-1 

=22.125 x 10-13 =2.2125 x 1O-!2C 

74. d. Consider the gaussian surface the induced charge be as 
shown in the fig. 

The net field at p due to all the charges is zero 

-2Q + -q-(left) + -q- (right) + q - -q-(right) = 0 
2Aso 2Aso 2Aso 

=>-2q+q-Q+q=0 

3 
=} q = ZQ 

charge on the right side of right most plate = 

-2Q+ Q = -2Q+ ~Q = -; 

75. a. Electrical force is balanced by the weight of the mass 
mg = q E E = electric field 

V . h or mg = q. d (where d = separatIOn at t e plates) 

or mg = q . y ('" soA = C .!. = ~) 
2 d deoA 

2_ m=g '",o,..A orV =-
qC 

10-6 X 10 x 2.2 X 10- 12 x 10-2 

= 
10 5 x4xlO8 

10- 6 x 9.8 x 8.88 x 10-12 x 100 X 10-4 

= 
10-8 x 0.04 x 10 6 

V=43mV 

76. d. Initial total energy = ~cy2 + ~Cy2 = Cy2 

Fig. Al.173 

when the switch is open dielectric induced. 
Then capacitance C = K C = 3C 

1 3 
Then energy stored in C = 23CV2 = 2CY2 

Since switch is open so change be same in B so energy 

in B = ~~V2. 
3 1 

So, Total final energy = 2CV2 + "6CV2 

9CV2 + lCy2 10 2 
= = -CV 

6 6 
CV 2 3 

So, Required Ratio = 10 = - = 3 : 5 
_CV2 5 
6 

77. c,CA = 8)..1F, Co =4)JF,Cc =4)..1F, Ceq =4)..1F 
Since band c are parallel and are in series with A 
So, ql = 8 x 6=48)JC, q2 =4 x 6=24I-lC, 
q3=4 x 6=241-lC 

78. c. If V be the potential at D, then 
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Appendix AI: Miscellaneous Assignments and Archives on Chapters 1- 4 AI.53 

---=-
v - Vz C, 

or, CIVI-CIV = C2V - C2V2 

or C, VI + Cz V2 = (C, + Cz)V 

C'c.' ~VI,--+,--"C"-, 1',-,-, or, V = -
C, +Cz 

79. c. Loss of energy 

49 q 
--- = 
4;reo x2 4peo(r x)' 

2 1 
= = 

x (r - x) 

2(r-x)' = x 

2r-2x=x 
2, 

x= 
x 

= ~C [V' + 1"]- ~(2C) [VI + v,]2 85 .•. 
2 I 2 2 2 

= ~ [2V( +2vi - V( - vi -2VIV2] 

c[" ] C , = '4 VI + V2 -2V,V2 = '4(VI- V2) 

so. a. The electric field strength in a parallel-plate capacitor with 
applied voltage of V and separation d is given by, E = Vld. 

81. b. Initially at switch position Q, by conservation of charge, 
the voltage V across the two capacitors is thus given by, 

q = q, + qz = CI V + Cz V = (CI + C2)V 

=> 18=(3+6)V 

=> V=(18j9) = 2V 

82. c. Q3 = 6 (1+~+3) =3~C 

83. d. 

,d~" 
~1 

Fig. A1.174 

C 

A+~'~B 
C'T' gTc

2 

Fig. Al.175 

Charge on positive plate of A = CI VI 
Charge on negative plate of B = -C2 V2 
When d plate is of capacitor C is connected with the 

plate of A, then the total charge of (d, a) plate system will be 
C;, V, (conservation of charge). 

Similarly on (C, S) plates total charge will be -C2 V2 
The total charge on b, g plate system will be 

+C2 V2 - C, VI. 
84. d. Let A be the point, where electric field is zero, which is at 

distance x from 4q. 

14 ~ I . " 
ql4(r x)~4 x 

Fig. A1.176 

C k'BOA 
1 = dj2 

Fig. A1.177 

Co = BoA 
d 

C I and Cz are in series 

d'i . 2k,k2 Equivalent ,e ectrlc constant K = --
kl +k2 

Which is the ratio of capacitor. 

86. c. +q will not charge restoring torque. 

87. d. Max. length of string = .J3 a 

.j3 J.a 
¢=-

eo 

8S. c. Radius of solid sphere of b, having charge enclosed in shell 
of radius q, charge Q 

~~--" 

/ '. . ' . ' . ' , ' :Q : , ' , 
" 

q '. 

Fig. A1.178 

(VI) Potential due to solid sphere at distance r = ~4 1 Q 
;reo r 

Potential inside the spherical shell. 

1 Q 
(vz) = ---

4;reo h 

Then potential due to both 

v = _1_0 (!. +!.) = k8 (!. + ~) 
4rreo q r q b 
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A1.54 Physics for IIT-JEE: Electricity and Mag~etism 

89. b. 

, 
,~p , , 

/ ' / :x 
/ , 

/ ' A.------ ... - --- - - ... B 
+e bIZ 0 bIZ +e 

Fig. A1.179 

2Kex 
E p = --==~ 

( b')'/' x 2 + _ 
4 

For maximum E p 

dEp 
-- = 0 =>x= 
dx 

b 

2./2 
90. a.¢iABCD = - aedunit 

¢iCDEF = - beEo unit 

y 

D' b 

Fig. AI.180 

• 
¢iABEF = beEo + e ! (d + x) dy 

• 
=+beEo+acd+c! xdy 

• 
ca f =+bcEo+acd+b" xdx 

. x y 
[ Smce-+-=l 

b a 
dx -dy 

=>-~ -J 
b a 

= [+bCEo + acd + a~bJ ,unit 

Using Gauss law 
qin abc So 

¢inc! = - => qin = - 2-
eo 

91. h. F3 = k(ab + qd) 

" 
qb+qc ,qd 

~--/ , , , 

, 

(tJ' /(l)' . , . . , 

Fig. A1.181 

F] = F2 = zero 
B 

92. d.!:::.Y'=- !'Eodl= zero 

A 

93. a. Initial charge on capacitor C 
q = CYo 

Fig. A1.182 

When it is connected to uncharged capacitor of capaci
tance x then charge q gets distributed on both capacitors 

Soq =q] +q2 
C(Vo - V) 

orx = 
V 

Hence, choice (a) is correct. 

94. c. Circuit is redrawn as shown in Fig. AU83. Equivalent 
. capacity of combination 

", 

Fig. AI.183 

3 x 6 
"Ceq = -9- = 2flF 

Hence, charge q = Ceq. V 
q =2flF x 30V=60flC 
q = 60 ,C 
Hence, choice c is c.orrect. 

95. h. Energy given out by flash unit 
!:::.H = P x t = 2000 x 0.04, 6.H = 80 J 
Energy of capacitor when fully charged 

1 
=21X40X1O- 6Xy2 

or "2 x 40 X 10-6 X y2 =80 

y2= 2x80 = 4x106 
40x10 6 

V=2x103 =2oo0V 
Hence, choice (b) is correct 

96. d. Circuit is redrawn as shown in Fig. Al.184 
In the circuit 4 flF and 4f.1F capacitors are connected ir 

seri~s. Combination of this is in prallel with If.lF and 2f.tF 
capacitors. 

Hence, Ceq = 5f.tF 

9dh . f 'C eoA 
7. • T e capacitance 0 capaCItor = .-

x 
Charge on capacitor 

soAV t I soAy2 
q =CY = --;U = - qV= - --

x 2 2 x 
d U 1 2 ( 1) dx 

So, dt = "2 soAY - x2 dt 
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Appendix Al: Miscellaneous Assignments and Archives on Chapters 1-4 A1.55 

98. b. 

Fig. A1.184 

= ~£oAy2V (-~) 
2 " 

F b 
. dU 

rom a ove expression - DC 
\ d t x 2 

A~~~B 
~~ 

c 
Fig. A1.18S 

4C 
T XC lIC 

7C +C=T 
3 

99. a. The total charge on each plate will have to b'e same. They 
should also carry opposite charges. 

100. c. There will be two dipoles inclihed to each other at an angle 
of 60°. The dipole moment of each dipole will be q)". The 

'resultant dipole moment 

~ ,/(ql)' + (qlJ' + 2 (ql)(ql) 00' 60' ~.J3 ql 

(
4 3) 1 -Jrrp 1 4 

101. d. E = - - 3 2 = - - (- Jr rp) or E ()( r 
4JT£O r 4JT8o 3 

102. b. Potential V" due to a ring is given by: 

103. d. 

I 
YI =--

4Jr£o 

q q 
~ --x ~ ----

4JT£o -JR2 + 3R2 4JT8o 2R 

I q 
At the centre, Y2 = -4- -

JT80 R 
KE=qO(Y2 _ Y1)= _1_ (qqO) 

4Jr8o 2R 

E ~ _A_ = _ av or {Vb dV = _ {b _ A_ d, 
2Jr8or Br' iVa io 2JT80 r 

Ya - Vb = _A_ log (~) 
21(80 a 

b 
Hence Ya - Yb ex log -. 

a 

104. c. Potentials of the two spheres = ±e/c 
Potential difference = (2e/c) 

2, 
4Jr£or 

orI::!..V=-- ( 

9 
9 2 x 1.6 X to- I 32 

= x lO x = flV 
9 x 10 5 

105. c. A positive charge which is free to move will always move 
from higher to lower potential. ( 

106. d. Y = K [.!. _ !L + ~ - I~ + ... ] 
Xo 2xo 3xo 4xo 

~ ('!..) K [I - ~ + ~ - ~ + .. ] 
Xo 2 3 4 

I q 
~ - - -log2 

4Jr£o Xo 

107. d. The maximum length of the string which can fit into the 
cube -J3a, is equal to its body diagonal. The total charge 
inside the cube is .j3a)", and ·hence the total flux through the 

cube is .j3a),,/£o. 
108. a. Though effective value of g will change but as the time 

period of spring block .system does not depend on g, so time 
period will remain same; Le., T. 

q 40 ' 
109.a,C=Y=20=2F 

C 110 
110. d. C = CoK => K = - = - = 2.20 

Co 50 

'oA 
111. d,C~d 

It is doubled. it becomes (C/2) 

C 
2C = -K 

2 

K ~4 

112. c. On placing this aluminium sheet, it win form two capacitors 
in series. say initial separation is d. 

X d - X 

• I d • 
Fig. A1.186 

C
I 

= BoA, 
x 

'oA 
C2=--

d-x 
foA BoA 
~.~ 

foA BoA - + -
x d - x 

~ __ --;:'o";:AO--;--, 
xed -x) [~+ _1_] 

x d-x 
x + d-x 
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A1.56 Physics for nT-JEE: Electricity and Magnetism 

'oA Ccq = d 
Hence, capacitance remains unchanged. 

113. b. ~CV2 = mass x specific heat x change in temperature 

V2 = 2 x m x s x t::.t. V = j2ms t::.t 
C . C 

114. a. ~ + I R - E = 0 (Applying loop rule) 

!L=3IR'4 I=lmax 
C· 4 
1= Im.xe-tjRC 

[max -I -tjRC 
4 - max e 

t 
log4= RC 

~ t=2RClog2 

t=2· x 4 x 106 x 2.5 X 10-6 x 0.693 

t = 13.86 sec 

Work done is stored in the fonn of potential energy. 

+ 10 J.lF 
~i.j+ ~i --~a.--:O-, 

L-c;Cl-----i'A 
R 

Fig. A1.187 

q' (8 X 10- 18)' 64 x 10-36 
115. a. u = 2C = 2 x 100 x 10 6 = 2 x 10 4 = 32 X 10- 32 

Joule 

116 b _ En"gy _ ,(I:.c/;2)"C,-,V,--' •• Power_ - -- _ -
Time Time 

40 x 10-6 X (3000)2 40 X 10- 6 X 9 x 106 
= = 

. 2x2x10 3 4x10 3 

=9 x 1O=90kW 
117. c. Net dipole moment = .J3 qa 

• = -J3 qa 10"1 - 0"218 = lex 
2'0 

vSqa lO" I - 0"21 = I (2rr)' 
280 T 

T = 2rr 

118. a. For equilibrium 
T = Mg 
AndT = F+mgsin30° 

Fig. A1.188 

::::} Mg = F+ ~g 

m F m E2EOA{k -1) 
"2+8="2+ 2lgd 

m~ 

119. b. The circuit can be redrawn as shown in Fig. A1.244. 
Charge on capacitor 

Fig. A1.189 

EoAE 
Q=CE= - -

d 
Choice (a), (c), and (d) are wrong. 

120. a. Applying W.E. theorem, 
WEfield + Wex1 = t::.K E 

" -q (b -a) + Wex1 = 0 
2'0 

" Wex1 = -q(a - b) 
2'0 

121. b. Equivalent circuit is shown in Fig. A1.186. 

E 

4 3 

4fL 
Fig. A1.190 

B 

Eq 
. . C.2e 2C 2 EoA 

ulvalent at capacitance = = = 
C+2C 3 3 d 

122. b. Initially, charge q' = e V and 
energy stored in capacitor = I/2CV2 

Finally, charge q2 = ex 2 V = 2ev 
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Appendix A1: Miscellaneous Assignments and Archives on Chapters 1-4 A1.57 

123, 

Charge flown through the battery is 

q'=q2-(-q)=3CV 

Energy drawn from battery 

Eb = q' X V' = 3CV x 2V = 6CV2 

Energy stored in capacitor = l/lC (2V)1 => E2 = 2CV2 

Change in potential energy of capacitor = 2CV2t 1/lCV2 

!::.Ec =(3/2) CV2 

Energy lost in heat is 
Ell = 6CV1 - (3/2)CV2 = (9/2)CV 2 

The ratio of Elf / E2 = 9/4 = 2.25 

c. Due to a solid hemispherical charge of 2Q the field will 
'2Q, , 

be -- x -2 along x-axIs. So due to one hemisphere the 
4:rrso d 

component of field along x-direction wi!! be - '- x ~. 
4JTso d 

, Q 
And hence the net field will be more than -- x 2" 

4:rrso d 

N~ 0=, =''---__ to (d,O,O, 

MuLtipLe (orrect 
Answers Type 

Fig. A1.191 

, " 1. b., c. Energy denSity, u = 2EoE 

2. a., b., c., d. Positive charge moves from a region of high 
electric potential to a region of low electric potential, whiie 
for negative charge it reverses. If some charge is present near 
the conductor, then its potential gets affected. -For Fig. AI.192 E = 0 at point P but V is not 

p 
qO 0 Oq 

I-
" 

-!-
" 

-I 
Fig. A1.192 

For Fig. A 1.193, V = 0 at point P but E is not. 

p 
qO 0 O~q 

!-
" 

-I-
" 

-! 
Fig. Al.193 

3. a., b., d. At a center, the force experienced by the charge par
ticle is zero, so it is a position of equilibrium. As we displace 
the charge from the equilibrium position, electric force starts 
acting on it towards equilibrium position and hence equilib
riumis a stable one. 
At a distance x from the center of sphere (equilibrium 
position), force experienced by the charge particle is 

qQx 
F ~ ,[forx<R]. 

4nsoR 
As F ex x, so it performs SHM about the center. 

Time period can be calculated by using F = ma} x 

4. b., c., d. The path traced by q is shown in Fig. A 1.194, the 
path is curvilinear and acceleration is due to the force exerted 
byQonq. 
The separation between them is minimum if relative velocity 
of the particle along the line joining them is zero. Let d be 
the minimum separation between them. As torque about Q 
is zero, so angular momentum remains conserved. 

UD 
mua = mvd ::::} u = d 

111112 mv2 I qQ 
From energy conservation law, -- ~ - 2 + ----

2 4nso d 

Q 

~~~~ q.1II -----r f 
d , 

" " 
,1; 

--- ~--- ---------- ! 

Fig. A1.194 

5. a., c. Since the situation is having symmetry, the par
ticles move symmetrically along the diagonal shown in 
Fig. A1.l95. 
The energy conservation law is to be used. 

i 
21 

I , 
1 

• 

[ 
q' ( , ])'" v- 2+-

- 8n somi, .fi 

6. a.,c. E='54i+74],E=90NC-1 

90 ~ 
9 x 109Q 

(i) 

" 
V =.1800 = 

9 X 109 Q 
(ii) , 

From t'.1uations (i) and (ii), 

• 
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A1.S8 . Physics fo; IIT·JEE:· Elec:t.rk . .it~ and Magnetism 

r=20M, q=.41olC 

(9 - 'xo)1 + (4 - Yo)J 541 + 72J 
Now, ' 20. = .90 

:::} , Xo = -3, Yo = -12 

7. a., b. Electric field lines will be from M to N, so potential 
of N will be less than that ,of M. 

8. b., c.,d. 

9. a., b.,c. i. 

kq . 
V p = - (mdependent of x) ,. 

E= 2Q + ~ => 
2AEo 2AEo 

3Q 
E= --

2AEo 

E = ~JL => Ed = 3Q = V 
2ed 2C 

ii. F= 'E( - Q);F=( 2Q) x (-Q)=_ Q' 
. 2AEo 1 AEo 

Q' 
~F=-· 

Aeo 

.. I , 1 (3 Q )' 9 Q' 
IIi. Energy = 2"80 E Ad == 2"80 2ed Ad = 8 C 

. 2u 2xlO 
10. a., b., c. Time of flight (t) = ...,.---- = -- = 2 sec 

. . g . 10 

u2 . · 102 ' .. 
· H= "':- = ·- ·-=5m 

2g 2x 10 

R=O+-' - ' t =,- x = 10m 
l(qE) 2 t 10- 3 

X 104 
X 2 x 2 

2 m " 2 2 

11. a., c., d. Charge density a~ me outer surface (Fig. Al.196) 

'Q 
- Q 

Q s 
R 

Fig. Al.196 

2Q Q 
= 4n R2 = 2.n= R2 

(i .. 2Q 
, Ei,;sidc : 4 R2' Eou(side= 4 R' 

> n80. n80 

. . Eouiside = .2Einside 
. .' ·1 · q ' , 

12. a., h., c . . V = ._. - - = ~OO ·volt 
, , 4n801' . ' 

And'E' : _1_ 2- = 200' NC- 1 
. 4n8o r2 . ' . . 

V 600 
Hence, - = r = - . = -3 metre 

.. £ · 200 ' 

' NO~, - q-. - = 600; ._. _q_' = Vi 
4n8ot: ', ' 4nEor' 

v' 
-± 

.. '600 = 
r' 

3 

9 

or V' = 200 volt 

W =q (V - V') = W-'(600 - 200) 

=4xlO-4 J 

13. c.,d.rp = 7 +2J+4k)q = 37 -f-2J +k 

Ii, - i,1 = )[(2), + ( 3)'] = vT:l 
As q = 2 x 10- 8 coulomb, hence 

1 q _ 
V = - - -::;- - rp l 

4n80 Irq 

9 x 109 X 2 X 10- 8 

vT:l = 49.9 
13 

volt 

q (rq-rp) 
rp l2 Irq - rp l 

q (2i - ' 3k) rpp 
[By filling a dielectric of dielectric constant K, electric field 

Eo 
gets decreased as E = K and K > I.) 

14. a., c., d. V (x) = 4 + 5x 2 

V(x=1) = 9V 

And V (x =-2) =-24 V 

Hence, !::. V = 15 V 

E=-(t. VI!::.x)= - lOx 
.. E (at x = - 1 m) = 10 NC- 1 

So, F = qE = +10 N (along +ve x-axist 
15. a., b., c. E = -(t.. V I t..x) = -8 - 2ex, 

i.e., E varies linearly with x and is along negative x-direction. 
It is also clear that 8 has got dimensions or units of E, ~.e., 
NC- 1• 

16. a., d. Suppose a positively cha~ged sphere is brought near 
an uncharged metallic sphere. then on nearer surface of the 
uncharged sphere, negative charge is induced and on farther 
surface, positive charge is induced. Hence, a force of attrac
tion will be observed between these two spheres. Therefore, if 
a force of attraction is observed between a positively charged 
sphere and a metallic sphere, it cannot be concluded that the 
metallic sphere is necessarily negatively charged. Therefore, 
option (b) is wrong and options (a) and (d) are correct. 

17. a., b., c. If there is no cxtemal electric field, then the charge 
given to a conducting sphere gets uniformly distributed over 
its surface. Therefore, option (a) is correct. 

If an external electric field exists, then the charge gets 
distributed over the surface of the sphere in such a way that 
the electric field inside the sphere can become equal to zero. 
Hence, distribution of the charge on the surface of sphere will 
be non-uniform . 

Therefore, option (b) is correct. Obviously, option (d) is 
wrong. 

Since electric fie ld inside the conducting sphere is equal 
to zero, therefore, potential difference between two points in 
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Appendix A1: Miscellaneous ASSignments and Archives on Chapters 1- 4 A1.59 

the sphere is equal to zero. It means, the potential is same at 
every point of the sphere. Therefore, option (c) is correct. 

18. a., c. As A and C are earthed, they are connected to each 
other. Hence, 'A + E' and '8 + C' are two capacitors with 
the same potential difference. If B is closer to A than to C, 
then the capacitance CAS> C 8e. The upper surface of B will 
have greater charge than the lower surface. As the force of 
attraction between the plates of a capacitor is proportional to 
Q2, there will be a net upward force on B. This can balance 
its weight. 

19. b.,c.,d. Charge on inner sphere can be supposed to be con
centrated as a point charge at the center, hence electric field 
at a point in the region between the spheres at a distance r 
from the center = (q/4TrEor2). Due to induction, equal and 
opposite charges will appear on th!! inner and outer surfaces 
of the outer sphere. Hence, net charge which can be suppo:~ed 
to be placcd at the center = q and electric field due to it at a 
point outside the hollow sphere, at a distance r from center 
= (q/4Trsor2). 

(., , ') Potential of inner sphere = -q- - + - + -
4TrEo abc 

And potential of outer sphere = -4 q 
TrSOC 

Potential of inner sphere with respect to the outer sphere 

= 4:EO (~-~) 
20. b., d. Potential is same everywhere (#0) inside a uniformly 

charged spherical conductor. 
I.e., f::..V=O 
As E=-(6.VIf::..x) 
Hence, electric field is zero everywhere. 

21. a., c. If positive test charge is displaced along x-axis, thell 
net force will always act in a direction opposite to that of 
displacement and the test charge will always come back to 
its original position. But if test charge is displaced along y
axis, it will never come back to its original position and will 
flyaway along y-axis. 

22. b., c., d. Potential of innermost shell is zero. 

ql + qz + q3 = 0 
I' 2r 31' 

6ql +3q2+2q) = 0 
Similarly, potential on outermost shell is also zero. 

~+q2+q)=0 
31' 3,. 3r 

SOlving equations 0) and (ii), we get 
'Q2 q3 q3 3 

ql=--, -=3and -= --
4 ql q2 4 

.'. Options (b), (c) and (d) are correct. 

(1) 

(ii) 

23. a., b. If the charge is given to a conducting sphere, then an 
electric field is established in the surrounding space. Mag
nitude of electric field is maximum just outside the sphere. 
This maximum electric field may be increased to the dielec
tric strength of the surrounding medium. Therefore, there is 
a limiting value of maximum charge which can be given to 

the conducting sphere. Hence, option (c) is wrong. Obvi
ously, the conducting sphere cannot be charged to a potential 
greater than a certain value. Hence, option (a) is correct. It 
ean be easily said that option (b) is also correct. 

24. b., c. The situation is shown in the Fig. Al 197. 

FsinO 

F 

__ ~===-+FcosO 

Q"",,=-'!..' -----I -- Fsine 
F 

Feose 

Fig. Al.197 

- . PQ 
Fnet = 2F SHl () t= 3 

4Tr Sol" 

i = F cos f} x 2a in clockwise direction 

PQ 
~---

4Tr 80r2 

25. c.,d. Torque will be perpendicular to the line y = 2x and it 
should be in x-y plane, because electric field is in z-direction. 
The lines in options (c) and (d) both are perpendicular to y = 
2x. 

26. a., b., c., d. Points A and B lies within same metal hence 
V,.; = V 8; The potential inside a hollow sphere is same as 
potential at the surface hence V,.; = Vo = Vc = Yo. 

27. b., d. The electric field inside any point ofthe sphere is zero. 
~ ""'-+~~~k 

28. a.,c. EA is along OA and OA = i +2) + 3 
ElJisalong-40B=£+]-1. 

Since DAoB(i + 2] +31.). ci +] - 1.) = 0 

So oAJ. oB => EA 1. En 
So, choice (a) is conecl. 

kq kq 
Since En = IOBI2 = '3 
c _~ =kq 

c - IOCl2 l2 
ElJ ~ -

So - = 4 or IEo l = 41Ecl 
Ec 

So, choice (c) is correct. 
Choice (b) and (d) are wrong from above explanation. 

29. a., d. When capacitors are connected in parallel, initial capac
. . 2~A. . 
ztance IS C = -d-' After the distance between the plates IS 

changed, the capacitance becomes 
EoA soA 

C~--+-- o, 
d+a d-a 

C ~ ----,2:.:"<>;oA'-. 
d - (a 2 /d) 

which is greater than initial one. Hence a. is correct and b. is 
wrong. 

When capacitors are connected in series. 
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A1.60 Physics for IIT-JEE: Electricity and Magnetism 

2d 

C BoA 

After the distance bet-.yeen the plates is changed 

1 d+a d-a 2d 
-= --+--=
C soA soA soA 

That is, the capacitance remains unchanged. Hence d. is 
correct and choice c. is wrong. 

30. a., d. Let q ] and q2 be the instantaneous charges on capaci-
tors. Since they are in parallel, 

q] q2 
- = -andq] +q2 = Q 
C] C2 

C] = toA ,C2 = ~ 
do+vt do-vf 

S 
ql CI do-vt (dO-VI) 

0- =-=~~-,*q2 ~~- +q2=O 
q2 C2 do+vt do+vt 

S
' Q(do+vt) Q(do-vt) 
Oq2 = . andql = 

2do ldo 
Hence, choiCe (a) is correct and choice (b) is wrong. 
. -dql , dq2 . Q V 

.I = -- ot: ------- or I = -
dt ' dt ldo 

whi'ch does not dependS- on time. So choice Cd) is correct and 
choice (c) is wrong. 

1 
31. a., b.,_ c. In position.! Stored energy = "2(EI - E2)2C 

. 1 
In position 2 Stored energy = 2: C Ef 
Additional energy drawn from battery 
!:J.q = EIC - (EI - E2)C = E2C 
So choice (a) is correct. 

'Extra energy drawn from battery 
= EI!:J.q = E IE2C. 
So choice (b) is correct. 
Heat produced = Loss i n stored energy + extra energy 

drawn from battery 
1 2 . 1 2' 1 2 

= "2(E 1 - E2) C- 2: EI C+E IE2C ="2 E2 C. 
Choice (c) is correct and choice (d) is wrong. 

32. a., b., c. 
Sol. When capacitor C is charged to a potential difference of 
Vo, it has a charge qo but when C and Cx are connected by 
closing the switch.s, qo is shared by two capacitors. Let q] 
and q2 be the charged of C_ and Cx then 

qO=ql+q2 
evo = cv + CxV 
orC

x 
= C(Vo- V) 

V 
Hence, (a) is correct. 
Final energy stored 

1 . 1 
VI = "2 CV2 -+ 2" C ... V2 

I 2 I C(VoO - u) 2 
="2 CV +2"--v--V 

1 · . 
VI = 2" C \1l..v~ ~?choice (b) is correct. 

Initial energy' 'stoted 

1 2 
Vj = 2"CVo 

1 1 
Heat generated = Vj - Vj = 2"cvl - "2CVoV 

::::} H= CVo(Vo - V) 
2 

So, choice (c) is correct. 
Choice (d) is wrong which is obvious from above expla

nation. 
33. a., c. Let the length, width and thickness of slab be l, band 

d respectively. K be the dielectric constant of dielectric. 

34. 

Ej"';' !(l- ,,) 
,-t',! , 

" d 

Fig. A1.198 

At time, I length vt of the slab has been pulled out, so 
at this instant the capacitor may be considered as a parallel 
combination of two capacitors as shown. The capacitance of 
combination is 

C_sovtb soKb(l-ut). 
--d-+ d' 

eob 
C=d[ut+K(I-vt) 

eob 
::::} C = d[Kl- (K -1)ut] 

This equation is of straight line, having positive intercept 
and negative slope. Hence choice (a) is correct and choice (b) 
is wrong. 

Since battery is disconnected, so charge on capacitor 
remains constant. 

V=i.orVcx:"!" 
C C 

Hence, current between V and C will be rectangular 
hyperbola. 

So, choice (c) is correct and choice (d) is wrong. 
. 1 eoAV2 

a., c. Initial stored energy Vj = - - -' 
2 x 

1 eoA v:2 
Final stored energy VI = _ 0 

22(x+dx) 

so!!,.V = VI - Vj = ~soAVt [_1_ -~] 
2 x + dx x 

= ~soAVt [Xx;x+~:;J 
=_~ toAvldx = _~ soAVo2 . dx = _ Vdx 

2x2 2xx x 
So, choice (a) is correct and choice 9bO is wrong. 

dU U 
F=--= - -

dx x 
F = _~ soA . Vl = _~ (toA . yo) . Vo = -~qE 

2x x 2 x x 2 

So magnitude of attractive force is ~qE. 
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Appendix A1: Miscellaneous Assignments and Archives on Chapters 1-4 A1.61 

So, choice (c) is correct and choice (d) is wrong. 
I Q I q 

35. a.,c.--- + -- ~O 
41TE:o R 4nEo (Ro VI) 

where is the initial distance of the charged particle. 

Q~ -=-"R2-
q 

_ '* 
Ro - vt 

dQ. Rqv 
-d-t = I = "( R""o"-'-':':;t)"' 

36. a., d. 
Sol. E = al(a = constant) F = Q E 

a = Fjm = QE/m = Es = ast 
d, 

a = - = ast 
dt 

I 
or v = 2ast2v ex sand /2 

Assertion-Reason; n9 
Type 

1. a. Electric field aligns the randomly oriented dipoles in its 
own direction, thus producing some net dipole moment in 
the material. 

2. d. Capacitance increases and electric field decreases. 

3. a. If E = 0 in some region, then potential is same every
where in that region. 

4. d. When an electron and a proton are placed in the same 
unifonn electric field, they experience equal forces but 
different accelerations. Hence, meae = m pap 
Since mpQ" = 1837m~, so Qp < Qe. 

S. c. Where E is high, V may be low. 

6. d. An electrically neutral body means charge on the body 
is zero. A body connected to earth may possess some 
charge. 

7. d. For a non-uniformly charged thin circular ring with net 
zero charge, electric potential at each point on its axis is 
zero. Hence, electric field at each point on its axis must 
be perpendicular to the axis. Therefore, assertion is false 
and reason is true. 

8. a. The electric field due to disk is superposition of electric 
fields due to its constituent rings as given in reason. Asser
tion is true, reason is true; reason is a correct explanation 
for assertion. 

9. a. (Moderate) Electric flux within any closed surface in 
region of uniform field is zero because the total number of 
electric lines of force enteri!lg the closed surface equals 
that leaving the surface. Hence, from Gauss theorem the 
net charge enclosed within such a closed surface is zero. 

10. d. If potential difference across an isolated charged capac
"itor is doubled by doubling separation between plates, the 

energy stored in capacitor from U = f; becomes double 

of previous value. Hence, statement I is false. 

\ 

11. c. From work-energy theorem, 
Final KE. - Initial K.E. = work done by non-uniform 
electric field 
As initial KE. = 0 and final KE. cannot be negative . 
. '. work done by non-uniform electric field on a charged 
particle starting from rest is non-negative. 
Hence, statement I is true. 
Consider a situation in which two point charges +Q are 
fixed some distance apart. At some distance left of e,quilib
rium point 0, a charge +q is released from rest. After the 
charge +q moving towards right crosse.s .O, it experiences 
a force towards left. 
Hence, statement II is false. 

+Q 
• 

fixed 
eharge 

+q 
• • o 

Fig. Al.199 

:, +Q 
• 

". :.' 

12. h. Electric lines of force never 'crdss each other because 
if electric lines of fo rce cross each other, then the electric 
field at the point of intersectioll will have two directions 
simultaneously which is not po~~}b'le:' 

13. a. In a hollow spherical shi~ld· (hollow), the charge is 
present on its surface but charge i~ .zero at every point 
inside the hollow sphere: Hence, the metallic shield in the 
form of a hollow shell may be built. to block an electric 
field. 

14. 

15. 

16. 

17. 

, 
h. When the bob is placed in an electric field, the bob , 
time period of simple pendulum h.avi!).g charged bob is 
decreased because there will be an increase in the restoring 
force. 

a. Earth is a good conductor of very large size. The ca
pacitance of earth is very large. If some charge is given 
to earth or saine charge drawn from earth, it does not af
fect the original potential. Thus, the pOlential of grounded 
object is supposed to be zero. 

a. Free electrons present in the metal arc moving randomly 
in all directions, in absence of electric field. Hence, the 
average velocity of electrons is zero. Because of it the 
current does not flow in the metal in the absence of electric 
field. 

c. If V is the accelerating potential and v is the velocity 
of electron, then 

I 
eV = 2"mv2 Orv ex,JV 

• 

Reason is a false statement, as conditions must be dis
cussed for electron to move on circular path. 
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Al.62 Physics for IlT-JEE: Eleci:ricity and Magnetism 

18. a. We know that surface density of a charge is very large 
on the sharp ends of a conductor. Hence the lightning 
conductor conducts charges of lighting to earth and there 
is no harm to the building. 

19. b. On an equipotential surface, the potential at each point 
is same throughout. 
Let E b~ electric field at a point on an equipotential sur
face. Then, small work done in moving a test charge qo 
through a small displacement along the surface. 

dW =: E· dr =:(qoE) . dr 

Since work in moving a test charge along an equipotential 
surface is always zero, 

(~qoE). dr =0 orE · dr = 0 
Hence, electric field is directed perpendicular to the sur
face . 

20. d. A charged body and an uncharged body can attract 
each other. When such bodies are placed near each other, 
the induced charges of opposite kind are produced on the 
uncharged body. 

. 21. d. The charged particle mayor may not move along an 
electric linc of force. If the charged particle was initially at 
rest, it will move along an electric line of force. In case the 
charged particle has some initial velocity making certain 
angle with a line of force, then its resultant path will not 
be along the line of force. 

22. a. If a body acquires positive charge, then it means it has 
lost a few electrons. In this way, its mass decreases. 

23. c. We know that when a high-energy X -rays beam falls on 
metallic ball, the ball will emit photoelectrons. So, the ball 
will acquire positive charge because of which it will be 
deflected in .the direction of electric field till equilibrium 
is reached. 

24. c. We know that common potential will be between two 
initial values, so it will be less than the potential of one of 
the conductors. Since both have positive charg~, so they 
will repulse each other. 

25. a. A polar molecule has intrinsic dipole momcnt or penna
nent dipole moment, so it is called an electric dipole. In a 
polar molecule, the center of positive and negative charges 
does not coincide with each othcr because of asymmetric 
shape of molecule. 

26. a. It is true that body of a vehicle is charged when the 
vehicle is moving through air at high speed. Because of 
it, the vehicles which arc carrying highly infl<'l11mable 
material have hanging chains, which touch slightly the 
ground. This chain transfers the charge to the ground 
(earth). Hence, there is no harm to the vehicle. 

27. a. The tangent at a point on the electric line of force tells 
the direction of electric field changes from point to point. 
So, the lines of force are curved lines. Further, they are 
continuous curves and cannot have sudden breaks other
wise It will indicate the absence of electric field at the 
breakpoint. 

28. c. If a dielectric slab of dielectric constant K is fi lled in 
between the plates of a condenser while charging it, the 
potential difference between the plates doe.s not change, 
but thc capacity becomes K time. Therefore, 

V' ::;:; V;C'= KC 

Energy stored in the capacitor 

V' = ~ C'VJ2 
2 

~ (KC)(V2) = (~CV2) K = KV 

Thus, energy stored becomes K times. 
Surface charge density, 

, q' C'V' 
cr = -=--

A A 
KCV q 
--=K-=Kcr 

A A 

29. h. The capacitance of a capacitor 

KeoA K 
C~ --<X 

d d 

d 

x..l.-= 1 
3K 6 

C] K] dz K 
Hence,-= - x- ~ 

C2 d] K2 d 
or C2 = 6C] 
A' . f . C Q gam, capacity a a capacitor = V 
Therefore, capacity of a capacitor does not depend upon 
the nature of the material. 

30. c. In series combination, 

1 1 I 1 
-=- +-+ 
Cs C ] C2 C3 

In parallel combination, Cp = C I + C2 + C3 
Thus, it is obvious that Cp > Cs. 

31. b. If the medium of dielectric constant K is filled in be
tween the plates of a condenser after removing the con
nection of battery from the plates of the condenser, then 
capacitance increases K times. Also, the potential energy 

I . 
reduces to K times. 

32. h. The total energy stored in series combination of ca
pacitors is the sum of energies stored in the individual 
capacitors, i.e., U = UI + U2 + U3 + .... It is also true 
that energy is a scalar quantity. 

33. d. From the relation, 

where, t is the thickness of dielectric and K = 00. If the 
capacitor is tilled completely with a metallic slab, then 
thickness becomes equal to the distance between plates 
Le., t = d. Hence C will be equal to infinity. It means 
that when a capacitor is filled completely with metal, the 
capacitor will be short circuited. Hence, it cannot work as 
a capacitor. 
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Appendix Al: Miscellaneous Assignments and Archives on Ch~pters 1-4 Al.63 

34. b. A capacitor does not discharge itself. In case the capac
itor is connected in a circuit containing a source of high 
voltage, the capacitor charges itself to a very high poten
tial. So, if a person handles it without discharging, he may 
get a severe shock. 
Dielectrics and insulators are the same. 

35. d. Potential at the surface of metallic sphere is given by 
I q 

V = -- - (Here, r = 1 cm =10-2 m, q = I C) 
4Jr€o r 

I 
V = 9 X 109 X -- or V = 9 X 1011 V 

10- 2 

Now, this large potential will ionise the air surrounding 
the metallic sphere, therefore the charge will leak away. 

Statement II follows from relation Q = C V, 
i.e., electric charge = capacitance x electric potential. 

36. p. The capacitance of parallel plate capacitor is given by, 
'oA 

C=T 

where A is area of the plates and d is the distance between 
plates. 

C' 
Hence, C = 

'oA 

d =2 => C' =2C 

('r) 
When a dielectric of dielectric constant K is introduced 
in between the plates, then the capacitance 

. K, 
C= - _o => CC(K 

d 
i.e., C depends on induced dielectric constant. 

37. d. The total charge on each plate will have the charge in 
same quantity, as charge is independent of area. But the 
charge will .be of opposite n~ture. 

38. c. When an electric field is applied to the dielectric, each 
molecule of dielectric gets polarised, i.e., centers of grav
ity of positive and negative charges get displaced from 
each other. On the left face, a net negative charges - qi 
appears. Thus, electric dipoles are produced inside. This 
is the dielectric polarization. 

39. b. When a glass sheet is introduced between the plates 
of a condenser, then capacitance will increase. Since no 
battery connection is made, so charge will remain same. 

Hence, from the relation V = ~ or V C( ~,potential de
creases. 

40. c. The capacitance of a spherical conductor of radius r is 
given by C = 4Jrsor. 
The radius of spherical conductor having capacitance 1 F 
is given by 

r = ~ = 1 x 9 X 109 = 9 X 109 m = 9 x 106 km 
4Jrso 

Since one cannot have a spherical conductor of such a big 
radius, even greater than emth, so it is not possible to make 
a spherical capacitance of 1 F and earth itself cannot have 
capacitance of I F. 

41. 

42. 

43. 

44. 

b. Torque acting on the dip~le is also zero when it is op
positely directed w.r.t. electric. field. 

. p " 
c. In a medIUm, F,,, = -

K . . . 
From above expression, it is quite' elear that greater the 
value of K smaller is the force between the two charges. 
Electric dipole moment is directly ·pf{)po.rti0n~1 to dielec
tric constant. 

c. We know that for an electric dipole; 

I (2P) . Eaxial = -- ""3 af!d Ecqualorial = 4m,0 r . .. 4:S0 (~) 
Eaxial . . . 

Hence, -2- = EcquaWrial 

E 
or Ecqu310rial = "2 
Reason is false as electric fielddl.le to dipole varies in

versely as cube of distance, i.e., E <X ~. , 
a. Magnetic field acting on particle is given by 

F=q(vxB) 

Power associated with force P == Ev = 0 
(Since F is perpendicular to v) 
Magnetic force does no work- and hence K.E. remains 
constant. But force acts so momentum ch"nges. S'o both 
assertion and reason are true and Reason gives explanation 
for assertion. 

45. b. Statement I and Statement II are true statements but 
Statement II do not explain Statement 1. 

Comprehension 
Type 

For Problems 1-3 

1. a., 2. c., 3. b. 

, .' .... 
~ ".' '.",',.. .,. 

~ ,'. 

Sol. ¢= qcn = ql +q2+q3 
eo So " 

(+3.1 x 10-9 - ' 5.9 ·x 1O-.~ - 3:1 x 10-9) 

8.85 ·x 10 12 

2. c. By replacing the plastiC plate with Aluminium plate of 
same dimensions, the charge density (i.e., 0") does not get 
affected. Heilce, electric field will remain constant. 

3. b. Due to induction, some positive charge will lie within 
Gaussian surface drawn and hence flux bl.comes positive. 
For Problems 4-7 

4. a., 5. b., 6. c., 7. a. 
Sol. 2[m18 - BJ +m28 = 0 

2 [V PHc8 - V Pairg] ::= - m2g 

-m2 
V = '2~[~p-HO-~P~'--;ir] 

10-3 3 
=-- m . 2· 
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Al.64 Phl'sics for IIT-JEE: Electricity and Magnetism 

kq2 9 X 109 X q2 
TcosB= -;:r-;T(0.6)= (1.2)2 (i) 

. m2g l.l x 10-3 X 10 
T smB = 2; T (O.8) = 2 (ii) 

From (i) and (ii), 

0.6 9 x 109 X q2 2 
-~ x 
0.8 (1.2)2 l.l x 10 3 X 10 

::::} q=8.12xlO-7 C=O.8jlC 

9 x 109 X q2 
and T = (1.2)2 x (0.6) = 6.875 x 10-

3 
N 

Also, T sinB = 5.5 x 10-3 N 

For Problems 8--10 

8. c. From Fig. A1.200 

Sol. , 
,D -----------+--300 , 

Fig. AI.200 

, , , , , , 
B 

VA - VB = VA - VD = E AD 

-fj 
= E AS cos 300 = E202: = 3E 

9. b. Vc - VB = VF - VB = E (BF) (Fig. A1.201) 

60
0 1 

=-E(BC) cos =-Ex4x-=-2E 
. 2 

, , 
60° : 

c 

---- ------- r-B F, 

Fig. AI.201 

10. d. WeI = q (VA - Vc) 
=q (VA - VB) + (VB - Vc) = q (3E+2E)=5qE 

For Problems 11-13 

11. c., 12. c., 13. a. 
dV 

Sol.E = --=-4x 
dx 

12. c. F = qE = 2.5 x 1O-6(-4x) = -1O-~ x 

o 0 

W=! FdX=-10- 5!XdX , , 
_mv2 = 1O-~ - :;.. V = 2 ms- I 1 [X']' 
2 2 0 

13. a. F = _10- 5 x 
rna = -10-~ x =} 10 x 1O-6a = -1O-~ x 
=} a = -x 

u} = 1, tv = 1 rad.::::} T = 

For Problems 14-17 

2n 2Jf 
- ~-=2lTS w , 

14. c., 15. a., 16. c., 17. b. 

Sol. Since Q = + 8 jlC, if q is a positive charge, resultant 
force on it due to Q at A and Q at B wi!! be along positive 
Y -axis and it would move away along Y-axis. But the charge 
q here is observed to oscillate. This is possible only if q is a 
negative charge so that resultant force on it due to Q at A and 
Qat B is towards O. Under the action of this force, q moves 
towards 0, crosses 0 and as it is moving along negative Y 
direction, resultant force on it will again be towards O. This 
force retards the motion of q along negative Y-axis. It comes 
to rest at some point and then moves back towards 0 and so 
on (Fig. A 1.202). 

y 
, 
t q , 
10. ! m , , 

Q ' Q 
.-- ------J--------~ __ _ x 
A 0 B 

(- 2m, 0) (2m, '0) 
1<4-(2m)--+I+-(2m)-t>l 

Fig. Al.202 

Force applied by Q on q has a magnitude 

F~ -'- Qq 
4neo y2 + a2 

Force applied by Q at A on q can be resolved into rectan
gular components: F cos () and F sin (). Similarly, force ap
plied by Q at B on q can be resolved into components: F cos 
Band F sin (}, F sin () components of the two forces balance 
each other so that the net force on q is 2F cos B towards O. 

FsiIlO+---~=---.. Fsin8 , , 
Fsin8 

Fsin8 

y '"' O.!m A ___________ __ ___ ___ _ B 

Q 0 Q 

l+--o '"' 2m "I_ a'"'2m:""""'1 

Fig. A1.203 

, Qq 
.'.Netforceonq,F" =2

4 
2 2COS() 

lTEO Y + a 
'2Qq Y 1 2Qqy 

F,,= = (I) 
4nEo y2 + a2 (y2 + a2)1/2 4neo {y2 + a2)3/2 

Fory «a, 
2Qqy 

net force on q, F" = ----- (2) 
4nso a3 

Here, Q = 81lC = 8 x 10-6 C 
At t = 0, q is at y = 0.1 m, Obviously y < a ( = 2 m). 
Since the motion is simple harmonic, we can us'e the 
approximation y < < a so that net force, from equation (2), 
will be proportional to displacement (y) . Initially, Le" at 
y = 0 m, forceonq is 9 x 10- 3 N. 
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Appendix At: Miscellaneous Assignments and Archives on Chapters 1-4 A1.65 

Using equation (i). 

9 x 10-3 = (9 109)2(8 x 1O- 6)q(0.1) 
x (2)3 

=} q = 5 X 1O-6C = 5 !-Ie 

This, in fact, is the magnitude of q. We know that q. as 
explained earlier, is a negative charge. Hence, q = -5 !-IC. 

So, correct option is (c). . 

At t = 0, q is released at a point 0.1 m from 0 on Y-axis. As it 
oscillates, its other extreme position will be 0.1 III from 0 on 
the negative Y-axis, assuming undamped simple hannonic 
motion. Hence, amplitude of oscillations is 0.1 m or 10 cm. 

So, correct option is (a). 
From Fig. AI.203, 

where 

F" = 
_ 1_2Qqy ~ky 
4:rrso a3 

1 2Qq 
k~ ----

4:rr eo a3 

Thus, F" 6< y 
We also know that Fn always acts towards 0 (mean .. fm 

position). Time period of resulting SHM will be T = 2:rr V k 

. 1 If or frequency = - -
211 III 

1 
f~-

2rr 

f ~ (2 x 3.14) 

2Qq 

9 (2)(8 x 10- 6)(5 x 10-6) _ 
(9xI0) (91xI0 6)(2)3 -5 

[m = 91 mg = 91 X 10-6 kg] 
Thus, the' correct option is (c). 

• , I' 

In SHM, equation of displacement from mean position can 
be expressed as y = a sin (WI + ¢) . 

Here, a =0.1 m; w = 211f = 211 X 5 = 1O:rr 

y=0.Isin(10:rrt+¢) 

But at 1= 0, Y = 0.1 (given) 
Hence, 0.1 =O.lsin¢orsin¢ = 1 

rr 
::::} ¢ = 2'; y = 0.1 sin (lO:rrt + n12) 

Thus, the correct option is (b). 

For Problems 18-21 

. 18. d., 19. a., 20. c., 21. c. 

Sol. The two particles move in different circles (Fig. Al.204) 
The ' mutual interaction force provides the required 

centripetal force to the particle. As magnitude of the 
interaction force is same, 

, , 
mlv1 1112V2 FI2 = - - and F21 = 

rl /'2 

2Q -Q 

-+--> E 

Fig. A1.204 

Putting values, we get r2 = 2 rl 

Also, rl + r2 = 12 x 10-12111 (given) 

rl = 4 x 10- 12 m;r2 = 8 x 10- 12 m 

. v2 (10 3)2 
Acceleration of first particle = .--l = 0 12) 

rl (4 x 1 

= 2.5 X 1015 ms-2 

19. a. Acceleration of second particle is 

v! = (2 x 10
3

)2 = 5 X 1015 ms-2 
r2 (8 x 10 12) 

20. c. Just after release, VCM = 
mlVI + '1II2V2 

1111 +1112 

(2 x 10-3°)(0) + (10-3°)(2 x 103) 2 = = - x 103 ms -1 
3xlO 3o 3 

21. c. From Fig. AI.205 

Fig. Al.205 

Since the distance between them always remains 
constant but they move with different velocities, therefore 
they must move in different circles with common center as 
shown in the Fig. AI.205. 

For Problems 22-23 

22. b., 23. d. 
Sol. Charge on capacitors eland C2 before closing the 
switch S (Fig. A1.206), ' 

qo = (c~~C~J e 

Aft~r closing S, charge in C2 (final charge) 

q2 = C2E 

q, 
In loopABDEFGA, E - - - E = 0 =} ql = 0 , 
Final charge on CI, ql = 0 
To make final charge in C I, the charge qo will flow 

towards battery. 
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At.66 Physics for IlT-JEE: Electricity and Magnetism 

Hence, charge flown towards direction 2, 

~q2 = - (c~~~J E 

To make charge on capacitor C2 to final value q2, the 
charge flow into capacitor 

~q = C28 - C C1 C~ 8 = C28 [1 - C1 C ] 
j + 2 Cl + 2 

c', !>.q - , 
B-

C1
+

C2 

At junction F, 

c" ~ql = ~q - ~q2 == [C2 + Cll = C28 
C1 +C2 

Hence, charge flown in the direction of I = ~q = C28 

Alternate Method: (Fig. AI.207) 

(qo+~ql ) -'+, --0 In loop ABDEG, 
C, 

c1c2i 
C1 +C2 

(qo + llqd 
In loop BFEDB, - + 8 = 0 

C, 

E 

Ilq2 Bt.Q1 C1 Ilql 

q l~q21:q ll 

. rq. r: 
Ilq2 F IlQ] 

Fig. Al.207 

At junction F, I'!.q2 = llq l - llql = -qo - (C28 - qo) 

== - C28 

Hence charge flow, in the direction of: 

(l) = _ C1C28 

C] +C2 

For Problems 24-26 

24. a., 25. b., 26. d. 

(2) = C28 

Sol. Before earthing charge on each capacitor (Fig. AI.20S), 

6 
qo=120 x '5 

qo= 24 x 6 = 144).1C 

B 

+60J 

, 
• D 

1 C1=21lF 

Ii fl
q, 

A e-120Y E Il 3 
• q, 

"" T C,~3"' T -=- -60V K 

. 1 N 2 M 

Fig. AI .20S 

After earthing, 

Path ABDE 0 + 60 _ (qO + ~qJl = 0 
• 2 

llq] = 120 - qo = 241lC 

Path ANME 0 _ 60 + (qO + ~q2) = 0 
• 3 

~q2 = 180 - qo = 36).1C 

At junction E, I'!.q j + I'!.q) = ~q2 

I'!.q3 = llq2 - llq l = 36 + 24 = 60 ).Ie 
Hence, the charge flown in the direction 

(1) ~ -24 ~C 

(2) ~ - 36 ~C 

(3) ~ + 60 ~C 

For Problems 27-28 

27. c., 28. b. 

Sol. Concentric cylindrical electrodes will produce radial 
electric field. As ion is entering at 0 and leaving at E, hence 
the path followed by ion should be circular and centered at 
A. Required centripetal force should be provided by force 
on the ion due to electric field. 

mv' 
Hence, qE = R =} 

mv' 
E~ 

qR 
As final velocity illong x-axis becomes zero and finally 

the ion starts moving towards y direction, hence the electric 
field should have component towards x- and y-directions 
respectively. 
Fot' x-component of electric field (using v; = u; + 2ax llx): 

o = v2 _ 2 ( q !x) R =} Ex = ;qV; 
For y-component of electric field (again using 
v~ = u~ +2a ~y) 

v2 =0+2(Q!Y) R =} 

Hence, net electric field is 

4 mv2 " IIlV2 ~ mv2 " ~ 
E=- - i +- j = - (--'-i+J) 

2qR 2qR 2qR 
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Appendix A1: Miscellaneous Assignments and Archives on Chapters 1-4 A1.67 

For Problems 29-31 

29. d., 30. b., 31. d. 
Sol. Plates 2 and 3 are joined together and they are neither 
connected to any of the terminals of the battery nor to any 
other source of charge. So, they jointly form an isolated 
system. 

30. b. Before closing the switches, charges are shown in 
figure below. 

After closing the switch, let q charge goes from battery. 
Then, charge on each will increase by q. 

200 V 

Fig. A1.209 

Applying Kirchhoff's Voltage Law, 

200- COO
6+

q
) - (150

3
+q

) ~O 

===? q = 100 flC 

So, charge on 6 flF capacitor will be 700 ).Ie and 3 flF 
capacitor will be 250 flC. 

200 V 

Fig. A1.210 

Hence, option (b) is correct. 

31. d. From all the switches, I ()() flC of charge will flow. 
For Problems 32-35 

32. a., 33. b., 34. d., 35. d. 

Sol. Let capacitance of A is C1 and that of B is C2. Both are 
with air. 

Given C 1 = 2C2 
Before insertion of dielectric: 

2 
Ceql = 3" C2 

.. 6C2 3 
After msertlOn: Ceq! = 6 = -C2 

CI + C2 2 

1 , 
I::!..V = 2(C~q2 - Ceqd V . 

1.2 X 10-4 = ~ [~C2 - ~ C2] (12)2 

C2 =2x20-6, F =2flF 

Now before insertion of dielectric (Fig. A 1.211): 

Fig. A1.211 

2 x 12 
V2 = -- =8V 

2+ 1 

1 
Energy in B = VI = -C2V22 = 64 x 10-6 J . 2 
After insertion of dielectric (Fig. AI.2I2): 

2 x 12 
V4 =--=3V 

2+6 

1 
Energy in B = V2 = 26C2V2 = 54 X 10-6 J 

Decrease in energy= VI - V2 = 10-5 J 
33. b. Since dielectric is removed after disconnecting the 
battery, so charge on it.will remain same. 

Work done in removing the dielectric = change in energy of B 

Q' 
2C, 

Q' 
,,-"7co- = 2.7 x 10-4 J 
2 X 6C2 

34. d. Before connecting as in situation (ii), both capacitors 
will CU\Ty equal charge. They will get neutralised on connect· 
ing as in (i). So, nct charge on any capacitor will become zero. 
Hence, final electrical energy stored on them will be zero. 

35. a. Charges acquired by capacitors after the whole 
process described is completed (Fig. Al.213). 

q, 

,-----"1+ . A 

B 

Fig. A1.213 

v, 
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Al.68 Physics for IIT-JEE: Electricity and Magnetism 

3 
Q = 2"C2 x 12 = 36 x 10-6 C 

For situation (ii), let q ] and q2 are the final charges. Vo 
is common potential. 

q, 
Yo= -= C, 

Final electric energy 

= ~ [qf + qi 1 = 432 X 10-6 J = 4.3 X 10- 4 J 
2 C] C2 

For Problems 36-38 

36. a., 37. a., 38. b. 

36. a. System is equivalent to two capacitors 

or 

or 

or 

KsoA soA 
C] = --,C2=--

t d - t 

Since both are connected in series, so 

1 lit (d - t) 
- =-+-= - -+--
C C1 C2 KsoA ' soA 

t + Kd-Kt K(d - t) + t 
KsoA 

KsoA 
C ~ -;;K'7(d:;--'';c;t)--;+--;, 

'oA 
C = t 

(d - t) + K 

'oA 
C~--t 

d --
2 

KsoA 

'oA , 
(d - t) + -

2 

." A 
37. a. According to question', ~ = 

d - -

3 soA . 

2 d 
2 

Solving, we get ~ = ~ 
38. b. If ch~ge q on the capacitor remains unchanged, then 

I q2 ' q2 
Vi = 2" C

a
' Vf = 2Ccq 

V; Ceq d3 
or-~ - = -=-

Vf Ca t 2 

For Problems 39-43 

39. a., 40. d., 41. b., 42. d., 43. c. 
Sol. The charge distribution on various surfaces is as shown 
in the following figure. -q] on the surface of Cavity 1 will 
spread uniformly if q] is at the center. otherwise the distribu
tion would be non-uniform. Same is the case with -q2. 

The charge appearing on outer surface of the conductor 
is q] + q2 + Q which would be non-uniformly distributed as 
radius of curvature at various points of conductor's surface 
is different. The presence of q] and q2 (and their location) 

- g, 
~ji • ·)t 

" qlJ 

Fig. AI.2I4 

have no effect on the distribution of charge on outer surface. 
The presence of q will change the distribution of charge on 
outer surface, but still it remains non-uniform. • 

40. d. Electric field intensity outside the cavity due to q] 
and -q l would be zero. 

E_q1 + E _ql = 0 
4 4 q] 
E_q1 = - Eql = ---2 towards center of Cavity 1. 

4n8or 
41. b. E inside the conductor due to outside charges = 0 

Eq + Eql +q2+Q = 0 

=> Eq1+<n+Q = - Eq 

=~' towardsq. 
4nsor 

42. d. If q2 is at point Q, then induced charge - q2 would be 

non-uniformly distributed. So, ~e cannot determine E due 
to -q2 at any inside point. 

43.c. 
Sol. Potential at point Q = Potential of conductor + Potential 

due (0 q2 + Potential due to-q2 

= Yo+-- + -- ~-- --- + Yo 
q2 -q2 q2 (I I) 

4nsor2 4nsOr2 4nso r2 r2 . 

For Problems 44-47 
44. b., 45. d., 46. c., 47. b. 

Sol. Let the charge distribution be as shown in Fig. Al.215. 

g. 

Fig. A1.2IS 

From Gauss's theorem, we know that facing surfaces of 
the conductor acquire equal and opposite charges. 

i.e., VI = Y3 and V2 = V4 

r 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



Appendix A1: Miscellaneous Assignments and Arch,ives on Chapters 1-4 A1.59 

Now, 

ql +q3 -q2 = +4Q 

q2 - ql + q4 - q3 = - 6Q 

v ~ _1_ [~ + q2 - ql + q3 - q2 + q4 - q3] 
I 4rr8o R 2R 3R 4R 

_1_ [~+ q2 - ql + q3 - q2 + q4 - q3] 
4rr80 2R 2R 3R 4R 

_1_ [~+ q2 - ql + q3 - q2 + q4 - q3] 
411'80 3R 3R 3R 4R 

_1_ [~+ q2 - ql + q3 - q2 + q4 - q3] 
4lT80 4R 4R 3R 4R 

q2 
From VI = V3, ql = --. 3 

q3 
From V2 = V4, q2 = -"2 

On solving equation (2), ql = 

IZQ 
q3= - -

5 

(i) 

(ii) 

,nd 

Substituting these values in equation (ii), q4 = - 2Q 
44. b. Charge on the inner surface of yd conductor 

6Q 
= -q2 = -

5 
45. d. Charge on 4th conductor · 

IZQ - Z2Q 
=q4 - q3= - 2Q - -- ~ --

5 5 

-3Q 
46. c. Potential of conductor 1. VI = 0 = V3 

4 lTsoR 
Q 

47. b. Potential of conductor 2, V2 = -- = V4 
8rrsoR 

For Problems 48-51 

48. b., 49. a., 50. c., 51. d. 

Sol. Inner wall is negatively charged, so it is at a lower 
potential (Fig. Al.216). 

-(1 +(1 

'(' 

't ,~ , ' 
( 

:;:- , { .~ 
wall I' ' wall -d 

Fig. A1.216 

. V 
49. a. Are~ of cell wallis, A = d ::} 

E~ 

- -50. c.dV = - E ·dr 

1 
51. d. V = "2so E2x volume 

V = ~(5s0) [."...-]2 x 10-15 J = 
2 Seo 

For Problems 52-53 

52. b., 53. a. 

.2 
- X 10- 16 J 
'0 

Sol. Charge on the plate of capacitor is (Fig. AI.217), 

'oA 
Q=CV=d x V 

r+-Q--' '-'-'-' 1 __ .::;Q(I-II10 
I, 
i-::Q=====+=Q(::i1 -11K) 

Fig. A1.217 

From Gauss's theory, for surface I EI (Electric field 

between plates and dielectric slab) = ~ = ~ 
~oA d 

EI V , 
53. a. Inside the dielectric, E2 = K ~ 

Kd 
For Problems 54-55 

54. c.,:55. c. 

Sol. This can be treated as a system of two capacitors in 
series (Fig. AI.2IS), 

f :=1 = 
l~' = .1-

Fig .. AI.21.S 

CICI 
Ceq = CI+C2 

" ,,, 

. 2soA 
where C1 =C2= d 

55. c. Initially, charge supplied by battery, qi = S:A :~ , 
. 2soA 2soAV 

After shortmg, Ceq = - d- ' so qj = --d-
soAV 

So, extra charge flown = q j - qi = it 

For Problems 56-58 

56. a., 57. d., 58. c. 
sod soA 

SOI.Ci= - ,Cj=--
x x +dx 

C;V2 CjV2 
Vi= -Z-, V j = -2-

dU=Uj - Vi = SOAV2 [_1 __ ~] 
2 x+dx x 

eoAV2 dx 
~ --2- X x 2 [x » dx] 
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A1.70 Physics for IIT-JEE: Electricity and Magnetism 

57. d. q; = C;V, qf = CfV 
So, required charge, q = q f - q; 

~'oAV [_1- -~l 
x +dx x 

coAV dx 

x' 
Negative sign implies that charge is entering into the battery 
from its positive terminal. 

Work done by battery = qv = 

58. c. From work-energy theorem 

dK = 0 = Wd + WCX{ + Wb311cry 

€OAV2 dx 
WC{=-2-x~ 

For Problems 59-61 

59. b., 60. b., 61. b. 

Sol. The electrostatic force generated by an electric field E 
on a point charge q is always 

F=qE 
No matter what object generates that electdc field. 

Think of the mystery object as creating an dectIic field, 
which then pushes on q. If we know the field, we need not 
know what kind of object created the field. 

60. b. As discussed in previous problem, the data indicate an 
inverse square relationship, doubling the distance decreases 
the field by a factor of 4. Only graph (d) captures this insight. 
Graph (c) represents a regular inverse proportionality, in 
which doubling the distance cuts the field in half. 

2kpcose . 
61. b. According to the formula E = d

3 
' doubhng 

the distance from the dipole decreases the field by a factor 
23 = 8. (Mathematically, that is because doubling d increases 
the denominator by 8). By similar reasoning, doubling the 
dipole moment p, increases the field by a factor of 2. So, 
when we "turn on" both of these effects at once, the field 
decreases by a factor of 4. 

If this quick and dirty reasoning does not make sense, 
you can reason in steps as follows. Suppose the electric field 
has strength Eo. First, we double p. This increases the field 
strength to 2f.o. Next, we double d. This decreases the field 

2Eo Eo 
by a factor of 8, to - 8- = ""4' The order of the steps makes 

no difference, you get the same answer either way. Therefore, 
this step by step reasoning works even, in real life, the dipole 
moment and the distance get doubled simultaneously. 
For Problems 62-63 

62. a., 63. d. 

S 
BE . 

01. - is not zero, It means Ey may change, as we move ax 
along x-axis. So, -q and +q may find different forces along 
y-axis, hence net force on dipole may be along y-axis 
(Fig. AI.219).· 

y 

+q 
----r-~-r--T~~., q p 

Fig. A1.219 

Obviously, forces along y-axis will rotate the dipole in 
x-y plane, producing torque along z-axis. 
For Problems 64--65 

64. c., 65. a. 

Sol. Given, 2l = 2 cm = 2 x 10-2 m (Fig. AI.220) 

() = 60°, E = 105 NC- I , r = 8y'3 Nm 

=> r =pEsine 

=> 8y'3=(q2l)Esin8 , 

=> q = 8 X 10-3 C = 8 mC 

8 

• 
Fig. A1.220 

Potential energy of dipole U = - pE 
U = -pEcose = -q x 2[ x Ecose 

=> U = -8 J 
For Problems 66-67 

66. a., 67. c. 
Sol. Electric field at P is (Fig. AI.221) 

+q -q CD +q £{ P 
0----::----0--=--0- - - - - - - - - +------0------+ 

CD - q £2 

1+-<1--+1+-<1 --+l 
"14---------'·----+l~ I 

Fig. A1.221 

1 2P2 I 2Pl 
E ~ -4n-,-0 (r _ a /2)3 - 4- n-,-o 7,,_+2,,"'/"'2")' 

~ _I -2qa [ 
4rr€0 (r 

III 
(12)3 - (I' + (12)3 

E--- --1 (6Q
"') 

- 4rr€0 1'4 

Calculation of electric potential (Fig. Al.222): 

V ~ _ 1_ Ecos e 

4rr€0 1'2 
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Appendix A1: Miscellaneous Assignments and Archives on Chapters 1-4 A1.71 

-q 'q 

Fig. Al.222 

+ q CD -q-q CD + q P 
O------I-----C:O-~-____O - - - - - - - - • 

~r-af2-+l 

101 ,.+ af2 "I 

Fig. A1.223 

V_I 2pa 
p - 47t8o 7 

For Problems 68-71 

68. a., 69. b., 70. a., 71. c. 
Sol. Since the field is unifonn, the forces on the two charges 
are equal and opposite, and the total force is zero. 

The magnitude p of the electric dipole moment p is 

p = qd = 1.6 x 10- 19 x 0.125 X 10- 9 

=2.0x 10- 29 Cm 

The'direction of p is from the negative to the positive charge, 
1450 clockwise from the electric field direction (as shown in 
Fig. A 1.224). 

• 
- -q 

145" 
> +~ +q 

• 
(,) 

(b) 

Fig. Al.224 

The magnitude of the torque is 

r = q E sin ¢ = (2.0 x 1O-29 C)(5.0 x 105 NC- I ) 

sin(l80° - 3T) = 6.0 x lO- l4Nm 

From the right-hand rule for vector products, the direction of 
the torque i = P x E is out of the page. This corresponds 
to a counterclockwise torque that tends to align p with E. 

The potential energy is 

U = -pEcos¢ 

= -(2.0 x 1O-29Cm)(5.0 x 105 Nc-1) cos(l80° - 3T) 

= 8.0 x 10-24 J 

For Problems 72-73 

72. d., 73. b. 
Sol. Conserving energy (Fig. AI.22S), 

(-pE)initial + (K E)inilial = const"nt 

, , 
q?>----

, , , , , , , , , , , , , , , , 
q ~/.<. ===;==="-.r+-'>I ----~

d 

Fig. Al.225 

1F1_ldU I~ ~!... (~) 
- dx 47t8o dx xl 

= --.!!!L (_2x- 3 ) = J!!L ~ 
47t800 27t8o x 3 

pq 
Force on dipole IFI = 2%80 d3 
For Problems 74-75 

74. c., 75. b. 

Sol. Net charge on the rod is zero, so the net force will also 
be zero. Location of charge will not matter as the electric 
field produced by a large sheet is unifoml. 

I 

75. b. T = 2 / ()"dx E) xsinO 

o 

• 
• 
• 
• 
+ 
+ 

• 
• 
a 

2£0 

• ., 
• , d, 

E , 
+ , 

Fig. Al.226 

I 

xdx =-f ~a .. A~I~' .::":::' "ceO 
2£0 

o 
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Al.72 Physics for IIT-JEE: Electricity and Magnetism 

For Problems 76--78 

76. b., 77. c., 78. d. 

Sol. Field inside the conductor is zero. 
77. c. Charge distribution is shown in Fig. A 1.227. 

Fig. Al.227 

78.d. (Q-q)3d = qd 
eoA eoA 

Fig. A1.228 

3Q 
::::} q =-

4 
For Problems 79-81 

79. b., 80. b., 81. d. 

Sol. 
Q 

Fig. Al.229 

Q Q 
ql = ~3 and q2 = 3 

Q 
80. b. VA = k [~; + 2~ + I~RJ = l61! eoR 

81. d. VB = k [ ~~ + 2~ + I~R ] = 04,c8~'-';'-o"R 
For Problems 82-84 

82. d., 83. b., 84. 84. d. 

Sol. Plate 2 and 3 are joined together and they are neither con
nected to any of the terminals of the battery nor to any nther 
source of charge. So, they jointly form an isolated system. 

83. b. Before closing the switches, charges arc shown in 
Fig. AI.230. After closing the switch, let q charge goes from 
battery. Then charge on each will increase by q. 

6IJ.F 3IJ.F 

r:J f=--:i::' --'I i'j 
\OO I1 F S2 150 ~IF \ 

1 s, Ills, 
200V 

Fig.AL230 

200V 

Fig. AL231 

Applying Kirchoff's Voltage Law 

200 ~ ( 600t Q
) ~ C50

3+:) = 0 

Or q ::: IOOIlC. 
So, charge on 6 IlF capacitor will be 70 IlC and 3 /.IF 

capacitor will be 250 1lC. 
Hence, choice (b) is correct. 

84. d. From all the switches 100!JC of charge will flow. ' 
For Problems 85-87 

85. a., 86. b., 87. b. 
Sol. When oil is, pumped out then plates act as air capacitor 
between which electric field is more than electric field 
in dielectric capacitor. So choice ea) is correct and other 
choices are wrong. 
86. b. Since charged capacitor is isolated, hence, charge is 
conserved. So, choice (b) is correct and other choice~, are 
wrong. 
87. b. Since capacitor is connected to cell so potential 
difference across capacitor remains constant. When slab is 
pulled out capacitance decreases. 

Charge on capacitor Q = C V 
So charge on capacitor decreases and somc charge will 

be returned to cell. 
Choices (a), (c) and (d) are wrong. 

For Problems 88-90 

88. b., 89. e., 90. d. 

Sol. Electrostatic force on block A is zero, while on block B 
F =qE= J x 10= ION 
This force acts along negative direction of X-axis. 
Acceleration of block B 

F 10 
a = - = - = 10 m/s2 

q 1 

But before collision, velocity of block B, 

V = .. haS 
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Appendix A1: Miscetlaneous Assignments and Archives on Chapters 1-4 Al.73 

or v = -/2 x 10 x 1.8 6 mls 
Now, from conservation of linear momentum 

6 
(1 + 1) u = 0 + 1 x 6 or v = :2 = 3 m/s 

89. c. At equilibrium, net force on system is zero. Let Xo be 
the compression in the spring in equilibrium, then 

K Xo = electrostatic force 
18xo = 10 

10 5 
orxo=-=-

18 9 

So, equilibrium position will be x = - § m 

90. d. Angular frequency of S.H.M. will be 

W= Ik= {f8=3rad/sec y~ '12 

At x = § m. Speed is 3 mls 

Therefore from v = w ...;rA~''---~x'" 

or 3 = 3 -/ A2 - x20r 1 = I ...;r.A-"~x" 

orAl _xl = 1 orAl = 1 +Xl 

=l+(~)l = 1+ 25 = 106 0rA = ..1106 m 
9 81 81 9 

Hence, choice (d) is correct. 

Matching 
Column Type 

1. i. ~ c.; ii. ~ b.; iii. ~ d.; iv. ~ a. 

, .. " 

" 

Sol. i. Since q2 = 0, so charge Q + q] on outer surface will 
be distributed unifonnly. Hence, electric field of Q + q] at 
center will be zero. 

., 

Fig. AI.232 

ii. Since q2 is not zero, so Q + q] will be induced non-

Fig. A1.233 

unifonnly on outcr surface. But due to q2 and Q + qt. net 
field at any point inside the outer surface should be zero. 

Eq2 + EQ+q] = 0 

q, 
4rr6o (r Rd2 + E Q+q ] = 0 

I q, 
EQ+q] = - 4rr8o (r R ]P 

I 
4rr6o (r 

q2 2 radially outward 
RI) 

iii. Since Q + qJ will be induced non-unifonnly, so it is dif
ficult to detennine its electric field at an outside point. 
iv. 

Fig. Al.234 

Net field at P due to ql and -qJ should be zero. 

Eq ] + E(-qtl = 0 
I q, 

E (_q] ) = -E_q] = ~-2 
4rrBor 

2, i. ~ b., d.; ii., ~ a.,.d.; iii. ~ b., d.; iv. ~ a., c. 
If any charge is present outside, then charge on outer 

surface will be distributed non-unifonnly. But if there is no 
charge present outside, then charge on outer surface will be 
distributed unifonnly. This is irrespective of location of the 
charge inside. 

If charge is at center, then charge on inner surface will 
be distributed unifonnly, but if charge is displaced from cen
ter, then charge on inner surface will be distributed noo
unifonnly. This is irrespective of whether the charge is 
present outside 01' not. 

j, i. ~ a., d.; ii. ~ c., d.; iii. ~ a., b.; iv. ~ b. 
i. When we insert the dielectric slowly, we have to apply the 
force on dielectric in opposite direction, so we have to do 
negative work. Because of this negative work done, energy 
of system decreases. 
ii. Here, again work done by external agent is negative, but 
here battery will supply some energy (or the battery will do 
positive work) due to which there is overall increase in energy 
of system. 

iii. U = ~CV2, V remains same and C decreases so U also 

decreases. :Nork done by external agent will be positive in 
pulling apart the plates against the attractive force between 
plates. , 
iv. U = ;C ' q remains same and C decreases so U increases. 

Work done by external agent will be positive in pulling apart 
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Al.74 Physics for IIT-JEE: Electricity and Magnetism 

the plates against the attractive force between plates. 

~L~~~~~.~~;a~.~~~~.~~ 
Charge on the OUler surfaces of the plates of capacitor will 
be zero always. If V = E, then no charge will flow in the 
circuit and hence no thermal energy will be dissipated. But 
if V #- E, then charge will flow in the circuit and thermal 
energy will be dissipated. 

5. i. -+ a., c.; ii. -+ h.; iii. -+ b., d.; iv. -+ b. 
i. Initial potential difference across C]: 

4V 2V 
VI = - - = -

2+4 3 
On doubling the distance between plates. C I becomes 

half. So, final potential difference across C]: 

V, _ ~_2V 
1- 1 + 4- 5 

. V' 4 V/5 6 
This Increases by a factor V: = 2 V /3 = "5 

"ii. Across C2: 2V V 
Initially: V2 = 2 + 4 = 3 

. 1 V V 
Finally: V2 = -- = -

1+4 5 
This decreases by a factor of 

V2 V /5 3 
V, VI3 = :5 

iii. Energy in CI 

Initially: VI = ~ x 2 (2:y = 4~2 

Finally: VI = ~ x 1 x (4; Y = _8;_5' 
This decreases by a factor 

iv. Energy in C2 

U; _ 8 V2/25 18 
UI - 4V2/9 =25 

1 (V)' 2V' Initially: U2 = 2" 4"3 = 9 

Finally: U2 = ~ 4 (~y = 2:S2 

U' 9 
This decreases by a factor -1. = 

U2 25 
6. i. -+ h.; ii. -+ a.; iii. -+ d.; iv. -+ c. 

i. Total electric field intensity at point 
P = 3.2 X 104 NC- I alongAQ 
ii. Total electric field intensity at point 
Q = 7.2 X 104 NC- 1 along PB 
iii. 10tal electric field intensity at point 

R = 9x 103 NC- 1 

iv. Electric field at point Q due to charge at B'is 4000 NC- I. 

7. i •. -+ b., d.; ii. -+ a., d.; iii. -+ d.; iv. -+ c. 

Sol. In case of hollow or solid conducting sphere 9f radius 
R, for an internal point (i.e., r < R) electric field is zero. At 
the surface, E can be either minimum ( = 0) or maximum 

( = Q 2)' It is worth mentioning here that one should 
4rreoR 

take E = 0 at the surface for dealing internal behavior and 

(
= Q 2) for dealing external behavior. So, electric field 

4neoR 
is discontinuous. 

Hence, i. -+ b., d. 
In case of spherical volume distribution of charge, inside 

. 1 Qr 
the sphere electric field Ein = -4 - -3 . From this expres

neo R 
sian, it is clear that electric field is zero at the center. At the 

surface, E is continuous and m~ximum (= Q 2)' 
4neoR 

So, ii. -+ a., d. . 
In case of charged ring, electric field is z~ro at the center. 

" In case of infinite sheet of charge, electric field E = -

which is constant. 
So, iii -+ d. iv. -+ c. 

8. i. -+ a., b.; ii. -+ d.; iii. -+ c.; iv. -+ d. 
Sol. Potential difference to a line charge 

). 
V2 - VI = - --(lnr2 -lnr]) 

2neo 
). ). 

V2 = VI - --lnr2 + --InrI 
2neo 2n80 

At r] = 00, VI = 0 
So, at any value of r2, V2 is infinite. 

9. i. -+ a.; ii. -+ c.; iii. -+ a.; iv. -+ a. 

Sol. kq +kQ =0 => q=_Qa 
a b b 

Q 
b 

Fig. A1.235 

ffiL~.~~~.k;a~.~~~-~~ 

2eo' 

Sol. In situation (i), (ii), and (iii), shells I and II are not at 
same potential. Hence, charge shall flow from Sphere I to 
Sphere II till both acquire same potential. 

If charge flows, the potential energy of system decreases 
and heat is produced. 

In situations (i) and (ii) charges shall divide in some fixed 
ratio, but in situation (iii) complete charge shall be transferred 
to Shell II for potential of Shells I and II to be same. 

In situation (iv) both the shells are at same potential. 
hence no charge flows through connecting wire. 

11. i. -+ c.; ii. -+ a.; iii. -+ h.; iv. -+ d. 

Sol. From Fig. A1.236 
When circuit is closed, let charge q flows in the circuit; 

then applying loop law in ABCDA 
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Appendix A1: Miscellaneous Assignments and Archives on Chapters 1-4 Al.75 

ql ~Cy 

rll+ /l 
\ 2C Q2 - 4CY 

q4 = 16CV J±. 4C q3 = 9CV~ 
"'-" __ -"I' I +1 r0-

le 

A~~B 
:tl, (ql-q) .1: 
T(,,-q) (,,-q)-r ~ 

D~~Cq 
(q] - q) 

Fig. A1.236 

Substituting the value of qJ, q2, q3 and q4 we get 
24 

q ~ SCV 

ql-q 19 q2-q 2 
Hence, VI ::= -C- = 5 v; V2 = 2C = :5 V 

q3 - q 
V3=--~ 

3C 

7 q4 - q 
5V;V4 = ~= 

14 
-V 
5 

~L~~L~~~~;a~~;~~~~ 
In this case, electric field is totally zero because in (a) and (b) 
particle P can be at origin. 
For points P, p' in Fig. At.112 (c) electric field will be along 
x~axis only. Also, for point P in Fig. AI.112 (a) and (b) Ex 
will remain ~on-zero while other two components of electric 
field will be zero. 
iii. -+ h. Only in the case of disk x- y components of electric 
field will be present as per given statements. 
iv. -+ a., c. For the two points P and pI in Fig. ALl12(c), 
the field will be same as these are points are at equal distances 
from infinite line of charge. 

13. i. ~ c.; ii. ~ d.; iii. ~ b.; iv. ~ b. - -Soi. (i) U = -P ·E. So, when 8 = 180", U = pE. 
ii. Angular acceleration is maximum when torque is maxi-- - -mum. 'r = P x E is maximum for 8 = 90". 
iii. Angular momentum will not be conserved as there is no 
external force on the system but torque will act on the system. 

iv. During movement of dipole, total energy remains con· 
served. Only K.E. cannot be conserved. 

aL~~~L~~~~~a~~~~~~~~ 
Sol. The electric field due to one dipole at center of other 
dipole is parallel to that dipole in all cases. Hence, torque on 
dipole is zero in all cases. 

In cases (ii) and (iii), the electic field at second dipole 
due to first is along the second dipole, hence electrostatic 
potential energy of second dipole is negative. 

In cases (i) and (ii), x·axis is the line of zero potential. 
In case (iii), y·axis is the line of zero potential. In cases (ii) 
and (iii), electric field at origin is zero. 

15. i. ~ b.; ii. ~ a.; iii. -+ c.; iv. -+ d • 

• _ . 21PI 
Sol. I. Eaxial for a short dIpole =-4--3 . 11: Bar 

•• E- f d' 1 IPI 
II. potential or a lpO e = - -, 

411: Bor 
iii. Net force = qE - qE = O. 

Torque = P E sin 0" = 0 
iv. Net force i= O. as the value of E is different at both ends. 
But as the angle () = 0", hence the torque is zero. . 

16. i. ~ a.; ii. ~ b.; iii. -+ d.; iv. ~ c. 

Sol. From question: av = - (2xy + Z2) ax 
av 2 
- = -(2yz +x ) ay 
8V = -(2zx + i) 
a2 

v=x2y+iz+z2x+C 

Using this we can find out the works 
Further E(x, y, z) = E( -x, -y, - z) 
Direction of field at x, y, z is same as direction of field 

at ( - x, -y, -z) and direction of area vector is just opposite. 
That net flux will tum out to be zero. 

17. i. ~ b.; ii. ~ a.; iii. -+ c.; iv. ~ d. 
.... ~ ~ .... M 

Sol. E = - i - j :::} E = v 2 N/C 

Archives 

Qp = 2 m/s2 ae = 4 m/s2 

1 
Sp=Zx2x4x2=8m 

1 
SQ=Zx4x4=8m 

, .. } , 

FUl in the Blanks Type 

1. For plate 1 (Fig. A1.237) 

For plate 2: 

goA 
q =CV = - x V 

d 

2BoA 
2q= - -xV 

d 

2+' 5 V 
+- - + +. -+ .--. , + ,-. . - -. • -. . - -. • -. ." -. • -. 

Fig. A1.237 
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A1.76 Physics for IIT-JEE: Electricity and Magnetism 

2. It is greatest at point B since at B the equipotential surfaces 
are closest. 

3. Where there is no gravitational force, then in this case only 
electrostatic force of repulsion is acting which will take the 
two balls as far as possible. 

The angle between the two strings will be 180". 
The tension in the string will be equal to the electrostatic 

force of repulsion 

[ QxQ 1 Q' 
T=--x ---=--x -

4Jr 80 (2L)2 4rr80 4L2 

4. Initially, Charge on capacitance e = ql = CV 
Charge on capacitance 2C = q2 = ~CV 

"----I .1:-1 - _.---' 

v 
Fig. A1.238 

Finally, Charge on capacitance C = q; = KeV' 
Charge on capacitance 2C= q~ = 2eV' 
Since charge will not change 

=> ev + 2CV = KeV' + 2eV' => , 3V 
V =-

k + 2 

;
-5. Since electric field is conservative in nature, the work' done 

by the field along PQRS will be same as along P to M to S 
(Fig. A 1.239). 

Work done from Pta M = F PM 
= F(PM) cos 90" = 0 

y 

P ,.~lf.b.Q) 

~~' S a M 

R 

Fig. A1.239 

-+ 
E • 

• 

Work done from M to S = F . MS = F(MS) cos 180" 

=-qEa 

6. V = 4x2y 
The electric potential changes only along x-axis 
We know that 

-dV d 2 
Ex = -- => Ex = --(4x ) = -8x 

dx dx 

The electric field at point (1, 0, 2) will be (here x = 1) 

Ex = -8Y 

7. If we place a charge q at the sixth vertex of the regJ.llar 
hexagon, then the net force on the charge -q placed at the 
center of hexagon will be zero due to symmetry. 

q q 

\E D,' . , , , . , 
.0' 

F------- -Q ------ - q 
/- 4, C , . , , 

A/ \8 , . 
q L q 

Fig. Al.240 

The force on charge - q due to the charge q placed on 
the sixth vertex, balances the net force on charge -q due to 
the other five charges placed at the five vertices. The force on 
charge -q du~ to charge q placed at the sixth vertex will be 

F = _ ,_ q x q 
4rr 8o L2 

where L is the distance of the center of hexagon from any 
vertex (directed from to e). 

The magnitude of force on the point charge of value -
1 q' 

q coulomb placed at the center of the hexagon is - - --, 
4rr8o L 

directed from 0 to F. 

True or False 

1. Let us consider two points A and B in an electric field. Let 
the potentials at A and B be VA and VB . respectively. 

Now, by the definition of potential difference. the po
tential difference between two points B and A is the amount 
of work done in carrying a unit positive charge from A to B 
between the Jwo points. 

A Q 

p 

B 

Fig. A1.241 

Mathematically, for path A"""* P """* B, 

W APB -- = VB - Vtt 
q 

WAPB = q (VB - Vtt ) 

For path A """* Q """* B, 

WAQB 
- -=VB-VA q 

, , , . 

(i) 

WAQB=q ,(VB - V,.;,) (it) 

Since the R.H.S. of equations (i) and (ii) is the same, 

~ ~H=~a ~ 
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Appendix A1: Miscellaneous Assignments and Archives on Chapters 1-4 Al.77 

2. The statement is true. The metallic sphere which gets nega
tively charged gains electrons and hence its mass increases. 
The metallic sphere which gets positively charged loses elec
trons and hence its mass decreases. 

3. When a high-energy X-ray beam falls, it will knock out elec
trons from the small metal ball making it positively charged. 
Therefore, the ball will be deflected in the direction of electric 
field. 

4. The electric field produced between the parallel plate capac
itor is uniform. The force acing on a charged particle placed 
in an electric field is given by F = qE. 

In the case of two protons, q and E are equal and hence 
force will be equaL 

The statement is true. 

5. Force on charge - q due to small charge dq situated at length 
dl 

dF~kqdq 
5R' 

Resolving this force into two parts dF cos (I and dF sin () 
as shown in Fig. A 1.242. 

dq 
Q+ ~ t +: ,,+ dFsin8 
+'R ~ 1+ 
+: 1+ -q 

l .<t-!:t--2R-----.,. +, + dFcos9 

dq 

Fig. A1.242 

If we take another diametrically opposite length dl, the 
charge on it being dq, then the force on charge -q by this 
small charge dq will be 

dF=k
qdq 

5R' 
Again, resolving this force, we find dFsin (I cancels out 

with dF sin (I of the previous force and dF cos (I components 
add up. 

2lrR 2lrR 

J J kqdq 2R 
F = dFcos(l = --, x " 

5R v5R 
o 0 

Charge on length 2iT R = Q 
Qdl 

Charge on length d[ = -- = dq 
2"R 

o 

2kq 

5.;5 R' 
Qdl 

x--
2"R 

~ c-i2_k-"Q~q-= x 2" R ~ 2k Qq 
5../5 x 2JT R3 5../5 R2 

This is not an equation of simple harmonic motion . 
. ', the statement is false. 

S;ngle Correct Answers Type 

I. h. Correct option is (b), Concept: The potential at the surface 
of a sphere is same as the potentia! at the center of the sphere. 

2. h. If we take a point M on the X -axis as shown in the 
Fig. A1.243, then the net electric field is in X-direction. 

y 

N 

+q -q 
~'--+--+--~ .... 

(-d, 0) (d,O) M 

Fig. AI.243 

option (a) is incorrect, 
If we take a point N on Y-axis, we find net electric field 

along +X-direction. The same will be true for any point on 
Y-axis. Therefore, (b) is a correct option, 

,'. C is incorrect. The direction of dipole moment is 
from -ve to +ve. Therefore, (d) is incorrect, 

I I . 
3. b.Energystored,U = ZCeq Vn~l = Z(3C) V 2(Flg,A1.244) 

= ~CV2 
2 

c~ 
2C 

Fig. A1.244 

.', (b) is the correct option, 

4. h. Let the distance to be travelled be x, Let the strength of 
uniform electric field be E, 

5. a. 

For the electron: 
... eE 

u=O,s =x,a = -,r =1\ 
m, 

I 
S = ut + _at2 

2 
For the proton: 

leE 
::::}x=--xtf 

2m, 

eE 
u = 0, S =..t, a = -, t = t2 m, 

I I eE 
S = ut + _at2 ::::} x = - - x Ii 

2 2mp 
From equations (i) and (ii), 

(b) is the correct option. 

Vo = K~, Vo: =0 

"0 
J --- E,dl= Vo - Voo 

, .. 
= Kq _ O , 

(i) 

(ii) 

\ 
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Al.78 Physics for IIT·JEE: Electricity and Magnetism 

9 X 109 X Ll i X 10- 10 
~ 

0.5 
=2V 

(a) is the correct option. 

6. d. For the capacitor to get charged upto 0.75 V, the charge on 
the plates should be 

q= CV 

= 10- 5 X 0.75 = 0.75 x IO-s C 

Lall CII"'F, 
E - LSV 

FOg. AI.245 

Using the equation of charging of capacitor 

q = CE (l _e- 'IRC ] 

=> ~ = (I - e-' l =* 
2 

Taking 10,t on both sides, 
- t =-ln2 

=> t =0.693 s 
(b) is the correct option. 

7. b. With the closing of switch S), the potential across Cl and 
C2 would become identical to the average of VI and V2, i.e., 
(30 V + 20 V)/ 2 ~ 25 V. , 

:. (b) is the correct option. 

8. b. (b) is the correct option. 
Qq q' Qq 

Here,we have-+ -+ ,';;"=0 
a a av2 

or Q./2+q./2+Q~Oor Q (./2 +I) ~ -q./2 

q./2 2q 
=>Q ~ - ./2+1 ~-2 + ./2 

9. b. (b) is the correct option. 
The effective capacitance is given by 

'oA [I I ]-' 
d CkJ +k2) + 2k3 

The cap.1citance of a single capacitor will be t~A k 

[
I I ] - ' I I I 

k = (k . + k2 ) + 2k3 or k = Ck . + k2 ) + 2k.1 · 

10. c. Option (a) is not possible because all the three charges are 
positive and the electric lines of force will expand laterally 
and not contract longitudinally. 

Option (b) is no t possible as electric lines of force are 
continuolls lines but there are three lines which end up 

abruptly somewhere in between the eJectric field which is 
not possible. Option (d) makes no sense. 

:. option (c) is correct. 

11. a. When S is closed. there will be no shifting of negative 
charge from plate A to B as the charge -q is held by the 
charge +q. Neither there will be any shifting of charge from 
B to A. CoITcct option is (a). 

12. h. As we move along the direction of electric field. potential 
decreases. 

y 

-c:t:--- -+l 
+1 C 

B --:\--,:---+x 
A +1 

Fig. A 1.246 

Correct option is (b). 

2Qq Qq[1 I] 
13. b. Vi = 4;rrto(a); VJ = 4;rrEo a +x +;;-=-; ; 

(Qqx 2) 1: 
Ui - UI = - - -, [for x « a, x can be neglected 

27l"Eoa 
in comparison to a2 in denomInator] 

14. c. Initially, 

---f ~q, - cv, 
v, 

---1 C ~ql- CY2 

v, 

Fig. A1.247 

Initial energy = ~C(V12 + vl)q; + q2 = CVJ + CV2 

q; = q2 =* q; = qi (Charge conservation) 
C C 

I C(VI + V2) 
ql = 2 

. C(VJ + V2)2 
Fmal energy = 4 

:. change in energy = Initial energy - Fi nal energy 

I 2 2 C 2 2 
= 2"C(VI + V2 ) - "4(VI + Vz +2V. V1) 
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Appendix A1: Miscellaneous Assignments and Archives on' Chapters 1-4 A1.79 

C 2222 C 2 
= "4 [2V] + 2V2 - VI - V2 - 2VI V2] = "4(VI - V2) 

15. c. Electric field is perpendicular to the equipotential surfaces 
and is zero everywhere inside the metal. 

~ kq 
16.c. I E I ~2 , 

Electric field due to P on 0 is cancelled by electric field 
due to S on 0 (Fig. A1.248). 

Similarly, electric field due to Q to 0 is cancelled by 
electric field due to T and O. The electric field due to R on 
o in the same direction as that of U and O. Therefore, the 

~ 

net electric fiel,d is 2£. 

Fig. A1.248 

17. d. The flux through the Gaussian surface is due to the charges 
inside the Gaussian surface. But the electric field on the Gaus· 
sian surface will be due to the charges present in the Gaussian 
surface and outside it. It will be due to all the charges. 

18. c. Fig. Al.249 shows the electric fields due to the sheets 1,2. 
and 3 at point P. The direction of electric fields is according to 
the charge on the sheets (away from positively charged sheet 
and towards the negatively charged sheet and perpendicular). 

CD 
Z~3a 

z- 3a 20 

z-o 
Fig. A1.249 

The total electric field 
--jo .... .... ...... 

E=E I +E2 + EJ 

~ E1(·-1) + E2(-1) + E,(- 1) 

~ [..":.. + 20 +..":..] (- 1) 
2eo 2eo 2eo 
20 _ 

~--k 

'0 

(c) is the COITect option. 

19. a. When a charge density is given to the inner cylinder, the 
potential developed at its surface is different from that on the 
outer cylinder. This is because the potential decreases with 
distance from a charged conducting cylinder when the point 
of consideration is outside the cylinder. 

But when a charge density is given to the outer cylinder, 
it will change its potential by the same amount as that of 
the inner cylinder. Therefore, no potential difference will be 
produced between the cylinders in this case. 

20. d. When a positive point charge is placed outsideaconducting 
sphere, a rearrangement of charge takes place on the surface. 
But the total charge on the sphere is zero as no charge has 
left or entered the sphere. 

Net charge = ° 

,- , +, 
: - + : 

i~-o-------~~·i 

+q : - + : 
' ............ _, 

Fig. A1.250 

21. b. Let us consider a uniformly charged solid sphere without 
any cavity. Let the charge per unit volume be a and 0 be 
the center of the sphere. Let us consider a uniformly charged 
sphere of negative charged density a having its center at 0'. 
Also, let 00' be equal to a (Fig. A1.25l). 

Let us consider on arbitrary point P in the small sphere. 

The electric field due to charge on big sphere E] = ..!!...."'i5"P 
3'0 

Fig. A1.251 

Also, the electric field due to small sphere 
~ 0 =-* 
E2 =-3 PU 

,_ ~ So 

... the total electric field is 
.............. a~ ~ a---+ 
E =E]+E2 = -3 [Ot'+Pu]=-3 00' 

So So 
This will have a finite value which will be uniform. 

22. c. The charges make an electric dipoJ~. Points A and B lie 
on the equatorial plane of the dipole. Therefore, potential at 
A = potential at B = 0 

W = q (VA - VB) = q x 0 = 0 

y 

8 (O,a, 0) tf-Z 

-' 
-' -q. 

" (0, 0, - (1 fl) 

-' 
A ,/ 
·--t-----·----*------>x 
(-11.0,0) +q 0 

(0,0, a 12) 

z 
Fig, Al.2S2 
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AI.SO Physics fo r IIT-JEE: Electricity and Magnetism 

1 m(¥) q2 
23. c. Fne = 4neo (Rj.f3)2 = 0547n2'-0~R'2 
24. a. Total charge enclosed by cube is - 2C. Hence electric flux 

-2C 
through the cube is --. 

' 0 
25 b 0, _ Q,+Q2 _ QJ + Q2+Q3 

• • 4ti{r - ~ - 4Jr(3R? 

==? Ql : Q2 : Q3 :: 1: 3: 5 

Assertion-Reasoning Type 

1. b. Both are basic facts and have no relation with each other 

Comprehension Type 

For Problems 1-3 

1. a., 2. b., 3. c. 
Sol. Net charge with in r < R is constant hence electric field 
is independent of a. 

R 

q = J *(R - x) 4 nx2dx = Ze. 

o 
3Ze 

d=-
nR' 

If within a sphere p is constant, then E 0( r . 

Multiple Correct Answers Type 

1. d. Let us consider the positive charge Q at any instant of time 
t at a distance x from the origin. It is under the influence of 
two forces, F I (= F) and h (= F). On resolving these two 
forces we find that F sin e cancels out. The resultant force is 

Since F R is not proportional to x, the motion is not simple 
harmonic. The charge Q will accelerate till the origin and 
gain velocity. At the origin, the net force is zero but due to 
momentum it will cross the .origin and move towards left. As 
it comes on negative x-axis, the force is again towards the 
origin. 

2. a., d. (Fig. Al.253) 

LJ 
Vo 

Fig. AI.2S3 

Before introducing dielectric slab: 

P.d. = Vo 

Capacitance = e 

v. 

Charge,qo = evo 
1 2 

P.E, Uo = lCVo 

After introduction of dielectric slab 
P.d. = Vo 
Capacitance = K C [K is the dielectric constant of slab; 

K> 1] 
New charge, Q = K CVo 

1 2 
NewP.E., U = lKCVo 
.'. Correct options are (a) and (d). 

3. b. q has to be negative for equilibrium. 
Considering equilibrium of 1 

• 2 F;l • 3 

+Q F'2 q 

+--1-++-1--+ 
Fig. Al.2S4 

Fl3 = Fl2 

K Q x Q kQq Q 
(2l)2 = f2 orq :::: '4 

4. b., d. From Fig. A 1.255 

+ q - q 

1 F 
.. d' .. 

Fig. AI.2SS 

Charge on plate is q Charge on plate is q 

C = t oA C' = eoA ==? C' < C 
d & 

q = CV => V = 2. V' =!L ==? V' > V 
C C' 

I I 1 I I 
U = -qxV U =-qV => U >U 

2 2 
.'. Options (b) and (d) are correct. 

S. a. The potential inside the shell will be the same everywhere 
as on its surface. As we add 3 Q charge on the surface, the 
potential on the surface changes by the same amount as that 
inside. Therefore, the potential difference remains the same. 

(a) is the correct answer. 

6. a. The equivalent capacitance (Fig. A 1.256) 

1 I 1 I II 
-~ -+-+- . ~~ 
Ceq 22 2x5 10 

11 
Ceq = 10 IlF 

(a) is the correct option. 

d C eo C'= KeoA 7. a., c., . = d A , d 
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Appendix AI: Miscellaneous Assignments and Archives on Chapters 1-4 AI.SI 

Fig. Al.256 

Fig. A 1.257 

toA toAV 
Q = CV = - x V=--

d " 
[Q will remain same as no charge is leaving or emcring 

the plates during (he process of slab inscrtion] 

Q = C' V' = C' £ 'd 

eoAV 

E' = iL = -",.!!"..-d = _V_ 
C'd K t oA Kd 

- -x 
d 

Work done is the change in energy stored 

W = ~C' V'2 _ ~CV2 
2 2 

I K eo A V2 I toA 2 
~---x-- --x V 

2 d K2 2 d [ , , V] ' .: V ::::: Ed = K 

= ~ eOA V2 [~ - I] 
2 d K 

.'. (<I), (c) and (d) ure correct options. 

8. b. The work done in moving a charge from A to B 

W ~ (T.P.E.), - (T. P.E.), 

T .P.E = Total potential energy 

Q, , , , , , , 
R: 

I"':-- R-+>I : 
, 

.. D; 

Fig. Al .258 

(T.P.E.)" ::: [P.E. due to Q! + P E. due to Q2J 

~ [(4n~:R ) x q + (4neov'~" + R,)q] 

(T.P.E.)y = [P.E. due 10 Q2 + P.E. due to Q d 

~ [(4n~: R) q+ (.",ov'~', +R') q] 

.. W~~[Q' + Q, - Q' _~] 
41l to R .,fi .,fi 

~ ~ [Q' (I -_I ) _ Q, (I __ I )] 
41l t oR .,fi .,fi 

~ q(Q'-Q,) (v'2 -I) 
41l EoR .,fi 

.. (b) is the correct option. 

9. c. Let)., be the charge per unit length. Let us consider a Gaus
sian surface (dotted cylinder) (Fig. A I .259). 

r 
I -

L 
Fig. Al.259 

Applying Gauss's law 

¢= J '"i: . ;is= AI r to , 
For the fl at portions of Gaussi<lll surface, the angle be

tween electric field and surface is 90°. Hence, flux through 
flat portions is zero. By symmetry, the electric field on the 
curved surface is same throughout. - -The angle between E and tis is 0" (for curved surface) 

EJdS= AI ~ Ex21lrl= AI :::} E::::: _)._ 
eo eo 21t eol" 

I 
E«-, 

.. (c) is (he correct option. 

10. d . The electric lines of force cannOl e nter the metal lic sphere 
as e lectric fi eld inside the sol id metallic sphere is zero. Also, 
the origination ad termination of the electric lines of force 
from the metallic surface is normal (d irected towards the 
center) 

(d) is the correct opti on. -11. b., c. In regions J and III , there will be electric field Eo directed 
from + to - . In region II , duc to orientation of dipoles, there - -is an electric fie ld Ek present in opposite direction of Eo. But . ~ . / 

since Eo is also prescnt, the net electric lield is Eo - E~ in -the direction of Eo as shown in Fig. A 1.260. (" .' Eo > E
k

) 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



A1.82 Physics for IIT-JEE: Electricity and Magnetism 

Eo 
+ 

Fig. Al.260 

Also, please note that when one moves opposite to the 
direction of electric field, the potential always increases. The 
stronger the electric field, the more is the increase in potential. 
Since in region II, the electric field is less as compared to I and 
III, therefore the increase in potential will be less but there has 
to be increase in potentialinaJl regions fromx = 0 tox = 3d. 

12. d. Potential at origin will be given by 

q [I 1 1 1 ) 
V= 4Jreo Xo - 2xo + 3xo - 4xo + ... 

= _q_.!..[I _ ~+~ _ ~+")= q 10(2) 
4Jr eoxo 2 ' 3 4 4Jreoxo 

13. (a, c) Let Q be the charge on the ring, the negative charge 
_q is released from point P (0, 0, 20). The electric field at 
P due to the charged ring will be along positive z-axis and 
its magnitude will be 

E = 1 Q2 0 
4lT eo (R2 + 2~)3/2 

Therefore, force on charge P will be towards center as 

shown, and its magnitude is 

F E 
1 ~ (,') _q - __ 20 

~ - - 4Jr eo (R2 + 25}3/2 
Similarly, when it crosses the origin, the force is again 

towards center O. 
Thus, the motion of the particle is periodic for all values 

of 20 lying between 0 and 00. 
Secondly, if 20 « R, (R2 + 25P/2 -). R3 

F~ = -4 1 x Q; x 20 (from equation (i)] 
peo R 

Le., the restoring force F{ ex - 20. Hence, the motion of 
the particle will be simple harmonic. (Here, negative sign 
implies that the force is towards its mean position.) 

14. a., c. The expressions of the electrical field are: 

Inside the sphere (r < R), E = _1_ Q3'; 
4neo R 

Outside the sphere (R < r < (0), 

Hence, E increases for r < R 

E=_I_Q 
4Jrso 1'2 

and decreases for 

R<r<OO. 1fI 

15. c., d. When two points are connected with a conducting 
path in electrostatic condition, then the potential of the two 
points is equal. Therefore (c) is the correct option. Option 

(d) follows from Gauss's hiw. 
(a) and (b) are dependent on the curvature which are 

different at points A and B. 

16. a., b., c., d. 
d¢ Q 

ForI' > Ro,E=--=-dr 4:rrsor2 
.'. Charge enclosed by concentric spherical surface of r 

=2Ro = eO ¢E 4lTr2 

Q 2 
=eo-4:rrr =Q 

4:rrsor2 

dV 
FOl'r < Ro, E = - - =Oandforr > Ro 

d, 
dV 2 

E=-Tr=4Jreor (Here,V=¢) 

Integer Answer Type 

R 

Fig. A1.261 

Q 
4Jrso(R/2)2 84:rreoR2 
32qcnclosed = Q 
enclosed:!::: Q 

R/2 

f 
4nk (R){"+3) 

qcnclos-.:d = kr"4:rrr
2
dr = (a + 3) '2 

o 

Q=~R{"+3) 
(0 + 3) 

~=2"+3 
qcnclQ'cd 
2,,+3 = 32 

0=2 
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Electric Current and Circuits 

Bri~ge: 'Balanc~d Wheatstone 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



. .- S.2 Physics for m-JEE: Electricity and Magnetism 

In electrostatics, our discussion of electric phenomena has been 
focused on charges at rest In the prev ious chapter we treated the 
concept of electric potential, which is measured in voll. Now we 
will sec that this voltage acts like nn "electrical pressure" that can 
produce a flow of charge or current, which is mcasured in ampere 
(or simply, amp and abbreviated as A) and that the resistance that 
restrains this flow is measured in ohm (0). 

ELECTRIC CURRENT 
An isolated metallic conductor, say a wire, contains a few 
electrons which arc moving at random with high speeds. These 
are called conduction electrons. The rale at which these electrons 
pass from left to right through a point in a wire is the same as the 
rate at which they pass from right to left through the same point, 
i.e., net rate is zero. 

8 
8 

A 

\---8 
1----,8 
1----8 

. / 
Ch.1rges in IllOIiOl1 Ihrough an arCJ A. The time role al 
which chnrge flows through lhe urea is de fincd as the 
currem I . The dilccli ()llorthc cum:nl is Ihc dil\:dioll ill 
which pos il ivc chnrgcs now when rree 10 0050. 

Fig. 5.1 

To define the current mathematically. suppose charged particles 
are moving perpendicu lar to a surface of area A as in Fig. 5. 1 
(Ihis area could be thc cross-sectional area of a wire. for 
example). The current is defined as the rate at which electric 
charge flows through this surface. If 6Q is the amount of charge 
that passes through this area in time interval tu, then average 
current. lavg. over this time intervlll through this arC<1 is the ra tio 
of the charge to the time interval, 

·1=6Q (;) I.e.. ~'K 61 

It is possible for the mte at which the charge nows to vary with 
time. We define the instantaneous current I as the limit of the 
preceding expression as 6t goes to zero; 

1= lim 6Q = IIQ 
fur-I) 61 dt 

(ii) 

Points to Remember 

• The particlc.~ Oowing through a surface can be charged 
positively or negat ively, or we can have (wo or more types 
of particles moving, with charges of both the signs in the 
now. Convent ionally. we define the d irection of the current 
as the direction of n ow of positive charge. 

• In It common conductor such as copper, the current is in 
physica l state due to the motion of the negatively charged 
electrons. Therefore, when we speak of current in such a 

conductor, the di rection of the cUlTent is opposite to the 
direction of flow of electrons. 

• On the other hand, if one considers a beam of positively 
charged protons in a particle accelerator, then the current is 
in the direction of the motion ohhe prolons. 

• In some cases-guses and electrolytes, for example, the 
current is the result of the now of both positive and negative 
charged particles. 

• It is common to refer to a ~ovi ng charged particle (whether 
it is positive or ncgative) as a mobile charge carrier. For 
example, the charge carriers in a metal are e lectrons. 

When a wire is connected to a battery, an electric field is set 
up al every point within the wire. This field exerts a force on each 
conduction elect ron. Although the electrons are continuously 
accelerated by the field , but due to their frequent collisions with 
the atoms of the wire, they on an average simply drift at a small 
constant specd in the direction opposite to the fi eld. Thus, there 
is a net now uf change in the wire fl t a small rate. The lotal charge 
palising through <Illy cross-section per second is the electric 
current in the wire. 

In Ihe liteady state of current through each section of the 
conducting loop would be same - no matter what is the location 
ororie nlalion of area of that section see Fig. 5.2 This is because 
of the fact that charge is conserved. 

Unit of Electric Current 

/ 

F ig. 5.2 

It is ampere (A) in S( system. 
"The currenl i.v sait! to be olle ampere wile" ont! COl/lomb of 

chmge flows pns( (IllY cross-seclion of a cont/uClor every 
.,·econd." 

Statement of Ohm's l aw 

"The clectriclll current in any conductor is proport ional to the 
potential difference betweell its ends, other factors remaini ng 
constant." 

The ratio ufthe potential difference to current is termed liS the 
res istance of the conductor. 

. V 
Accordlllgly. I? = - => V = IR 

I 
where, I = current. V = p.d ., and R == resistance 

The re.~istance of Ihe conductor is thc opposition offered b~ 
the conductor to the now of e lectric current passing through it. 

TIle resistance R not only depends on the material of th! 
conductor but also on the dimensions of the conductor . 

The resistance of an ohmic conducting wire is fou nd to b 
proportional to its length t and inversely proportional to its cross 
section area A. 
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i.e., 
l 

R = p
A 

(iii) 

where the constant of propOrtionality p is cuHcd the resistivity of 
the material, whieh has the unit ohm metre (nm). To understand 
the relationship between resistance and resistivity, we should 
know that p depends on the properties of the material and on 
temperature. On the other hand, the resistance R of a particultlr 
conductor depends on its size and shape as weH as on the 
resistivi ty of the material. 

The inverse of resistivity is defined as c;ondllctivity q. Hence, 
the resistance of an ohmic conductor ctln be expressed in terms of 
its conductivity as 

I 
R= -, 

"A 

I 
where q= 

p 

R esistance and resistivity: Resistivity is a property of a 
substance, whereas resistance is a property of an object. We have 
seen similar pairs of variables befo re. POl' example, density is a 
property of a substance, whereas mass is a property of lin object. 
Equalion (iii) which is given above relates resistance to resis tivity. 

51 Unit of Res;stance 
• 

The unit of resistance is ohm (n). 
"The resistallce 0/ a cOllductor is said (0 be J ollm if a current 

of J (lmpere flows through it when the p.d. acmss its ends is 
J voL" 

CURRENT DENSITY 
II is the current flowing per unit area of the cross-section of the 
medium. The medium may be II conductor or a bcam of charged 
particles. Unit of current density is A/m2 in SI units. 

Note: 

While electric current is a scalar quantity, electric 
currellt de,uity is a vector quantiJy. • • 

/ 
If we take a localizcd view and study the !low of charge 

through a cross section of the conductor at a particular point, to 
describe this flow, we can used the current density J, which has 
Ihe same direction as that of velocity of positive charge. We can 
write thc amount of current through the elements of area dS as 
di = JdS, where dS is thc area vector of the element, perpen
dicular to the area of the clement. The lotal current through the 

surface will be i = j IdS. 

If the current is uniform across thc surface and perpendicular 
to it, then J is uniform over the area and parallel to is. 

.. i= jJdS=J j dS=JS::::) }=f 
In case of conductors as V = JR and by definiti ons, 

V L L 
E=T. and R=pS'So, (EL)= JPs 

i.e., J I - - f ' } J = S = pE or j= q E lWith q=p (il 

Electric Current ~nd Circuits 5.3 

i.e .. ill Ihe case of cOl/dm.·lors, Cllrrel1l density is proporlio/la/lo 

eiec/I'icjieltl E. 

(., 
.. , , , , , , , , , , , . , , 
, '. ", 

lis cos 0 

(" 

Fig. S.3 

!H-J 
" ,. 

, . 

Points to Remember 

• (fthe current has not reached a steady state, i.e., the now 0 
charge is not constant, thcn the Cllrrent through different cross 
sections at a particular instant may hnve different values. 

• Elect ric current may bc distributed non-uniformly over 
the surface through wh ich it passes. Hence, to chnrac
terize current in greatcr detail, current dcnsity vcctor I is 
introduced. 

• Current density, I, tells us how charge fl ows at a certain 
point and its direction tells liS about thc direction n(the flow 
of charge at that point, while the current describes how 
charge flows through an extended object. 

b , . , , , , d 

_ c: _ _ _ /-~:--'..,"c,~,' _ _ +-_ 

, , 
.', , 

, 

~i ), -b"'-- - ',' 
Currcnt throllgh all 

sections would 
be salllO: in steady Slale 

Fig. 5.4 

• The direction of Cllrrent density is same as that of the 
velocity of +ve chArge or opposite to the direction of thc 
velocity of - ve charge. 

• Current density can be represented by a simi lar set of lines 
known as stream lines. The spacing of the stream lines 
suggest the value of current dcnsity. Narrower stream lines 
mean morc curreot. density, spaced stream lines mean less 
current dcnsity (Fig. 5.5)-
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S.4 Physics for llT-JEE: Electricity and Magneti$m 

A conductor baving 
rtOn IIniforPl eross-scClion 

Flg_ S.S 

This in turn implies that in the case ~f conductors: 

a. Direction of current density is the same as that of electric 

field. 
b. If electric field is uniform (Le .• is constant) current density 

win be constant 
c. If the electric field is zero (as in electrostatics inside a 

conductor), current density and hence current will be zero. 

Illustration 5:1 In a hydrogen discharge tube, the number of 

protons drifting across a cross-section per seeond is 
1.0 x 1OIH, while the number of electrons drifting in the opposite 
direction across another cross·section is 2.7 x 10

18 
per second. 

Find the current flowing in the tube. 

Sol. As electrons and protons are moving in the opposite 
directions, they will effectively produce current in the same 
direction and the total current in the tube is 1= (np + n,}elt 

= (1 .0 x 1018 + 2.7 x 1018) x 1.6 x 10- 19/1 
= 3.7 x 1.6 x 10- 1 A = 0.592 A 

lIIustralion 5.2 You need to produce a set of cylindrical 

copper wires 2.5 long that will have a resistance of 0.125 0 
each. What will be the mass of each of thcs'e wires'? (Density 
of copper is 8.9 x 103 Kg/ml , resistivity of copper is 

1.72 x 10~ Om). 

Sol. Given L=2.5~,R=0.12Sn. 
To find out the mass of each wire we need to find out the 

volume o f one of the wire as 
Mass = Density x Volume 

Volume = Area x Length. ( :. 
pL 

R o - "' 
A 

Volume = 
pL' 

AL=- = 
R 

1.72 x 10-8 x(2.5)2 

. 0.125 

1.72 x 10-8 x 6.25 _ 1 72 0-7 
= 0.125 -. x I x 5 

= 8.6 x 10-' m) 

m= d xv=8.9 x 1O-3x8.6x 10-7 

= 9 x 8.6x Icr = 1.72 X 10-7 kg = 7.74 g 

Hence, the mass of each wire is desired to be 7.74 g. 

D1ustration 5.3 Consider a wire of length t, area of cross· 

section A and resistivity p wi.tlt resistance 10 Q. Its length Is 

i~creased by applying a force and it becomes four times of its 
original value. Find the changed resistance ofthe wire. 

Sol. Here I] = I, AI= A, and R = 10 O. Similarly, 12 = 41 and R2 = ? 
Resistivity is same in each case as the material is same. The 
volume of the wire will remain the same even after the increase 

in the length. 
A. I] A l A 

A, =-= - =-'2 4l 4 

The formula used for measuring resistance of wire R = P ~. 

U,ing thi' [oemul, in both c"e,. R, = pll- = pi (i) 
A, A 

nod 
11. 41 I R = p_ = p_= 16p -

2 A2 A/4 A 

Dividing equation (ii) by (i) R2 = 16 ~ R2 = 160 0 
R, 

(ii) 

D1ustration 5.4 Consider a wire of length I, area of cross· 

section A, and resistivity p where resistance is 10 O. Its- , 

length is increased by applying a force on it and Its length 

increases four times of its horizontal length. Find the 
changed resis·tance of the wire. .--

Sol. Here I! = I, AI = A, and R = to n. Similarly, 1= 41 + I::: 5('-
A2 = ? and R2 = 7 The resistivity of the material win remain the 
same as wire in both the cases is same. The volume of the wire 
win be same as only the shape of the wire has changed 

Ali i =A212 => A= Ai! = Al = ~ (i) 
A,4 51 5 

The formula used for measuring the resistance of wire. 

R = pi 
A 

Applying this formula to both situations one by one we have. 

R!= p.!L=pl,and 
A, A 

R2 = p!1.. = pJ.!.... = 25 pi 
A, All A 

Dividing equation (iil by (0 we have R2 = 25 
R, 

=> R2 = 25 RI =2500 

(ii) 

illustration 5.5 A wire of mass m, length I, density d, and 

area of cross·section A is stretched in such a way that its 
length increases by 10% of its original value. Express the 
changed resistance in percentage. 

Sol. Given mass m, length'] = I, density d, and area of cross· 
section AI = A. ut p be the resistivity and R] be the resistance 
of the wire. Mass of wire In = volume x density = Ai x d = At d. 

m [. 
area of cross<,ection ~ = ld' the resistance 0 the wIre 
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Let /1 be the new length 

. !O 
12 = 1+

100
/",1+0.1/=111 

Let R2 be the resistance of the wire after stretching, then 

R2=kfl 
Dividing equation (ii) by (i), 

R2 = Ii = (l.lil]2 = 1 21 , , . 
RI II II 

=> R2= 1.21 R] =R1 +0.21 RI 

=> R2- R1 = 0.21 R] 

Hence, the percentage charge in the re~is tance 

R2 - R1 xlOO ",21 % 
R, 

(i) 

(ii) 

Illustration 5.6 A unlfonn copperwireofmass 2.23x 10-3 kg 

carries a current of 1 A when 1.7 V is applied across it. Calculate 

the length a nd the a rea ot cross·section. Irthe wire is uniformly 
stretched to double its length j calcula te the new r esistance. 
Density of copper is 8.92 X 103 kglm3 and resistivity is 1.7 x 10-
In_m. 
Sol. As, In = volume x density = (L x S ) xd 

(as volume = L x SJ 

So, L x S = !!! '" 2.23 X 10-
1 "'.!. X 10-6 (0 

d 8.92x 10' 4 

And as, v = JR, i:'e., (ii) 

But as by definition, R = p(US) 

L R 1.7 = 108 => -= -= (iii) 
S P 1.7 X 10-8 

Solving equations (i) and (iii) for Land S we get, L = 5 m 
and S=5x l~m1 

When the wire is stretched uniformly to double its length, the 
volume will remain unchanged, L e, 

SL = s' (n) so s' = SI2 

and hence the new resistance will be 
, (2L) . L 

R = P(Sf2)=4P S =4R=4X I.7 = 6.8Q 

DRIFT VELOCITY 
Under the normal conditions of temperature and pressure and 
without the influence of any external electrostatic field, the 
motion of free electrons in a conductor is due to the thermal 
energy and random. 

Now, when this conductor is placed in an extemlll fie ld, Ihese 
free electrons start experiencing electric force and start moving 

Electric Current and Circuits S.S 

under the innuenceofth is force (sec Fig. 5.6). However, although 
Ihey are free to move, they are nOI able to move in a straight line 
because they encounter other electrons, ions, atoms, or 
molecules in their way (see Fig. 5.7). Hence they experience 
collisions nfter coJi isions, but are able to drift in a p<U1icular 
direction because of this external field. The drifting of these free 
electrons over some period of time is called drift velocity. 

Fig. 5.6 

Typical electron lrajeory. 

£-0 

.... N<:t displaccmenl 

(., 
Fig. 5.7 

TYpica l clecuon lmjeelory, 

t .. O 
(b) 

Relation Between Drift Velocity and Current 
LetA = area of cross·seetion of the conductor, e = charge on each 
electron, vJ = drift veiocity,lI = number of free electrons per unit 
volume, and I = current, then 

Total number of electrons be(wcen cross·sections P and Q 
which are v" distance apart = (Volume between P and Q) x n 
= AV,jtl = nAv" 

:. 10lal charge in Ihis volume, 

nAv"e = neAvJ 

• 

Fig. 5.8 

, 
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5.6 Physics for IIT-J EE: Electricity and Magnetism 

Now. the eicctron which is present at the cross-section Q, will 
reach the cross-section P after one second because P and Q are 
so selected that the distance between them is vtJwhich is the drift 
speed of the electron. Therefore, neAvdi s the charge which will 
pass through the cross-section at P (where P can be any point on 
the conductor). Hence this is the electric current whieh nows 
through the conductor. (see Fig. 5.9) 

II " Area of cross-~lion Or coOOUC10f 

P Q 

l.<"ig.S.9 

1= neAv,/ 

Also, accordingly current density, J = ~ = netJlI 

The equation, J = IICVt/. can be wrinen in vector form as 
follows: ] = nqvd where q is the charge of the charge carrier and 
vJ is the average drift velocity. This equntion is correct for both 
the signs of q. If q > 0, v,/ is in the direction of electric fie ld E 
and] is in the direction of E. If q < 0 (q = - e for electrons), as 
it is in metallic conductor, Vd is opposite to E. and] = - neVd 
continues to be in the di rection of E. 

. DJrutration 5.7 A copper wire has a square cross-section of 6 

mm ona side. The wire is 10m long and carricsa eurrentof3.6 

A. The density of free electrons is 8.5 x 1028/mJ
• Find the 

magnitude of (a) the current density in the wire; (b) the 
electric field in the wire. (c) how much time is required for an 
electron to travel the length of the wire'? (P. electrical 
resistivity, is 1.72 x 10-3 Qm) 

Sol. Given r = 6 mm, {= 10 m, (= 3.6 A, II = 8.5 x lefs/m). 

(a) To find the current density, formula used should be J = !.. 
A 

J = 3.6 = 3.6 = 105A /m2 
(6x lO-3 )2 36x10-6 

(b) To find electric fie ld, 
E=pJ = 1.72 x 10-8 X lOS = 1.72 x 10-3 VIm 

(c) Time laken. 

{lie A 
1= -=--

= 

v, I 

10 x 8.5 X 1028 x 1.6 X 10- 19 X (6 X 10-3)2 

3.6 
=' 9. 1 x lo'i S (appI:Ox) 

'{DhiStration 5.8- Consider a wire of length 0.1 m with an arca 

of cross-seelion I mm2 connected to 5 V. Find the current nOwing 

through the metallic wire where Jl = 45 X 10-6 mI 

V - , s-', e = 1.6 x 10-19 C. II = 8 X 1028 m-3. 

Sol. GivcnA = I mm2 = 10-6 m2, 1= 0. 1 m, V=5V 
Due to the applied potcntia! difference across the wire an 

electric field is sct up ill the conductor. 

FOl'mulaused, E =~, =~""50Vm-l 
I O.! 

Thc current nowing through the wire is given by 

1=IIAev,/ = nAejJE [where, 11 = v~ ] 

= 8x 1028 X JO. 6 X 1.6x 1O-19 X5x lO-6 x 50 

= 400 x 8 X 10-3 = 3.2A 

lllustra'iiohS.9 A cur rent, 16 A, is made to pass through a 

conductor where the numbcr density of free electrons is 
4 x 1028 m-J lind its area of cross-section is I0-5 m2. Find out 
the va ilic of the drift velocity of free electrons. 

Sol. Givcn J = 16 A. A = 10-5 m2, II = 4 X 1028 m-J
• 

Also e= 1.6 x [0-19 C 

Formula for drift velocity 

J 16 
Vd= ileA = 4xlO28 x1.6 x tO-19 xlO-~ 

/ 

4 = ..!..X IO-3 
1.6x 104 4 

• 
= 

= 0.25 X 10-1 = 2.5 x [0-4 ms-' 

Ufustration5.tO (a) Estimate the average drift speed of 

conduction electrons in a copper wire of cross-sectional area 

1.0 x 10-7 m2 carrying a current of 1.5 A. Assume that each 
copper atom contributes roughly one conduction electron. 
The density of copper is 9.0 x loJ kgfm3• and its atomic mass 
is 63.5 u. (b) Compare the drift speed obtained above with 
speed of propagation of electric field a long the conductor 
which causes the drift lIlotion. 

Sol. 

(a) The direct ion of drift velocity of conduction electrons is 
opposite to the electric field direction, i.e., the electrons ddfl 
in the direction of increasing potential. The drift speed Vd i! 
g iven by eq. vJ = (1II1eA). 

Now, e = 1.6 x 10- 10 C, A = 1.0 X 10- 7 ml, 1 = !.SA. th! 
density of conduction electrons, II is equal to the number 0 ' 

atoms per cubic metre (assuming onc conduction electron pe 
eu atom is reasonable from its valence electron count 0 

one). A cubic metre of copper has a mass of 9.0 x 103 kg 
Since 6.0 x 1021 copper atoms have a mass of 63.5 g. 

so n = 6.0 x 10
23 

x9.0x106 =8.5 x IOU 
63.5 

which gives, 

1.5 

VJ = 8.5 x I028xI.6xlO-19x I.OxlO-7 

= J.1 X 10-3 ms- I = 1.1 mms- I 
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(b) An electric field travelling along the conductor has a speed 
of an electromagnetic wave, namely equal to 3.0 x lOs ms- I

. 

The drift speed is, in comparison, extremely small ; smaller 
by a factor of 10- 11 • 

A STRUCTURAL MODEL fOR ELECTRICAL 
CONDUCTOR 
Consider a conductor as a'regular array of atoms containing free 
electrons (sometimes called conduction electrons). Such 
electrons are free to move through·the conductor. In the absence 
of an electric fi eld, the free electrons move in random directions 
with average speeds of the order of 106 m/s . The situation is 
similar 10 the motion of the gas molecules confined in a vessel 
that we studied in kinetic theory of gase~ . In fact, the conduction 
electrons in a metal are orren called eleclr05 gas. 

Conduction electrons are not totally frec because the)' are 
confined to the interior of the conductor :lIld undergo frequent 
collisions with the array of atoms. The collisions are the 
predomi nant mechanism contributing to the resistivity of a metal 
at normal temperatures. Note that there is no current in a 
conductor in the absence of an electric field because the average 
velocity of the free electrons is zero. On an average, just as many 
e lec trons move in one direction as in the opposite direction, so 
there is no net fl ow of charge. 

However, the si tuation is modified, when an electric field is 
applied to the metal. In addition to the random thermal motion, 
the free electrons drift slowly in a d irection opposite that of the 
electric field, with an average drift speed of ~,. which is much 
less (typically 10-4 mls) than the average speed between 
collisions (typically 106 m/s) . 

In our structural model, we shall assume that the excess kinetic 
energy acquired by the electrons in the electric field is lost to the 
conductor in the collision process. The energy given up to the 
atoms in the collisions increases the tOlal vibrational energy of 
the .aloms, causing the conductor to warm up. The model also 
assumes that an electron 's motion after a collision is independent 
of its motion befor~ the collision. 

On the basis of our model, we now take the first step towards 
obtaining an expre.~sion of the drift speed. Let a mobile charged 
particle of mass m and charge q is subjected to an electric field E. 
For electrons in a metal F~ = eE. The motion of the electron can 

be detcrmined from Newton 's second law, L,F=III.ii . The 
acceleration of the electron is 

_ L,F F, -,ji: 
a = -- = - = (i) 

m~ lilt III~ 

The acceleration, which occurs for only a short time interval 
between coll isions, changes the velocity of the electron. Because 
the force is constant, the acceleration is constant, and we can 
model the electron as a particle under constant acceleration. If 
Vo is the velocity of the electron just after a collision, at which we 
define the time as t = 0, the velocity of the clectron at ti me t is 

_ _ _ _ eE (",", j 
v = vo+ ut =vo- - ' 

lIIe 

Etectric Current and Circuits 5.7 

The motion of the electron through the metal is characterized 
by a very number of collisions per second. Consequently, we 
consider the average value of v over a time interval comparcd 
with the time interval between collisions, which gives us Ihe d rift 
velocity Yd' Because the velocity orthe electron aftet a collision 
is assumed to be independent of its velocity before the collision, 
the initial velocities are randomly distributed in direction , so 
thaI the average value of Vo is zero. In the second tenn on the 
right of equation (ii), the charge, electric fie ld, and the mass are 
all constant. Therefore, the only factor affected by the averaging 
process is the time I . The average value of this term 

is (-eE l m~ }r, where 'f is the average time interval between 
collisions. Therefore, eq. (ii) becomes, after the averaging 
process, 

_ - eft 
vd = - - 'f (ii i) 

m~ . : 
Substituting the magnitude of this drift velocity (the drift 

speed) into equation 1,,"1f. = 8Q = nevJA, we have ", 
(iv) 

According to Ohm's law, the current is related to the 
macroscopic variables of potential difference and resistance: 

as 

1= 8 V 
R 

Incorporating equation R = p!...., we can write this expression 
A 

h.V AV 
/ - ----A - (p~) -pl 

In the conductor, the electric field is uniform, so we use cq, 
8 V = El, to substitute for the magnitude of the potential 
difference across the conductor: 

E ( £ 
1= -A =-A 

pI P 
Setting the two expressions for the current, equations (iv) 

and (v) , equal we solve for the resistivity: 

ne2£ E m~ 
f.= - - TA= - A-+p=-,-

III, p neT 
(vi) 

According to this structural model, resistivity does not depend 
on the electric field or, equivalently, on the pote ntial difference, 
but depends only on fixed parameters associated with the 
material and the electron. This feature is characteristic of a 
conductor obeying Ohm's law. The model shows that the 
resisti vity can be calculated rrom a knowledge of the density of 
the electrons, their charge and mass, and the average time interval 
Tbetween collisions. 

We can also wri te current d~,"-sity as 

(
' E ) n,' 1= nev" = (ne) - 1' = -rE 
m m 
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5.8 Physics for IIT-J EE: Electricity ~nd Magnetism 

IIImltration 5.n A coppc~ wire of cross-sectional area 3.00 

x 1O-fi m 2 carries a current 10.0 A. Find 

a. The drift speed of the electrons in the wire. Assume that 
each'copper atom contributes one free electron to the 
body of material. 

b. The average time between collisions for electrons in the 
copper at 20°C. The density of copper is 8.95 glcm3, 

motor mass of copper 63.5 glmol, Avagadro number 
6.02 x 10-23 electron I mol and resistivity of copper. 

Sol. 
a. The volume occupied by 63.5 g of copper 

M 63.5 3 ' v= -= -- =7.09cm/mol 
p 8.95 

As each copper atom contributes one free electron to the 
body of the material, the density of free electrons is 

23 
6.02xlO 848 10" 1 / ' -<i =. x e ectron m n = 
7.09xlO 

The drift speed 

I v - -_. 
d- neA' 

10.0 
v,,= 

8.48x 1028 x 1.60x 10- 19 x 300 X IO-fi 

= 2.46 x 10-4 m/s 

b. Average time between collision for electrons 

MOBILITY 

<= 

9.lOx 1O-3! 
=--~~~~~--~ 

8.48 X 1028 x (1.6xlO-!9)2 x1.7xlO 8 

= 2.5 X 10-14 s 

As we have seen, conductivity arises from mobile charge 
carriers. In metals, these mobile charge carriers are electrons; in 
an ionized gas, they are electron and positive charged ions; in an 
electrolyte, there can be both positive an negative ions. In a semi
conductor material such as germanium or silicon, conduction is 
partly due to electrons and partly due to electron vacancies called 
holes. Holes are sites of missing electrons which act like positive 
charges. 

An important quantity is the mobility )1 defined as the 
magnitude of the drift velocity per unit electric field 

11= 
v, 
E 

Diustration 5.12 Consider a conductor of length 40 em 

where a potential difference of 10 V is maintained between the 

ends of conductor. Find out the mobility of the electrons provided 
the drift velocity of the electrons is 5 x 1O-fi ms-t • 

Sol. Given L=40cm, v= 10 V ,v,,= 5 x lO-Oms-1 

To find the electron mobility we need the value of the electric 
field which can be obtained using following formula 

E = !:: 
I 

IO 
=> E= - =25V/m 

0.4 
Also the formula used for electron mobility: 

_ vd _ 5xlO-fi _ 1 10-(; 
)1- E - 25 - Sx 
= 0.2 x 10-0 = 2x 10-7 m2 V - 1s-1 

Effect of temperature on resistivity and resistance: As long 
as the temperature of the material is constant, the resistivity of 
material also remains ·constant. As the temperature of material 
increases, the relaxation time (1) decreases the resistivity increases 
and hence resistance also increases. 

As the number of electrons per unit volume goes up, the 
resistance decreases. This can be easily visualized, since if the 
density of electrons increases, more electrons can flow in 
response to the potential difference and hence the current will 
increase. Therefore, the resistance will decrease. 

TEMPERATURE COEFFICIENT OF RESISTIVITY 
Let us study the equation 

RT= RTO[1 + of.,T - To) + fJ:..T - To)2] 

where a and P both are called temperature coefficients of 
resistance, though different in magnitude. 

Temperature Coefficients of Resistance 

In case of pure metals, P is negligibly small, so the resistance 
varies linearly with the rise of temperature (see Fig. 5.10). 

RT= RTO[ I + acT - To)] 

where RT = resistance at temperature T 

RTO = resistance at temperature To (called reference tem
perature). 

f -j 
~ 
o 

a= a constant for a given metal and for a given 
reference temperature and is called temperature 
coefficient of resistance. Its unit is per degree 
temperature (OC- I

). 

;.~-- For conductors 

Temperature 

Fig. 5.10 

For alloys such as 

Manganin, constantan, 
nichrome, eurcka 

For semi"';onduetors, 
carbon and insulators 
and al so electrolytes 
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To is some reference temperature generally either ooe or 20°C. 
a is (+) for metals, .004 per degree for Cu, (+) but very small 
(almost zero) for alloys such as mangain (0'= .0000 I per degree), 
nichrome, constantan, eureka, and (-) for semiconductors and 
insulators. 

Let 

p 

t·) 1 

p 

to) 
1 

PT= Al[1 + aCT - To)] 

Pr- Po = apo (T - To) 

a= ~ x -'7,ih!;---;,;Po",) 
Po (T To) 

7 
Temperature __ 

Conductors e.g., Hg 
becoming super conductor 
al very-very [ow temp. 

P 

td) 1 

2 4 6 8 10 
Temperature (K) _ 

Fig.S.lI 

(see Fig.5.It) 

1 dp 
p = -x

P dT 

Alloys e.g. maganin, 
nichrome very-very [ow 
temp. coeff. 

Temperature __ 

Carbon, 
Semi- conductors 
& inSlilalors 

Temperature _ 

These observations can be understood qualitatively using the 

1 • c ... m re atlon lor reSIstivity: p = -,
n, < 

For metals, the number of free electrons is fixed. As 
temperature increases, the amplitude of vibration of atoms/ions 
increases and collisions of electrons with them become more 
effective and frequent, resulting in the decrease in t' and hence, 
increase in p. Thus for metals, P increases with temperature. 

Finding Coefficient of Resistance 

i. 0'= R2 - RI where, R2 = Resistance at 12°C and 
R](t2 -f]) 

R] = ResisUlnce at I] °e 
Derivation 

RI = Ro(1 + afl) 

R2 = Ro(1 + a(2) 

Dividing equation (ii) by equation (i) we have 

R2 = l+af2 
RI l+atl 

(i) 

(ii) 

Electric Current and Circuits 5.9 

(Using binomial theorem and thus neglecting higher terms) 

R 
...1. = (1 + at2)(l - at \) 
R, 

(since 0'2 is very small and hence neglected) 

R2 -R] 
ii. 0'= ; where R2 = Resistance at t2 °e 

R]/2 R2tl 

Derivation 

R[ = Ro(l + al[) 

R2 = RoO + at2) 

Dividing equation (ii) by equation (i), we have 

R2 =1+a'12 
RI l+afl 

R -Ro 
iii. a =....!.o........; where R t = Resistance at tOe and 

R,t 
Ro = Resistance at 0 °e 
Derivation 

Rt=Ro(l+at) ~ Rt - Ro=Roa'l 

Rt -Ro 
a=---

Rot 

! 

(i) 

(ii) 

lIIustrationS.13 A copper coil has a resistance of20_0 Q at 

O°C and a resistance of26.4 Q at 80°C. Find out the temperature 

coefficient of resistance of copper. _ 

Sol. R80"C = RO"dl + a6.T] 

~ 26.4Q = 20.0Q [1 + ax (80-0)] 

26.4 = 1+800' 
20 

On solving, a=4x 1O-3°e- l • 

Illustration 5.14 A metallic wire has a resistance of 120 Q 

at 20° C. Find the temperature at which the resistance of same 

metallic wire rises to 240 Q where the temperature coefficient 

of wire is 2 x 10-5 °C-I
. 

Sol. Given R] = R20• R2 = R.,= 120 Q, f =?, 0'= 2 X 10-4 °C- J
, 

tl = 20°C. 12 = T=? 

Formula used to find the temperature coefficient of resistance 

a= 
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5.10 Physics for IlT·JEE: Electridty arid Magnetism 

240-120 

120(T-20) 
T.-20= 120 

120x2xlO-4 

1 
T= --'-~7 + 20 = 0.5 X 104 + 20 = S0200e 

2x 10 

VALIDITY AND FAILURE OF OHM'S LAW 
Ohm's law is nota law of nature, i.e., itis not a universal law which 
would apply everywhere, under all conditions. Ohm's law is 
obeyed by metallic conductors, which accordingly are called ohmic 
conductors, that too at about normal working temperatures. At 
very high currents/voltages, even ohmic conductors do not 
follows this law as shown in the following sketch. Semi
conductors also do not fol low ohm's law a~ shown Figs. 5. 12 and 
5.13. 

-, 
WI 

., 
(I1A) 

-v 

0 

V-I curve 
for ohmic + I 
conductors 

o 

-/ 

Fig 5.12 

., -, 
(dV) 

-, 
(I1A) 

V- lcurvooh 
Diode juTltlion 

Fig, 5.13 

., 

0 
., 

-, 
V- lc"rvcof~ 

ThyriSlcr 

Thus, Ohm's law is not followed in the following cases: 
Materials: (i) Vacuum tubes (ii) Crystal rectifiers 

(iii) Transistors (iv) Thermistors, thyristors (v) Superconductors 
ConditiOlls: (i) At very high temperatures (i i) At very low 

temperatures (Superconductivity) (iii) At very high potential 
differences 

Concept" Application Exercise 5.1 

1. How many electrons pcr second pass through a section of 
wire carrying a current of 0.7 A? 

2. A current 0(7.5 A is maintained in a wire for 45 s. In this 
time (a) how much charge and (b) how many electrons 
flow through the wire? 

3, If 0.6 mol of electrons flow through a wire in 45 min, what 
arc (a) the total charge that passes through the wire and 
(b) the magnitUde of the cilrrent? 

4, A typical copper wire might have 2 x 1021 free electrons in 
lcm of its length. Suppose that the drift speed of the 
electrons along the wire is 0.05 cm/s. How many electrons · 
would pass through a given cross-section of the wire each 
second. How large a current would be flowing in the wire? 

5. A coil of wire has a resistance of 25.00 0: at 20°C and a 
resistance of 25.17 Q at 35°C. What is its temperature 
coefficient of resistance? 

6, A metal wire of diameter 2 mm and of length 300 m has a 
resistance of 1.64240 at 20°C and 2.415 0 at 15°C. Find 
the values of a, R 0' and Po' ;:"'here the zero subscript refers 
to ooe, and P200C' Identify the metal. 

7. It is desired to make a 20 0: coil of wire which has a zero 
th.ermal coefficient of resistance. To do this, a carbon 
r~;istor of resis tance R 1 is placed in series witb an iron 
resistor of resistance R2. The proportions of iron and 
carbon are so chosen that R 1 + R2 = 20 0: for all \ 
temperatures near 20°C. How long are R 1 and R2? 

8. A resistance thermometer measures temperature by the 
increase in resistance of a wire of high temperature. If the 
wire is platinum and has a resistance of iO 0 at 20°C and a 
resistance of 35 Q in a hot furnace, what is the temperature 
of the furnace? (a for platinum is 0.0036 0C- I.) 

9. Though the drift velocity of electrons responsible for 
cu~rent in a conductor under ordinary circumstances is 
very small even then lights in a room turn on immediately 
after the switch is closed. Explain why and how? 

10. a. A steady current flows in a metallic conductor of. non
uniform cross-section. State which of the quantities 
current, current density, electric field, and drift velocity 
remains constant? 

b. A steady current passes through a cylindrical conductor.' 
Is there an electric field inside the conductor? 

11. A potential difference V is applied to copper wire of 
diameter d and length L. What is the effect all the electron 
drift speed of doubling (a) voltage V; (b) length L; and 
(c) diameter d? 

12', The current-voltage graphs for a given specimen at two 
different temperatures T j and T2 are shown in Fig. 5.14. 
(a) is the specimen ohmic; (~) at which temperature 
resistance is greater; and (c) which temperature is higher? 

T, 

I 
T, 

I<'ig. 5.14 
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13. A wire has a resistance R. What will be its resistance if 
(a) it is double on itself and (b) it is stretched so that (i) its 
length is doubled (ii) its radius is halved. 

14. The current in a wire varies with time according to 
the equation i = 4 + 2" where i is in ampere and I is in 
sec. Calculate the quantity of charge which has passcd 
through a cross-section of the wire during the time' = 2 s 
to, = 6s. 

15. The following table gives the length of three copper rods, 
thelr diameters, and the potential differences between their 
ends. Rank the rods according to (a) the magnitude of the 
electric field within them, (b) the current density within 
them, and (c) the drift speed of electrons through them, 
greatest first. 

Rod Length Diameter P.O. 

I L , 3d V 
2 -,: 2L d , lV ., 

' 3 3L 2d 2V 

16. V-I graph for a metallic wire at two different temperatures 
TI and T2 is as shown in the Fig. 5.15. Which of the two 
temperatures Tl and T2 is higher and why? 

T, 

I 
T, 

1 
v 

Fig. 5.15 

17. The voltage-current variation of two metallic wires X and 
Y at constant temperature are as shown in the Fig. 5.16. 
Assuming that the wires have the same length and the same 
diameter, explain which of the two wires will have larger 
resistivity. 

I 

x 

v 
Fig. 'S.16 

y 

18. What is the drift speed of the conduction electrons in a 
copper wire with radius r ::: 900 !-1m when it has a uniform 
current i = 17 mA? Assume that each copper atom 
contributes one conduction electron to the current and the 
current density is uniform across the wire's cross section. 

19. A beam contains 2.0 x 10M doubly charged positive ions 
per cubic centimeter, all of which are moving north with a 
speed of 1.0 x 105 m/s. (a) What are the magnitude and 

~ 

direction of the current density J? (b) Can you calculate 

Electric Current and Circuits 5.11 

the total current i in this ion beam? If not, what additional 
informntion is needed. 

20. The current density across a cylindrical conductor of 
rad ius U varies in magnitude according to the cquation 

J =Jo(l -~). where ris the distance from the central axis. 

Thus, J he ciJrrent density is a maximum Jo at that axis 
(r = 0) and decreases linearly to zero at the surface (r = U). 
Calculate the current in terms of Jo and the conductor's 
cross-sectional area A = ffR 2. 

21. Figure 5.17 shows aconductorof length I having a circular 
cross-section. 

aIO--- -------------( )lb 
I 

Fig. 5.17 

The radius of cross-section varies lineurly from a to b. The 
resistivity of the material is p. Assuming 'that b·a H /, find 
the resistance of the conductor. 

22. If a copper wire is stretched to make itO. I % longer, what is 
the percentage change in its resistance? (llT-JEE,1978) 

23. A copper wire buving crosscsectional area of 0.5 mm2 and 
a length of 0.1 m is initially at 25"C and is thermally 
insulated from the surrounding. If a current of I 0 A is set 
up in this wire, (a) find the time in which the wire will start 
melting. The change of resistance with thc tempcrature of 
the wire may be neglected. (b) What will this time be, 
if the length of the wire is doubled? (IIT-JEE,1979) 

ELECTROMOTIVE FORCE AN D POTENTIAL 
DIFFERENCE 

A device which can supply energy to charge curriers and thereby 
maintain their flow in a circuit is called a set of electromotive 
force (abbreviated as an e.m.f). A voltaic cell, a thermocouple, 
and a coil rotating in a magnetic field are some common 
examples of the seats of e.m.f. Thus, a scat of emf is a device in 
which energy is converted from non-electrical to electrical form 
and in which chargc carriers arc passed on from lowcr potential 
to higher potential. The e.mJ of such a device is measured by the 
rate at which theen'ergy is convelted from non-electrical to electrical 
fonn during the passage of unit charge. If t.W = energy converted 
into the elcctricalfonn when t.q amount of electricity passes through 
it, then e.mJ (t') of the device is given by t':= (6.W/t.q) joule per 

. coulomb or volt. Thus, charge carriers carrying 6.q amount of 
charge receive 6. W := t't.q joules of cnergy while passing through 
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. 5.12 Physi~ for IIT·JEE: f(Ktridty ~rld Magnetism 

a seal o f e .m.ffrom lower (negative) potential plate to the higher 
(positive) potential plate (see Fig. 5.18). 

(0) 

(b) 

(,) 

+ 
+ 

--

-

, 
I~ 

F. -- b , 
i! • 

F. 
-+'-

Source of emf 
nOi connected (0 a circuit: 

electric-field foree f . 
has the $lime magn itude as 
non·electrostatic force Fw 

F -

8 

....:.... 
f!.-, E _ 

+ • 
~ 

i! 
E -

++ 
-. 

E --

Source of emf connected to a circuit: 

elec tric-field force F. has the same 
magnitude as non-electrostatic force F"-

Fig. 5.18 

~he potential difference between any two points is defined as 
the energy given up by charge carriers carrying unit charge and 
is, therefore, equal to the work done by the charge carriers 
carrying unit charge from one point to the other. 

If 11 W is the energy given up by charge carriers carrying 6q 
charge then the potential difference between the ends of a current 
carrying conductor is V = {~W)I(~q)joule per coulomb or volt. 

Vat>= e 

Now let's make a complete circui t by connecting a wire path 
resistance R to the terminals of a source [as shown in Fig. 5.18(c»). 
The potemial difference between tenninals a and b sets up an 
electric field within the wire; this causes current to fl ow around 
the loop from 0 to b, from higher to lower potentia!. Notice that 
where the wire bends, equal amounts of positive and negative 
charge persist on the " inside" and "outside" of the bend. These 
charges exert the forces that cause the current to follow the bends 
in the wire. 

From V = IR (equation of relationship between voltage, current, 
and resistance), the potential difference between the ends of the 
wire in Fig. 5. 18(a) is given by V"" = fR. Combining with equation 
(i), we have, 

(0) 

That is, when a positive charge q flows around the circuit, the 
potential risc eas it passes through the ideal source is numerically 
equal to the potential drop Vuh = IR as it passes through the 
remainder of the circuit. Once e and R are known, this relation 
determines the current in the circuit. 

Difference Between e.m.f (E) and 
Potential Difference (V) 
As the name suggests potential difference (p.d.) between two 
points is the difference in their potentials. Terminal p.d. of a cell, 
however, has a special meaning. It means p.d. between the 
terminals of a cell in closed circuit, i.e., when the current is 
fl owing through the cell. E. m.f is the p.d. between the terminals 
of a cell in open circuit, i.e., when no current flows through the 
cell. . 

INTERNAL RESISTANCE OF A CELL 
Real SOtlfCCS in a circuit do not behave in exactly the way we 
have described. The potential difference across a real source in a 
c ircuit is not equal to the e.m.f. The reason is that charge moving 
through the material o f any real source encounters resistance. We 
call this the internal res is(ance of the source, denoted by r. If th is 
resi~ (ance behaves according to Ohm's law, r is constant, and is 
independent of the current I . As the current moves through r, it 
experiences an associated drop in the potential which is equal to 
Ir. Thus. when a current is flowing through a source from the 
negative terminal b to the positive terminal 0, the potential 
difference V"b between the terminals is Vub = B-Ir. 

B 

I 
(.) 

1 

c~ : :;TJ 
~, : : : : 
" ,' I ' 
" ,' I ' 
v , : ' ' , 

I , , , 
IR 

(b) 

Fig. 5.19 
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A cell of emf eaJways has some internal resistance r. 
If a current I is drawn from the cell, a potential drop Ir occurs 

inside the cell and therefore, if the potential difference between 
the terminals of the battery is V, then 

e- V=lr ~ e-Ir ~ Vtt-Vn=e - Ir 

If the external resistance is R, then 

V=/R ::::} 8- lr ::::} 1=(-'-) 
R+, 

Variation of the potential difference in different parts of the 
circuit is shown in Fig. 5.19. 

COMBINATION OF RESISTANCES 

Resistances in Series 

If resistances are connected as shown in Fig. 5.20 such that the 
current flowing through them is the same, the resistances are said 
to be in series. 

~ IL;~I 
v 

Fig. 5.20 

If I = current flowing through the resistances then potential 
drop across each is 

VI = fR I> V2 = IRz> V3 = 1R3 

_Adding, Vl + V2 + V3 = f(R] + R2 + R3) 

but VI + V2 + V3 = V, so we get from equation (i) as 

V=I(R)+R2 +R3) 

(,) 

where V = Potential difference across the combinations. Also 
from Ohm's law V = IR (ii) 

From equations (i) and (ii), we get R = R) + R2 + R3 where R 
is known as equivalent resistance. 

Resistances in Parallel 

If the resistances are connected between the same two points such 
that the potential drop across each resistance is same, then the 
resistances are said to be in parallel (Fig. 5.21). 

, 
" 

Fig. 5.21 

In this case, if V is the potential difference between the points 
A andB, then 

Electric Current and Circuits 5.13 

i.e., 

. V . V . V 
1)= -, '2 = -' and 1)=-

R) R2 R3 

total current flowing through the battery 

. . . . V V V 
/= /) +IZ+ '3 = -+-+

R) R2 R3 

i= v(~+~+~) 
R) Rz R3 

Also by Ohm's law, i = VIR, whereR is the equivalent resistance 

between A and 8. So we get ~ = (~+ ~ +~) 
RR) R2R) 

Voltage Divider 
In a series circuit, current through each resistor is the same (see 
Fig. 5.22). 

V= V) + Vz+ V) = IR) +IR2 + 1R3 

I = -;;-c:-;V;-,-;;-
R)+R2 +R3 

VR) , Vz = ~_V-,R",~_ 
R( +R2 + R3 R) +Rz +R) , 

" 1 " 
~ ,::-, ',1 " 

" 1 " 
Fig. 5.22 

Current Divider for Two Resistances 
Prom Fig. 5.23, we have, 

1=/)+/2 

I)R ) = / 2R 2 

-
Fig. 5.23 

On solving equations (i) and (ii), we get, 

I - ( R, )1' I _( R, )1 
(- R)+R2 ' 2- R,+R

z 

(i) 

(ii) 
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5.14 Pnysics for IIT.JEE: f!tclric.i~· and Magn.etism 

The di vision o f current in the branches of a parallel circuit is 
inversel>: pro portional to their resistances. 

Current Divider for Three Resistances 
The division of current in lhe branches of a parallel circuit is 
inversely proportional to their resistances (see Fig. 5.24). 

Fig. 5.24 

1=/1+./2+ /3 

flR I = f2R2 = f3R) 

It is easy to remember the expressions for fl' f2' and f3. Notice 
which resistance is missing in the numerator. 

In all parts of Fig. 5.25, the resistances R!, R2, and R3 are 
connected in parallel between two the points M and N. 

M N 

(0' 

R, 

R, 

M N 
(d, 

R, 

R, 

M 

(b, 

M -N 
(0' 

Fig. 5.25 

N M 

(0' 

M 

N 
<n 

N 

CalcuLation of Effective Resistance 

Method of Successive Reduction 
It is the most common method to determine the equivalent 
resistance. This method is applicable only when we are able to 
identify resistances in series or in parallel . The method is based 
on the simplification of the circuit by successive reduction of the 
series and parallel combinations. 

To calculate the equivalent resistance between the points M 
and N, the network shown in Fig. 5.26, 'may be successively 
reduced 3S described step by step. 

R 

(., 
p 

, p 

, 

(b, 

r JrI2 A
o 

, _ <KNv-<> 

M N 
M r N (e) 

(0' (d) 

Fig. 5.26 

Method of EqUipotential Reduction 
This method is based on identifying the points of equal potential 
and connecting them. By doing so the electric resistance network 
reduces to an arrangement of series and parallel combinations 
that can be easily solved by the successive reduction method. 

Now the question arises how to identify the points of same 
potential? 

In this section, we will discuss the method to calculate the 
equivalent resistance and capacitance using symmetry techniques. 

There are various kind of symmetry considerations. The most 
common arc: 

• para llel axis of symmetry, 

• perpendicular axis of symmetry. 

• shifted symmetry or shifted asymmetry, and 

• path symmetry. 

We will discuss each one of these in the following sections: 

Parallel Axis of Symmetry: It is along the direction of current 
flow. 

Let us discuss this concept by an ex·ampie. 

In the circuit shown in Fig . 5.27 (a), even though the resistors 
1 and 2 do not appear to be connected in parallel, but they can be 
treated as parallel, why? For explaining this, we have to use the 
concept of symmetry. Note that the circuit is symmetric about the 
line MN. Therefore, all characteristics such as potential and 
current should also be symmetrical. 
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. J, (]) @ Q) 
R R R 

I, 
I, 

M R® 0J N 

I, I, R 
I, 

R R R 13 

(j) ® QJ 

('l 

X 

Q) @ 
R R (])R 

M ® 0J N 

2R 2R 

R 
R ®R 

(j) (j) 

y 

'hl 

Fig. 5.27 

From this, it means that current in 1 (It) = current in 2(12), Current 
in 3(13) :::: current in 4(14), Current in 7 (11) = current in 8 (/s), hence 
potential difference across 1 is equal to the potential difference 
across 2. 

Note that the conditions for I and 2 to be in parallel arc 
satisfied: Hence we can consider them to be in parallel, however 
if one of the resistors had a different value, we cannot use this 

method. 

Perpendicular Axis of Symmetry: It is perpendicular to the 
direction of flow of current. 

Consider the circuit diagram given in Fig. 5.27 (b). The circuit has 
perpendicular axis of symmetry about XY. 

The perpendicular axis of symmetry means, that the circuit 
diagram is symmetric except for the fact that the input and output 
are reversed. That is only the flow of current will not be a mirror 
image about this particular ax.is. For ex.ample, in the above case, 
element I and 4 are symmetric about XY, but the current flow 
condition is not a mirror image. The current flow condition is in 
the same direction. 

This implies that current into 6 = current out of 5, current into 
I = current out of 4, etc. 

Perpendicular axis of symmetry is a very powerful principle. 
In fact just by looking at the circuit, we can easily say that since 
the circuit has perpendicular axis of symmetry about XY, no 
current will flow in elements 7 and 8. 

Therefore, we can ignore these two elements completely, in 
some cases, we may not be able to use symmetry to simplify the 
circuit, but we can find out some of the characteristics of current 

Electric Current and Circuits 5.15 

Ipotential based on symmctry. We should always look out for 
these characteristics and usc them as much as possible-:-

Illustration S.lS In the network shown in Fig. 5.28 find the 

equivalent resistance across the points M and M'. 

Fig. 5.28 

Sol. 
i. The allis MM' is the parallel axis of symmetry, and the allis 

NN' is the perpendicular allis of symmetry. 

Fig. 5.29 

ii. Points lying on the perpendicular axis of symmetry may 
havc same potential. In the given network, points 2, 0, and 4 
are at the same potential. 

iii. Points lying on the parallel axis of symmetry can never have 
the same potential. 

iv. The network can be folded about the parallel axis of 
symmetry, and the overlapping nodes have same potential. 

Thus, as shown in Fig. 5.29, 'the following points have same 
potential, (5 and 6), (2, 0, 4), (7 and 8). 

After folding the network about the axis AA'-the circuit may 
be simplified by using the method of successive reduction 
(Fig. 5.30). 

(Cantd.) 
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5.16 Physics fOf IIT.JEE: Electricity ilIl'Id loIagnetism 

, 

<D 

(j) 

(b) 

(1)@ R 

(,) 

R OQ)@ R 

(') 

JR/4 JRl4 

C\C\ 
(j) 1. 0<v@ Q) 

(,) 

31.17 31.17 

~® 
(f ) 

61.17 
~ 

<D ® 
, (g) 

Fig. 5.30 

Shi/tJd Symmetry 
Shifted symmelry is the same as th~J~aralle l axis of symmetry and 
the perpendicular axis of symmetry principles, except that the 
symmetry is shifted. (Figs. 5.3\(a) and (b)J 

x 

<D @ 
2. 2. 

M • (l) N 

• 
Q) 

y 

(,) 

Fig. 5.31 

x 

(i) 
2. 

M • (l) 

R 2. 
(j) @ 

y 

(b) 

Fig. 5.31 

Consider the following situation: 

In this case, the system has a perpendicular axis of symmetry 
about MN, therefore we can say that current in I must be equal 
to the current out of 4. 

In Fig. 5.3 1 (b) if we interchange the positions of 3 and 4the 
diagram still has perpendicular axis of symmetry of xy, but the 
positions have been interchanged. Now we can say that the 
current in I = current in 4. 

Path Symmetry 
Path symmetry is also very pOwerful method that one can use. In 
case of path symmetry: "If all palm from one poinllO'onorher 
point have the same configuration of resistance or capacitance, 
then the charge or current into the beginning of the path mllst be 
Ihesame". 

lIJustrution 5.16 Consider a more complex cxample where 

you have resistors on all e-dges of a cube. The resistors are all 

the samc. Then Ond the equivalent resistance between the 
edges A and B as shown in Fig. 5.32. 

B 

• 

• 

A 

Fig. 5.32 

Sol. Let us number the comers as I, 2, 3, ... and so on as shown 
in Fig. 5.33 . 

a ( I - 8 - 1- 6), b( 1 - 2 - 1- 6), c(l- 8 - 5 - 6), d( 1 - 2 -
3-6), e( 1 -4 - 5 -6), [(1 - 4 - 3 -6) 

Now for each of these paths we have identical resistances. Let 
the current entering at pointA be I. The current will be distributed 
equally among all the three parts. Therefore, we can say that 
current is 
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B 

Fig, 5,33 

Now look at all paths from 2 to 6, We have the following paths 
8(2 - 7 -6) andh(2 - 3 -6), 

Since they also have the same resistances. we can assume that 
current in 2-3 and current in 2-7 must be same; Therefore 

.127=/23= ~(~)=~ 
Similarly we can say that /43 = /45 = 185 = /S7 = 116 

B 

I 
R lI36 

1I3 

lI6 R 
4 R R 

3 

R lI6 g R 
7 

lI3 
R 1I3 

1113 R I 
A 

Fig. 5.34 

Therefore to calculate the potential difference across 1---6 (see 
Fig. 5.~4) the path A1276 we have 

~ -~R-!..R-!..R=V. ::::) V, -V6 = I [!!..+!!..+!!..] =~ IR 
1 3 63 6 .

1 3636 

Hence" (VI - V6)= ~ R 
I 6 

Therefore equivalent resistance is ~ R. 

Illustration 5,17 In the given circuits [Figs. 5.35 (8) and (b)] 1 , 
and 2'calculate the resistance between the pointsMM'. 

M M' 

Fig. 5.35 (a) 

Electric Current and Circuits 5.17 

M M' 

Fig, 5,35 (b) 

Sol. 
1. When a circuit is symmetrical about a line ac (by symmetry 

we mean that the t""!o parts "are mirror images of each others). 
then the potential and current must also be symmetrical 
[see Fig. 5.36 (a)]. Therefore, current in ab and ad is same. 
Current in de and be is also same. Potentials of the points 
b, e, and d are same. The equivalent circuit is redrawn, the 
equivalent resistance is '213 R. Note that there is no current in 
branches be and ed. 

M 0 

, , 
" 

" , , ,.) 

.) 
Fig. 5.36 

, M' 

Another symmetry is visible along the line bd. The current 
flow is not a mirror image in branches ab and be because the 
flow is in the same direction. This is called asymmetric 
condition. The spe,cial thing about this asymmetry is that 
current incoming at b is equal to outgoing current, similar 
situation exists at b and d also. Thus.resistors in branches be 
and de are ineffective. 

2. In Fig. 5.37 there is asymmetry along line xy. The current 
. reaching 0 (i2) is equal to the outgoing current that means 
there is no mingling, of current from upper braneh and lower 
branch into the middle branc·h. 

6 

M (, 

:x , 
R' 

:R , 

" ,.) 

, 
M' -

(Contd.) 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



5.18 Physics for IIT·JEE: Electrtcity and Magnetism 

• 

Fig. 5.37 

The resulting circuit is simple enough, the equivalent 
resistance is 4R/5. 

IIIustr"dtion S.18 In the Fig. 5.38 (a), the resistances are 

connected as shown. Determine the equivalent resistance 

between pointsA andD. 

-
8 C 

100 

(.) 

20 

20 -
(b) 

Fig. 5.38 

Sol. Points Band C, and E and Fare at the same potential, so the 
circuit can be redrawn as shown in figure. Thus, the equivalent 
re~tan~e is In. There exists parallel axis of symmetry. The points 
ac'ross the parallel axis of ·· symmetry can be treated as 
equipotenital points, 

KIRCHHOFF'S LAW: KIRCHHOFF'S LAWS 
FOR ELECTRICAL NETWORKS 
As indicated in the preceding section, some simple circuits can be 
analyzed using 6. V = IR and the rules for series and par~lIel 
combinations of resistors. R.esistors, however, can be connected 
so that the circuits formed cannot be reduced to a single 
equivalent resistor. Consider the circuit in Fig. 5.39, for example. If 
either battery were removed from this circuit, the resistors could be 

combined with the simple, either series or parallel, combinatIon. 
With both the batteries present, however, that cannot be done. 

140V 

• .-------,~ f-- ---.! 
+ -

4.00 

)/, 

2.00 d 

Fig. 5,39 

· The procedure for analyzing such circuits is greatly simplified 
by the use of two simple rules called Kirchhoff's rules: 

• At any junction, the sum of the currents must be equal to zero: 

L = 0 
iUlIClion 

This rule is often referred to as the junction rule. In Fig. 5.39 
there are junctions at band c. 

• The sum of the potential differences across each element 
arou~d any closed circuit loop must be zero: 

L=O 
'"" 

This rule is usually called the loop rule. In Fig. 5.39 we can 
identify three loops: abcda, aefda, and befcb. 

Kirchnoff's rules are generally used to determine the current in 
each element in the circuit. By using these rules, we first draw the 
circuit diagram and assume a direction for the current in each 
device of the circuit. We draw an arrow representing that direction 
next to the device and assign a symbol to each independent 
current, such as II ' 12, and so on. Figure 5.39 shows the three 
·different ·currents that exist in this circuit. Keep in mind that 
currents in devices connected in series are the same, so the 
currents in these devices wilfhave the same assigned symbol. 

The junction rule is a statement of conservation of charge. The 
amount of charge that enters a given point in a circuit in a time 
interval must also leave that point in the same time interval 
because. the charge cannot build up or disappear at a point. 
Current with a direction into the junction is entered into the 
junction rule as + I, whereas current with a direction out of a 
junction is entered as -J. If we apply the rule to the junction. We 
have i l' ":'}2 -/3 = O. ' . 

The loop rule is equivalent to the law of conservation of 
energy, suppose a charge moves around any closed loop in a 
circuit (the charge starts and ends at the same point). In this case, 
the circuit must gain as much energy as it loses. In this isolated 
system model for the system of the circuit, no energy is 
transferred across the boundary of the system (ignoring energy 
transfer by radiation and heat into the air from warm circuit 
elements), but energy transformati~ns do occur within the 
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system. The energy of the circuit may decrease due to a potential 
drop - IR as a charge moves through a resistor or as ~ result of 
having the charge move in the reverse direction through an emf. 
In the latter case, electric potential energy is converted to 
chemical energy as the battery is charged. the potential energy 
increases when the, charge moves through a battery in the same 
direction as the emf. 

Some useful conventions to be followed In circuit analysis 
While discharging; current is drawn from the battery, the 

current comes out from positive lenninal and enters negative 
terminal. 

+If--~- ,; +11 -A .'---'-1''--- • B A ·'-~·'--'-II· .--'--, B 

Discharging Battery Charging a Battery 

Fig. 5.40 

While charging of battery current is forced from positive 
terminal of the battery to negative lenninal. 

~ 

I 
-, ~VW'v~~-: 
ARB 

[fwe traverse a resistor in 
the direction of current, the 
change in potential is-IR. 

Ve - VA= :" IR 

High Low 
potential potential 

-I 
-:---,-NVv~-----:' 
ARB 

lfwe traverse a resistor in 
the direction opposite to the 
direction of current, the change 
in potential is + IR. 

~rVe ~+JR 

Fig. 5.41 

A B 

Fig. 5.42 

If a capacitor is traversed from negative plate to positive plate, 
the charge in potential is + QIG. 

Dlustration 5.19 Calculate the current through each 

resistance in the given circuit (see Fig. 5.43). Also calculate 
the potential difference between tbe points a and b • . 

E1 =6V, .Ez=8V, 

R1=5Q, Rz=10n, 

Assume that all the cells have no internal resistance. 

R, , R, 

+ 
+ FE' + 

t ' r ' 
b 

Fig. 5.43 

Electric Current and Circuits 5.19 

Sol. The process of solving a circuit involves three steps: 

i . Assume unknowns (x, y, ... ) for currents in different branches 
of the circuit. Use the Kirchhoff's current law at the junctions 
so that the number of unknowns introduced is minimum. 
Let x be the current through R] and y be the current through 
R3 as shown in Fig. 5.44. Kirchhoff's current law at the 
junction a gives a current (x - y) through R2. 

.y 

Ll~+E' 
b 

-Fig. 5.44 

ii. Select as many loops as the number of unknowns introduced 
for curtents. Apply Kirchhoff's voltage law through every 
loop. 
Going anticlockwise through the loop containing R t and R3 
(starting from junction a) •. 

+ xR]-E] + yR3+ E3=O 

~5x+4y= - 4 (I) 

R, , " 

Fig. "5.4S 

Going clockwise through the loop containing Rz and R3 
(starting from junction a) • 

-E3 - 5x - 7y =1 yR3+ Ez + (x+ y)R2 = 0 (2) 

(i) Solve equations (1) and (2) some currents may come out to 
be negative. This simply means that their directions was 
incorrectly assumed. So the signs of the currents will give us ' 
the correct direction of each clirrent. 
Solving (I) and (2), we get 

-24 
,=--A arid 

55 
+1 

x - y= - A 
55 

-5 
y=-A 

11 

The signs indicate that the direction of x and y was assumed 
~c~tly while the direction of (x _- y ) was correct. 

The curr~nt-i (through R t) '" 25 A towards left 
55 

The current j (through R2) = 5
1
5 A towards right 

The current j (through R3) = ~ A towards right 
11 . 

The current directions are shown in the circuit diagram 
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5.20 Physics forIIT.JEE: Electricity and Magnetism 

Fig. 5.46. 
R, 

• 

r-" '------7b--~ 

Fig. 5.46 

III. Potential difference between a and b 
The p.d. between any two points in a circuit so. calculated by 
adoing changes in po~ential while going through any path from 
one point to the other point. 

Hence le~ us go from b to a through R3. 

Va - Vb= +yR] +EJ =(-S)X4+10= 90 V 
11 11 

Illustration S.20 Find the current in the branch CD in the 

circuit given In Fig. 5.47. 

B 

D 
Fig. 5.47 

Sol. Current in AB = current in BP = i2, current in AP = i3_ 

; the current in CD = ~ + i3 (using Kirchoff'sjunction law). 

Illustration 5.21 In the circuit shown in Fig. 5.48, find the 

current through the branchBD. 

D 
Fig. 5.48 

Sol. To find out the current in a particular branch in a circuit where 
resistances and voltages are given, lower loop rule is applicable. 
In order to find out the solution, the given circuit is directed into 
parts or close loops which are analysed using Kirchhoff's second 
law and'corresponding sign conventions. 

Assume the currents in the circuit .as shown in the Fig. 5.48. 
Applying KVL along the loopABDA and moving in clockwise 

direction 
-61\-3/2 + 15 = 0 => 21, +/2r 5 (i) 

While moving in the direction of current corresponding IR, 
products are taken as negative and if the negative terminal of the 
battery comes first then emfis taken as + ve (Fig. 5.49). 

I, D 

Fig. 5.49 

Applying KVL along the loop BCDB, we get 

-3(1, +liJ -30+ 312 = 0 

Solving equations (i) and (ii) for 12, we get 12 == 5A 

(ti) 

]lIu,>1mtinn 5.22 In the circult shOlm in Fig. 5.so, detenuine 

the voltage .drop between A and D. 

c 

4Q 60 

D 

Fig. 5.50 

Sol. We need to divide this circuit into three parts. We have left 
loop, right loop, and the central part. To fhid out voltage drop 
between points A and D we have to apply Kirchhoff) .. second law 
to these circuits one by one. 

Also let us assume that current I , flows in the left circuit in the 
clockwise direction and current 12 flows in the right circuit in the 
anticlockwise direction. 

Direction of both the currents is decided by the battery presenl 
in the Circuit as current flows from positive to negative. 

c 

40 60 

D 
20V 

Fig. 5.51 

Applying Kirch9ff's second law to left loop, 

- 21, -3/\+10=0 => - 5/,=-10 => 1\=2A 

Now applying Kirchoff's second law to right ioop, 

412 +6/2 - 20=0 => 10/;=20 => 12=2A 

Applying between the points A and D, 
VA - 3/,+4-412 . => VA =VD =311 +412 -4 

Putting values of 11 and 12 in the above expression 

VA.- VD = 3.2+ 4.2-4 =6 + 8-4 = lOV 

IIIustmtinn 5.13 Find the current through 12 n resistor ir 

Fig.5.52(a). 
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, 2 Y 

12n 40 
I' Y ----NVv--f---,Wv- 3 y 

,y 
Flg.S.SZ(a) 

Sol. Let V be the potential atP then applying KCL at junction P. 

lS-V V-2 V-3 V-4 
1=1[+12+13~- = - - +--+--

, 12' "6 4 8 

0< 

15 - V= 2(V -2)+3 (V-3)+1.5(V - 4)7.5 V=39 

v= 39 =5.2 V 
7.5 

2Y 

__ _ .;I",20:;..--.:,/~,;-..;;,4i\n~._ l~V 12V 

'Y 
Fig. 5.52 (b) 

IlIu~lrall1ln 5.24 Find the currenUn each part of the drcuiL 

Sol. ~pply ]ooplaw in Fig. 5.53 (b). 

1 

100 3V 

r-"I'>'V'---J-j ~ 

3n .n 

I, 
I '4. S V 

(. ) 

I, 

I 4.s~V 

(b) 

Fig.S.S3 

Eltctrit Current and Circuits 5.21 

0)-3/<:"6/] +4.5 =Oor I +2/[ ':" 1.5 

(2) 10(/- / 1)+ 3 - 6/] =0 

or 101-10/1 =- 3 
Solving equations (i) and (ii) we get 

. nd 

1= !A 
2 

I I 
I-I = ---=0 

.I 2 .2 

(i) 

(il) 

WHfATSTONE BRIDGE: .BALANCED 
WHEATSTONE. BRIDGE 

Wheatstone bridge is also known as a metre bridge or slide wire 
bridge. 

It 4 resistances P, Q, R. and S artJoined as shown in Fig. 5.54, 
both the keys (K] and KiJ are on and no current flows. through the 
galvanometer (i.e., I, =: D),.then lhe combination of resistances is 
called a balanced wtiealstone bridge. Then 

P R 
-=-
Q S 

8 ' 

1 
D 

Fig. 5.54 

If, say, S is an unknown resistance. then S == R x ~ 
Now jfwe are given R. P, and Q 

or R and ratio Q the~ we can calculate the value of S easily. 
P 

Proof: Applying Loop Rule to loop ABDA (moving in 
clockwise direction). 

0< 

-IIP+ (l - II)R=O 

IIP=(l - /I )R 

Applying loop. rule to loop BtDB 

-/IQ +(/-/I)S=O 

P R 
Dividing equa.tion 0) by (ii), we gel Q = S 

(·.'I, = O} 

(i) 

(ii) 

The balanced wheatstone bridge method is an accurate 
method because: 
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5.22 ~yslcs for IIT.JEE; Electricity ~nd Magnetism 

i. We do not have to read out deflection but we only have 10 
see that needle remains at dead zero. 

ii. It is not affected by internal resistance of cells, resistances of 
galvanometers, etc. . 

This is the principle used in the metre bridge or in the slide
wire bridge . . 

Oth~r circuits'which can form Wheatston~ bridge are: 

p 

Q I s 

l 
G 

R 

E , 
(.) 

~) 

G 
p s 

G 

(,) (d) 

Fig. 5.55 

All the four circuits, (a), (b), (c);and (d) represent a Wheat~ . 
stone bridge network, . 

COMBINATION OF CELLS 

'Series Grouping 

Suppose n cells each of emf E a'nd internal resistance rare 
connected in series as shown in Fig. 5.56. Then 

Net emf = nE; Total resistance = nr + R 

, h . " net e.m.f . nE 
current 10 I e CirCUit I = or I = --

total resistance nr + R 
E E E 

C~~:1 
Fig. 5.56 

Note: . ' 

If PDlarity o/ .m cells 4 reJ1ersed, then equiJ1ale~'t 
e,mJ= (n- 2m)E: While .tOlai resiita~ce 'ls sdUiJr + R 

i= .(nr 2m).¢ ;·<cr;j.~ ";, ,:,, , - ":', 
nr+R : '.,' ,I" ... " 

If the same current passes through every resistor tn a given 
branch, irrespective of the presence of sources in that 
branch, the resistors ~ in series even though they are not 
dirl?Ctly connected 10 each Olher. Same is true aboul 
capacitors. 

11'1 1 1'1)I'J _ ·;-¥+l~~1 
. R. 

+ 

(a) B 
• 

I 
- 1'1 - 1'1+1') 

A~C----<>B 
R j + Rl + R) + R. 

Parallel Grouping ' 

(b) 

Fig. 5.57 

Case 1: If E and, of each cell are different but stillihe positiVI 
lenninals of all cells are connected at one junction while negative 
lenninals at the other. 

A 
E, " F 

I I 
i, Ei " 

B E 

;, E, " 
R 

C D 

Fig. 5.58 

Applying Kirchhoff 's second law in loop ABCDEFA, 

E 'R' O · iREl I - I -/1'1= Ofl[ =--+-
'i . Ii. 

Similarly, we can write, 

. . R E2 
/2= -1-+-

r2 'i 
Adding all above equations, we have, 

(i , + i, + ... + i.) = -iR.1: (~) + .1:(~) 

, 
Fig. 5.59 

i2 +i2 +"'+i,, = ; 

i= -iR.1:(~)+.1:(~) 

(i 

(ii 
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i= 
L(71 E" .. 

l+RLGf R", 

L(71 1 
where, E~q= 

L(~l 
,nd R.,~ R+ Lm 

From the abo~e the expression, we can see that, i = E if 
R+r/n 

n cell of same emf E and internal resistance rare connbcted in 
parallel. This is because, 

nE/r E 
i = = 

l+nR/r R+rln 

We can also. write 

Mixed Grouping 
The situation is shown in Fig 5.60. 

1vJvv-1 hJVv'v-1 hN~~ 

1vJvv-1 hJVv'v-1' hN"'~-

1vJvv-1 hJVv'v-1lhIVVv--I 
, 

Fig. 5.60 

There are n identical cells in' a row and number of rows are m. 
E.mJ of each cell is E and internal resistanceAs r. Treating each 
row as a single cell ofe.m.fnE and internal resistance nr, we have 

as, 

Net e.m.f = nE, Total internal resistance = !!!: , m 

Total external resistance = R 
current through the external resistance R is, 

nE 
i= 

R "' + -
m 

This expression after some rearrangement can also be written 

mnE 
j = -( .Jmii'm~R~--.r,;;';:n;;" )~, '-+-2'~ m~n'~R 

From this expression we see that i is maximum when, 
n, 

or ...r;;;R = ..JnR or R = -m 
or total external resistance = tota] internal resistance. 

Electric Current and Circuits 5.23 

L' ~ 
,JI..II/v . , 

Fig. 5.61 

Thus, we can say that the current and hence the power 
transferred to the load is maximum when the load resistance is 
equal to internal resistance. This is known as maximum power 
transfer theorem. 

illustration 5.25 1~ cells each .having the same emf are 

connected in series and ~re kept in a closed box. Some of the 
cells are wrongly connected. This battery is connected in 
series with an ammeter and two cells identical with the 
others. The current is 3 A when the cells and the battery aid 
each other and 2 A when the cells and battery oppose each 
other. How many cells in the battery are wrongly connected? 

Sol, Let n be the cells in the battery that are wrongly connected, 

then 
E

B
=(12-n)E-nE = (l2-2n)E and 

rB = 12 r 

Bancry 

(,) 

Battcry 

(b) 

Fig. 5.62 

I 

So according to the given problem as shown in Figs. 5.62 (a) 

and (b), 

,nd 

,(1~2-=--=2",n)~Ec:+c.:2",E = 3 
12r+2r 

(l2 - 2n)E - 2E = 2 
l2r+2r 

(i) 

(ii) . 

D
' 'd' . (')b . (") 14-2n 3. ., 1 IVl IDg equation 1 yequatlOn 11 , - -- = -, I.e., n = 

IO-2n 2 
This means that in the battery only one cell is wrongly' 

connected. 

SUPERPOSITION PRINCIPLE 
Concepts 
Whenever a circuit has more than one cell or battery. The 
superposition principle may be used to find cu~ent and ·voltages. 
This principle is based on the fact that every cell or battery acts 
independently of the presence of others. 
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5.14 PIlysks for m.JEE: Electricity and Magnetism 

AccorBing 10 this principle, the total current J in the circuit 
equals the aJgebraic sum of currents (/\. 12, "', I,J produced by 
eachiource (cell or battery). taken one at a time. 

Mathematically, 

1=/\+/2 + ... +1,. 

The superposition splits the original two source problem into 
two one source problems. Instead of solving a difficult two source 
problem, we can $olve two simple problems. 

Detennine the current I in lhe 2 0 resistor. 

F ig. 5.63 

6 4 
1= II +/2 =-+ - =3+2=5 A 

2 2 
Find the value of I in the circuit shown in Fig. 5.64. 

",ill", ",om 
60 JO 

+ 11M 
~)Ov 

Fig. 5.64 

II = lA, 12=4A :;) 1=/] +12= 1 +4=5A 

The situation where superposition principle Is not valid: 
In. the circuit shown in Fig. 5.65, find the current ["flowing 

through the 2 O' resistor. 

2V 2V 

I 

Fig. 5.65 

Many students come out with an answer I = 2 A with a wrong 
reason. 

Each battery contributes a current of 1 A, as there are two 
batteries so the total current in the 2 n resistor is 2 A: 

The circuit may be split up into two parts as shown in 
Fig. 5.66. 

With each battl?ry the current in the 2 n resistor is zero. 
It happens so because when we remove one battery from a 
branch •. then that particular branch gels short circuited, as there is 
no other resistance present in that branch. 

Note that in such a situation the principle of superpOsition is 
not applicable. 

,D 2V 
1, - 0 

2V 2V , 
Hl 

I 

I, " 0 

12-0 

+ ' ~ 
20 

12'" 0 

Fig. 5.66 

Conditions for the Applicability of P r incipal of Super. 
position: 

Whenever a cell or a battery is present in a branch there must 
be some resistance (internal or external or both) present in that 
branch in order to apply the superposition principle. 

In practical situations it always happen because we can never 
have an ideal cell or a battery with zero resistance. 

In this case the cun:en't flowing through the 2 n resistor is lA, 
since vol.tage drop across it is 2V (correCt). 

1. Calculate the value of the electric currents II' 11, and i) in 
the given eleclrical network. 

a./I =-

b. /1=-

C. 13 =-

d. I[ P I, 
I, 

'0 '0 
2n 

'v 12V 

Q 

Fig. 5.67 

Z. Determine the voltage drop across the resistor R] in the 
circuit given below with E = 65 V. RI = 50n. R2= 100 n, 
R3 = 100 0, and R4 = 300 n. 

R, R, 

E R. 
• 

Fie. 5.68 

3. A 20 v battery of internal resistance 1 n is connected to 
three coils of 12 0, 6- 0, and 4 0 in parallel, a resistor of 
5 (1 and a reversed battery (e.m.f" 8 V and internal 
resistance 2 0 ) as shown in Fig. 5.69. 
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20 v, 1 Q 
f ---- ~I f-------; 

so 

8V, 20 
f ----;If-----~ 

Fig. 5.69 

Calculate 
a . the current in the circuit, 
b . current in resistor of 12 n coil and 
c. p.d. across each battery. 

4. Potential difference across terminals of a cell were 
measured (in volts) against different currents (in ampere) 
flowing through the cell. A graph was drawn which was a 
straight line ABC. Using the data given in the graph 
(see Fig. 5.70), determine 

2.0 
I. 8 

~ 1 ::! ..... 1.2 

~ o. 8 

0.4 

-- A -

a. the e.mJ, and 

____________ B 

------------
C 

j"------
0. 12 0.20 0.28 

- --+, Current I (ampere) 

Fig. 5.70 

b. the internal resistance of the cell. 
5. Find the current in each resistor in the circuit as shown in 

Fig. 5.71. 

"vI 1 
J 0 25Y 
90 40 

211 

Fig. 5.71 

6. The given Wheatstone bridge is showing no deflection in 
Ihe galvanometer joined between the points Band D shown 
in Fig. 5.72. Calculate the value of R. 

• 
Fig. 5.72 

Electric Current and Circuits 5.25 

7. When 10 identical cells in series are connected 10 lhe epds 
of a resistance of 59 n, the current is found to be 0.25 A. 
But when the same cells being connected in parallel. are 
joined to the ends of a resistance of 0.05 n, the current 
is 25 A. Calculate the internal resistance and the e.m.f of 
each cell. 

8. Find the minimum number of cells required to produce a 
current of 1.5 A through a resistance of 30 n. Given that 
the e.m.f of each cell is J.5 V and the internal resistance 
is I n. 

9. The current in a simple series circuit is 5 A. When an 
additional resistance of 2 n is introduced, the current is 
reduced to 4 A. Calculate the resistance of the original 
circuit. Assume that the npplied potential difference is the 
same in both the cases. 

10. Calculate the resistance between the terminals A and B of 
the network. shown in Fig. 5.73. 

2 

B 

2 

Fig. 5.73 

11. In the circuit diagram g iven below (Fig. 5.74), the cells E\ 
and El havee.mJ.'s of4 V and 8 V and internal resistances 

. 0.5 n and 1.0 n, respectively. Calculate thecurrenlthrough 
6 n resistance. 

,-----l'E, E, I 
4.5 0 30 

I .n 

Fig. 5.74 

12. Determine the currents I I' 12, and 13 for,the network shown 
below (Fig. 5.75). 

a.ll = - , 

b. /1 =-, 
c. I ) =-. 

2 

" 

Fig. 5.75 

13. Find the current supplied by the source in Fig. 5.76. The 
resistors arc mounted around a cylindrical form. ' 
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5.26 Physics for IIT.JEE: Electricity and Magnetism 

I4V 

H 

Froo. =--1~--+'~ wire _ 4 n Back 
40 - wire 

Fig. 5.76 

14. A parallel combination of an 8 n resistor and an unknown 
resistor R is connec\ed in series with a 16 n resistor and a 
battery. This circuit is then disassembled and the three 
resistors are then connected in series with each other and 
the same battery. In both arrangements, the current through 
the 8 0 resistor is the same. What is the unknown resistance 
R? 

15. For the resistor network shown in Fig. 5.77 , the potential 
drop between a and b is 12 V. Find the current through 
each resistor. 

, b 

80 

Fig. 5.77 

a. Current through resistance of 6 0 is _ _ _ . 

h Current through resistance of 2 0 is ___ , 

c. Current through resistance o f 8 n is ___ , 

16. For the circuit in Fig . 5.78, find the potential difference 
between points a and b. 

2V 

In Q 10 

40 , , W 'V 
In b I n 

Fig. 5.78 

17. Find the current in each resistor of the circuit shown in 
Fig. 5.79. 

ts.OV s.O V 

s.on 
Fig. 5.79 

a. Current through resistance of6 0 is ___ . 
h Current through resistance of 3 n is ~ 
c. Current through resistance of 2 n is ___ . 
d Current through resistance of 5 n is _ _ _ ' 

18. Given that 5.0 A passes along the branch from C to B in 
Fig. 5.80. What is the voltage of points A, D. E. F. and G ? 

a. VA= -

7.0 0 
2.0V F 

AIH ' " . 

D G 

6.0 W 

C JO 

In 29V S.OA 

UV\"-"'-I' H r+----' 
2 n t' "",!!.. 

Fig. 5.80 

b.V/)= - c. Vc = -

19. In the circuit shown in Fig. 5.81 switch S is closed at time 
t = O. 

E - r-' 200 
10.O V 

40n -:;' ;~ JlC/ 
'-----'---' 

Fig. 5.81 

a. What is the current 10 leaving the battery at t = 0, 
immediately after the switch is ciosed ? 

b. What is the current / a " long time" later? 
c. What charge has accumulated on the capacitor after this 

long time ? 
d. If, finally, switch S is opened again, how long will it 

take after the switch is opened for the capacitor to lose 
80% of its charge? 

20. In an experiment, a graph (Fig. 5.82) was plolted of the 
potential difference V between the terminals of a cell again 
circuit current 1 by varying load rheostat Find the internal 
conductance of the cell. 

y tI~ f cpJ 
-7-

(a) (to) 

FIg. 5.82 
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21. Each resistance in the circuit (Fig. 5.83) is of 2,000 n. 
A 

,-,-,.,o{,/h--r-r--.----, 

Fig. 5.83 

The combination is put across a suppl y of 200 V. Find the 
reading of ammeter. 

22. Consider the circuits shown in the Fig. 5.84. Both the circuits 
are laking same current from battery but current through R 

in the secO~d circuit is ~ th of current through R in the 
10 

first circuit. If R is I I n. then find the value of R 1 and R2. 

I') Ib) 

FIg:. 5.84 

23. Calculate the current through the resis tance connected 
across MN and the current supplied by each of the battery 
in the circuit diagram shown in Fig. 5.85. 

20V 
F M 

1 0 6.00 4 0 

c G 0 

4.00 6.00 10 

'-----!;---jl f-- E 
N 

20V 

Fig. 5.85 

24. A hemispherical network of radius (/ is made by using a 
conducting wire of resistance per unit length r. Find the 
equivalent resistance across OP. 

I' 

Aa:bC 
I) 

Fig. 5.86 

25. A battery ofe.m .f2 V and internal resistanceO.1 n is being 
charged with a current o f 5 A. In what direction will the 
current now inside the .battei'Y? What is the potential 
diffcrence between the two tcrminal ,~ of the battery? 

(IIT·JEE.1980) 

Electric Current and Circuits 5.27 

26. How a battery is to be connected so that the shown 
rheostat will behave like a potential di vide? 

----"I'M-----
A R 8 

Fig. 5.87 

Also indicate the points about which output can be taken. 
(IIT.JEE.2003) 

CHARGING 
Let us assume that the capacitor in the network shown in the 
Fig. 5.88 is uncharged foJ' 1 < O. The switch is connected to 
position [ at t = 0, Now. C is getting charged. 

If the charge on capacitor at time I is q. 

Writing the loop rule, 

!L + IR-E = O => 
C 

dq 
RC- = EC-q 

d, 

dq dt 
- - " -
EC - q RC 

Integrating, 

'" ',IEc-ql=:.!... 
He RC 

~ Atl=O,q=O 

I ' 

R 

Fig. 5.88 

Rdq=E_!L 
dl C 

I • 
[n -IEC-qIZ =-I dl 

RC 0 

and at I = "". q = E C (maximum charge:) 

q 

Q""", = F.C ---- -- - -- - --- -- - -- -- - -- -- --

Q" O.63EC 

Fig. 5.8.9 
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5.28 Physics for IIT·JEE: Electricity and Magnetism 

Thus, 

i = dq = qma. e-1lRc = !i...e-'IH.C 

dt RC R 

• . -IIRC . E 
1= im""e where 'm"" = R 

Time Constant (,) 

It is the time during which the charge would have been completed, 
had the growth rate been as it began initially. Num~rically it is 
equal toRC. 

Fig. 5.90 

Discharging 

Consider the same arrangemt:nt as WI."! had in previous case with 
one difference that the capacitor has churge qo for t < 0 and the 
switch is connected to position 2 at t = O. If the charge on 
cap<lcitor is I] arter the switch is flipped to 2 

!L_IR=O(I= _ dQ) 
C dl 

R dq = -q 
dl C 

dQ = 2dt 
q RC 

Integrating, at t = 0, q = qo t = t, q = q 

q d I" I I 1 
f := -RCf dl =0 In:' = -RC 

l/r) 'I" . 

or q = Qo x e-IIRC 

qo -IINC ,= -, =0 
RC 

. EC - lIRe 1=--, =0 
RC 

. . -IIRC 
I =/oe 

mtit!T#t~ What is the dimensional formula ofRe. 

Sol. [T] 

The quantity RC has the same unit as time and is called time 
constant and represented by the symbol 7: (Fig. 5.91). 

Analysis of RC-Circuits at the initio.l and the infinite time. 

The current in the circuit just after closing the switch, i.e., 1 = 0 

1= e - IIIIC e-O -e =-e ==> 
R R 

e 
10 = 

R 

R C R 

A :J. C 

I, 

, , 
Fig. 5.91 

The capacitor in the circuit is acting as if a conducting wire is 
connected in place of the capacitor. 

Hence, a capacitor acts as a conducting wire (or short circuit) 
just after the closing of the switch. 

R 

Fir .. 5,92 

At 1= 8 

1=!!....e- tIIlC=!!....e-- ==> 18=0 
R R 

After long time (t = 8), no current is flowing thra.ugh the 
circuit. The capacitor is acting as the circuit is broken from this 
position. 

Hence, after long time the capacitor acts as open circuit or a 
resistance of infinite value. 

Potential difference across resistance is function of time. 

At 

At 

V .. w = £e IIC 

t = 0, Y. ... B = £e-o, V,w = £ 

t= 8, VAO=ee - "", VAO=O 

Fig. 5.93 

Discharging of a charged capacitor (Fig. 5.94) 

q = qo e- IIRC 

1= _ dq 
dl 

I=!!.JL e-111IC 

RC 

1= (qo/C) e-IIRC 

R 
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At 

• .. 
R 

iO= (qo f C) 
R 

Fig. 5.94 

• 

R 

At t = 0 the capacitor is acting as a bauery of e.m.f = qo/C. As 
the time passes the charge on the capacitor keeps on decreasing. 
The potential difference across the capacitor keeps on decreasing, 
hence the capacitor acts as a battery of decreasing e .mJ. 

Hence, when a charged capacitor is connected with resistance, 
the charge capacitor acts as a battery of decreasing e.m.f. 

At t = 8 

Charging of the Capacitor-Other Approach 

Applying Kirchhoff's loop equation in the given circu,it (Fig. 5.95) 

- !L-IR+ e = 0 
C 

C R 

[ 0 
, 

Fig. 5.95 

(i) 

Differentiating equation (i) with respect to-time on both the 

sides 

I dq dl 
- - - - R - +0=0 => 

C dt (it 

til I - - = - - tit 
I RC 

Integrating both sides 

I til 
- - / - R -= O 

C tit 

f'dl = --I- I'dl => 
Jo l RC o 

[IOI)tt = _ _ 1 [t1 
, RC 

I t 
In - = -- "" 

10 RC 

I _ =e RG => 
I . 

R 

t, 

, 
Fig. 5.96 

Electric Cu rrent and Circuits 5.211 

At t = 0, the uncharged capacitor il})he 'circuit with a battery 
acts as a conducting wire 

£ 
10= -

R 

Hence 

lIIustruUon 5.27 Consider the circuit shown in Fig. 5.97. 

F ind out the steady state current in the 4 n resistor. Assume 

the internal resistanct'. of the 8 V battery to be negligible. 

4/Hl 

A 8 

40 

~~F 80 

,V '" 
Fig. 5.97 

Sol. The equivalent resistance between poi nts A and B 

_I = ~ + !:::I 
Rp 4 4 

Rr ::: I Q 

In the steady state, the current will not pass through 0.5 IlF 
capacitor as it offers infinite resistance to steady state current or 

direct current. 
So the total resistance offered by lhe circuit::: I + 3 ::: 4 Q 

:. the current fro m the battery I ::: ~::: 2A Hence potential 

difference between points A lind B == I x RP = 2 V 
. 2 

Therefore, the current through 4 n resistor ~ = 0.5 A . 
4 

,1lJustrlltionS.28 Find out the potential difference between the 

pointsx and y in Fig. 5.98. 

24V 20 

4/1 )IF 

,-i l ; 
LA 1-:-8 
YIM~-W.fv-

40: " 6 0: 

Fig. 5.98 

Sol. Given E = 24 V, R = 2 n, Rl = 4 n, R2 = 6 n, C1 = ~ IlF, 
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5.30 Physics for IIT-JEE: Electricity and Magnetism 

As the capacitor offers a very high resistance to the current in 
the steady state, so the current is prevented to pass through the 
capacitors. 

Now, the total resistance in thc circuit 

Req =R+RI +R2=2+4 ,+6 = 120: 

H h ·h·· · £242 ence tenet current In t e CIfClllt := - = - = A 
R~q 12 

Therefore. the terminal potential difference across 
AB = 24 -2x2 =20V \ 

As the capacitors alld ( resistallces are ill parallel, 
so the potential differellce of 20 V is available to both 
the capacitors and the resistors. 

Let's first of all discuss about resistors. Rcsistances are in thc 
ratio 2 : 3. So the potential across them will also bear the same 

ratio. Potential across YA = 20 x 3. = 8 V, Similarly the potential 
5 . 

difference across Yn = 20x ~ = 12 V 
5 

In the same manner. capacitors bear the ratio I : 3 of their 
capacitances. Hence accordingly potential difference across 

Ay =! j.LF capacitor = 20 x..!.. = 5 V 
3 4 

Similarly the potential difference across By, i.e., 4 IlF 

capacitor = 20x ~ = 15 V 
4 

:. the potential difference between the points x and 
y=15-12= 3Vor8 -5 = 3 V. 
(Subtract the potential difference with a common rcference 

point.) 

Dlustralion 5.29 Consider the cir,cuit shown in F'ig. 5.99 

where a battery of emf 4 V and a capacitor of capacitance 

1 j.LF is connected to a combination of resistances. Find out 
the steady state current in the circuit. 

2 il .. 
4il 

I" lOil 

f--" 
y~ 

2/3 n 

F'ig.5.99 

Sol. Let us consider I to be the steady state current through the 
circuit. 

\ In the steady state curre'nt J is constant in the circuit and the 
'capacitor offers· infinite resistance. So the resistance Ion 
becomes ineffective in the circuit. So in this case, the equivillent 
resistance of resistors 2 nand 4 n are connected in parallel. 

I I ) 3 
= -=-+~-= - ~ 

RI' 2 4 4 
4 

Rp =- n 
3 

h · h' 426r. I e total resIstance of I ec!rcuit= -+-=-=2~, 
3 3 3 

• h .. . 4 2 Hence I e steady Slate current In the Cll'CUlt = 2" '= A. 

A resistor with resistance 10 Mn is 

connected in series with a capacitor with capacitance 1.0 11 F 

and a battery with emf 12.0 V, as in Fig. 5.100. Before the 
switch is closed at time t = 0, the capacitor is uncharged. 

a. What is the time constant? 
b. What fraction of the final charge is on the plates at time 

= 46 s? 
c. What fraction of the initial remains at t = 46 s? 

Sol. 
a. The time constant is 

t =RC = (10 - 106 W) (1.0 ' 10-9 F) = iO s 
b. The fraction/the final capacitor charge is qJQ/. 

<, 

-.!.L= l_e-1IRc = 1_e-(46sJI(IO.'J =0.99 

Qf 

The cilpacitor is 99 percent charged after a time equal to 
4,6 RC, or 4.6 time constants. 

~=e-4.6 = 0.OiO 
I, 

After 4.6 time const,mts, the current has decreased to 
1.0 percent of its initiul value. 

C R 

C~ 
Fig. 5.100 

The resistor and the capacitor described 

in previous example arc reconnected as shown in Fig. 5.101. 

The capacitor is originally given a charge of5.0 j.lC, then dis
charged by dosing the switch at t = O. 

a. At what time will the charge be equal to 0.50 j.lC? 
h. What is the current at this time? 

Sol. 
a, For the time t gi ves 

t= -Re In!L 
Qo 

= - (1 0 X 106 n)( I.O x W-.(; F) In 0.50).te = 23s 
5.0 1lC 

This is 2.3 times the constant 1:= RC = 10 s 

b. Qo=5.0pC=5.0xlO-6 C 
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~ - ._.,.. .-.... - . - . 

~~., ~ ~. -

=> j= _~e-tIRC = 
RC 

= -5.0 X 10-8 C 

5.0xlO-{iC -23 , 

The current has the opposite sign when the capacitor is 
discharging than when it is charging. 

Consider a situation when a charged capacitor is connected 
wilh a resistance and a battery. 

If a charged capacitor is connected across a battery with a 
resistance 

Final charge on capacitor is ql = CE 

if q/> qo 

Charge supplied by battery is /1q = (CE - qo) 

if q[> qo 

Charge supplied to the battery is !J.q = (CE - qo) 

let qo< CE 

, 
Fig. 5.101 

Applying Kirchhoff's loop law in the circuit 

-!L-1R+e=O 
C 

Given 1= dq 
dt 

_~q_R(dq)+e= O ::::} 
C dt 

::::} (q~~e) - (-R~)dl 
Integrating both sides 

r dq -(-_I )r dt 
'10 (q - Ce) RC 0 

=> InC:~~:) -- ;C 

dq 
-RC-=q-Ce 

dt 

[io(q-ce)j" = _ _ t_ 
'10 RC 

Aflonol,;og we got q = ce(I-; :, )+qO e·''"c 

(i) 

(ii) 

This formula looks like the summation of the formulae of 
standard case of chmging and dischwging. 

Note: 

We will come across the following illtegration rery 
frequently. So, remember the result 'as such. 

If f' dx f' --= edt 
{J a-bx (J 

a -bel x= - (l-e ) 
b 

Electric Current and Circuits 5.31 

f-fi.diJ. J~ 'a~~x =. f;cdt tileH" 

Here a, b, and care cOJIS/ants. 

Similarly, if x increases from x2 to Xl exponentially, then 
x- t equation is, 

X=X2 +(XI -x2)(I -e- kt ) ; 

'1= cell-e·:c )+q"."" 

XI ----. -- -.-.- ---

X2 ___ • __ . _ . ____ . _. 

Fig. 5.102 

Another approach to analyse the above condition. The charge 
further supplied by battery 6.q = (CE- qo) 

Hcnce, transition chnrgc = 6.q = (CE - qo) 

Hence. charge at any time 

.q=qo+(Ce-qo)(I-e- IIRC
) 

q = CE(I - e- ,IRC
) qo + e-1IRC 

q 

~:r ::::: ....... ____ .J(ct
-

qol 

. , ." . 
Fig. 5.103 

Thc expression is the same as the one we have calculated in 
the previous section. 

Sometimes a physical g'uantity X decreases from Xl to x2, 

exponentially, then the x-t equation is like, 

( ) 
-k I .:=x2 + xl - x2 e 

Here, K is n constant. 
A capacitor offers zero resistance in a circuit when it is 

uncharged, I.e., it can be assumed as short circuited and it offers 
infinite resistance when it is fully charged. 

X, --- --------·····T 
x, - X2 

X2 _______ ____ • _ _ .. .1 

lng. 5.104 
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5.32 Physics for IIT·JEE: ElectricitY and Magnetism 

EquivaLent Time Constant 

To find the equivalent time constant of a circuit, following steps 
are followed: 

i. Short - circuit the battery. 

ii. Find net resistance across the capacitor (say it R
II
.,). 

iii. 'fc=(Rnct)C 

OR 6R 

R 3R =? R 

! 

Fig. 5.105 

3R 

For example, in the circuit shown in Fig. 5.105, after short 
circuiting the battery 3R and 6R are in parallel, so their combined 

. . (6R)(3R) 
resIstance IS 6R + 3R "" 2R 

Nrw.' this 2R is in series with the remaining R. 

Hence, R".,=2R+R=3R =* 'fc=(Rlle,)C = 3RC 

Alternate method of finding current in the circuit and the charge 
on the capacitor at any time t 

In a complicated C-R circuit it is easy to find current in the circuit 
and charge stored in the capacitor at time I = 0 and t = 8. But to 
find the current and the charge at time t the fol!owing steps may 
be followed. 

i. Find equivalent time constant (1,.) of the circuit. 

ii. Find steady state charge qo (at time t = 8) on the capacitor. 

iii. Charge on the capacitor at any time 1 is q = qo(l _ e-"RC). 

By differentiating it w.r.t. time we can find the current through 
the capacitor at time t. Then by using Kirchhoff's laws we can 
calculate currents in other parts of the circuit also. 

,jnUstratioh.s~3.2 ' Calculate the current in branch R I' Rz• and 

R3in the circuitshowu in Fig. 5.106 (a). 

Sol. The circuit shown in Figs. 5.106 (a) can be considered as 
combination of the circuits shown in Figs. 5.106 (b), (c), and (d). 

R, 

v 
, oj 

R, 

CJ 
Fig. 5.106 

v 
(b) 

v 

(oj 

Fig. 5.106 

In Fig. 5.1 06 (b) i1 =.!'.. = constant. In Fig. 5.106 (c) i2 = joe-IIRC 
R, 

where io =!.. and 'fc= CR2. In Fig. 5.106 (d) i3 =.!'.. 
R2 ' R3 

Current through the battery, i = i l +;2 +;3 

Note: 

" o 
V 

,dJ 

Fig. 5.106 

Due to the presence of R4, it cannot be broken into three 
simple parallel circuits. 

lIIustrationS.33 Calculate the current flowing through the 

capacitor branch in the circuit shown in Fig. 5.107. inifially and 
finally. 

", 

20 20 

Fig. 5.107 

Sol. At time t = 0, when the switch is closed it becomes as shown 
in Fig. 5.107. 

When the capacitor is fully charged, i.e., at t = 8, the circuit 
becomes as in Fig. 5.108 (a). 

This means that no current flows through the capacitor. 

40 

{Ov ,~ AlI ~ O 2Q 20 

'A 
2A ,.J 

Fig. 5.108 (COil/d.) 
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IOV I 
'0 

"1'-_ 
2O 

.!! • .1." 6 , 

(b' 

Fig. 5.108 

2 O 

Concept Application Ex.rdse 5.3 

1. Consider the circuit shown in Fig. 5.109. If the switch is 
closed at r = 0, then calculate the values of 1, /2' and /2 at 

(a)I =O (b) 1=<>0 

R, 

I , 

'L s~-"'---- c 

Fig. 5.109 

2. Figure 5.110 shows three sections of the circuit that are 
to be connected in turn to the same banery via a switch. 
The resistors are all identical, as are capacitors. Rank the 
sedons according to 

(l, =n 
Fig. 5.110 

a. the final (equilibrium) charge on the capacitor ___ . 
h . the time required for the capacilor \0 reach 50 percent 

of its final charge. greatest first ___ . 
3. Determine the current through the battery in the circui t 

shown in Fig. 5.1 11 . 
a. Immediately aftcr the switch S is closed ___ . 
b. Ancr a long li me ___ . 

E S 
,--1 1-1 -_./_-

C, 

R, jC~ 

R, R, 

Fig. 5.111 

Et.!ct ric Current and Circuits 5,l) 

4, A varying voltage is applied to the d amps AB as shown in 
Fig. 5. 1 12. Such that the voltage across the capacitor plates 
varies as shown in the figure. Plot the time depending o f 
voltage across the d amps CD . 

(., (b' 
Fig.S.112 

S. Consider the network shown in Fig. 5.113, initially, the 
switch S I is closed lit S2 is open 

H' B 

"' 

Fig.S.1I3 

a. Calculate VA - V 0' 

b. When S2 is II lso closed, what is VA - VB 
(I) just after closing Oi) after long time 

6. In the circu it shown in Fig. 5: 114. R j "" 10 n, R2 = 20 n, 
C j = I j.t.F, C2 = 2 ).IF and E = 6 V. Calculate the charge on 
each capucitor in the steady state. 

R, 

£ 

Fig. S.1I4 

7. The plates o f a SO).lF capacitor charged to 400 IlC are 
connected through a resistance of 1.0 kn. Fir.d the charge 
remaining on the cap<lcitor I s after the connection is made. 

8, The e lectric fie ld between the plates of a parallel-plate 
capacitor of cap:lcilancc 2.0 11 F drops to one third IJf its 
initial vnlue in 4 .4 lOS when the plates are connected by a 
thin wi re. Find the resistance o f the wire. 

9. The time constant o f an R-C circu it during discharge is that 
time in which the charge on the condenser plates, as 

compared to maxim um charge (qo)' becomes 5L x 100 

which is equlIJ to ___ . 
10. After how mnny time constants will the energy stored the 

capaci tor rench one-half of its ;quilibrium value? 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



5.34 Physics for IIT-JEE: Electricity and Magnetism 

The gap between the two plane plates of a 

capacitor equal to d is filled with gas. One of the plate emits 

110 electrons per second. It is moving in an electric field, which 
ionizes gas molecules, This way each electron produces a 
new electrons (and ions) along a unit length of its path. Find 
the ~Iectronic current at the opposite plate, neglecting the 
ionization of gas molecules formed by ions, and the electronic 
current density at the plate possessing a higher potentiai. 
Assume that 11; electrons per unit volume per second arc 
formed. 

SoL Let the number of electrons at a distance x be 11, then the 
increase in number of electron per unit length is 

d" -'" all 
<Ix 

<In " or. . -'" axdx => J dll 

" 
~' In (~l = ad, 

"0 

0' 

XI' 

" "0 

Fig, 5.115 

0) 

r" = a 10 dx 

Oi) 

,Hence the number of electrons reaching other plate per unit 
. . ad 

tllne.lS !10e • 

. : : electronic currcnt at opposite plate = charge reaching per 
uriit time . 

0' i= en 
m i = enocad (iii) 
Here 110 = (n;Adx) 

"d 11 = (lI i Adx)ea .< 

So 1 = J ~~ "" r I1 ·Aea
.< dx 

. 0 ' 

=> 1 = ( ",'-, 1 
e!I,A ~ 

Hence J= i = en; (cad_I) 
A a 

~ Switch Sof circuit shown in Fig. 5.116 is in 

position 1 for a long time. At instant I = 0, it is thrown from 

position I to 2. Calculate thermal power PI (t) and P2 (t) 
generated across resistances R j and R2,I'espcctively. 

c 

R, 

2 R, 
s 

+J 
E 

Fig. 5.116 

Sol. Initially the switch was in position I for a long time, therefore, 
initially the capacitor was fully charged and potential difference 
across capacitor at t = 0 was equal to e.m.f E of the battery. 

Initial charge on capacitor, qo = CE 
When the switch is thrown to position 2, the capacitor starts to 

discharge through resistances R I and R2. 
To calculate thermal power P1 (t) and P2(t) generated across 

RI and,R2, respecti vely, current / at time I through the circuit must 
be known. 

Let at instant t, the charge remaining on the capacitor be q and 
let the current through the circuit be I. 

Applying Kirchhoff's voltage law on the m~sh in the circuit of' 
Fig. 5. 177. 

c 

q 

I 

R, I 

Fig. 5.117 

Since, the capacitor is discharging, therefore, 

I ", _ dq 
dt 

From cqu<ltion (0, 

dq dt 
-= -

S
q=1 dq 

q=c/::q = 

log~= 
CE 

q = CEe-I!(R, + R,)C 

(i) 

(ii) 
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But 
dq 

1= - 
dt 

Therefore 1= E e-1f(R,+RllC 

(Rj + R2 ) 

Hence, thermal power across R] is PI = [2R] 

2 
PI = E R1 e- 2r/(RI+RI)C 

(Rt +R2)2 

Similarly, thermal power across Rz> Pz = [2R2 

2 
E Rz -2/I(R,+R1)C 

~ P2= 2 e 
(R t +R2 ) 

'£+I,,!!I.. A charged capacltor C, is discharged through 

a resistance R by putting switch S in position 1 of the circuit 

shown in Fig. S.118. When the discharge current reduces to io, 
the switch is suddenly shifted to position 2. Calculate the amount 
of heat liberated in resistor R starting from this instant. Also 
calculate, current i through the circuit as a function of time. 

2 

+ 

s 
c, ~ 

c, 
R 

Fig. S.118 

Sol. Let the charge on capacitor C] be qo when the switch was 
shifted from position 1 to position 2. Just before shifting of switch 
the circuit was as shown in Fig. 5.119 (a). 

I, 2 

,,!1,lc, 
. R 

I, I, 

C'l 

c, 1~Cq,~ql L 
q c, 

R -

I 

Cbl 
Fig. 5.119 

. ,' 

Electric Current and Ci rcuits 5.35 

When the switch is shifted from position I to position 2 the 
capacitor Ct continues \0 be discharged while Cz starts charging. 

Let at time I, aftcr shifting of switch to position 2, charge on 
capacitor Cz be q and let current through the circuit be 1. 

:. therefore, charge remaining on C1 is equal to (qo - q) as 
showninFig.5.119(b) , 

Applying Kirchhoff 's voltage ',law on the circuit shown "in 
Fig.5.119{b). 

.!L+IR- (qo-q) =0 
C2 C1 

II?= _qo_-_q _ !L = ~C'~IocC~2_-~q~c~,~l_-~qcC"'2 
C1 C2 C1C2 

But current, I = dq/dl (Rate of increase of charge on C2) 

Rdq = qOC2 -q(C1 +Cz) 
dt C1C2 

dq dl 
--;cc--"7~c;-;c" ~cc;;qOC2 q(C1 +C2 ) RCj ', xC2 

J'I dq J' dt Butatt=O,q=O,. = ---
'. o qoCZ - q(C1 +Cz) o RC1.CZ 

From the above equation, 

Subtracting, 

qo = IORC] 

=> q " /0 RC,C, [I-'-(;;;;}] 
Cj +Cz 

But current, 1 = dq =:} 

dt 
In a steady state the common potential difference across 

capacitors is given by, . 

2 

Initially energy stored in C] was Vj = ;~ = ~ 16R2Cl , 
In steady state, energy stored in two capacitors is, 

1 2 I 2 1 IJRZCj
2 

V2= - Cj V +- C2V =-(C1+CZ) z 
2 2 2 (Cj+Cz) : . 

" 
12 1?2CZ 
o , 

2(C]+Cz) , > . 

. '. , . 

. . 
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5.36 Physics for IlT·JEE: Electricity and Magnetism 

Heat generated across resistor R = loss of cnergy stored in 
capacitors during redistribution of charge 

I~R2C1C2 
- U - U - ~:---'"~ 
- 1 2 - 2(C

1 
+C

2
) 

'¥b1,nlllt' The capacitor shown in the Fig. 5.120 has been 

charged to a potential difference of V volt so that it carries a 

charge CV with both the switches S} and S 2 remaining open. 
SwitchS} is closed att=O.Att=R} Cswitch S} isopen'ed andS2 
is closed. Find the charge on the capacitor att = 2R J C+ R2 C. 

C 

R, 
s, 

Fig. 5.120 

(lIT -JEE, 1978) 

q=CE(I-~l+ cv 
, ,2 

en!,!QI}_ In the circuit shown in Fig. 5.121 E,F,G, and 

H are cells of e.m.f2, 1, 3, and 1 V, respectively. The resistances 

2, 1, 3, and 1 Ware their respective internal resistances. 

Calculate 

2V 20 

'V~~'V 1,/-1 
In 20 I Q 

3V 3Q 

D c 
Fig. 5.121 

i. the potential difference betwccnB and D, and 
ii. the potential differences across the terminals of each of the 

cellsGandH. (llT-JEE,1984) 

Sol. Suppose a current i l goes in the branch BAD. therefore a 
current i2 in the branch DeB will be i l - i2 from the junction law. 

The circuit with the currents shown is redrawn in Fig. 5.122. 
Applying the loop law to BADB we get, 

(2p)i1 -2 V + I V + (I O)i l + (20)0 1 - i2) =0 

~V 
20 

B 

II 
IV _ IV 

'I - i2 

10 20 10 

" G I, 

D I, C 
3V 30 

Fig. 5.122 

Applying the same law to the loop DeBD, we get 

-3 V +(3 0)i2 +(1 0)i2+ 1 V -(20) 01 --: i2) =0 

or -(20)i1+(60)i2 =2V 

From equations 0) and (ii), 

i 1 = 1
5
3 A, iz = l~ A 

_ _ 1 
1-12 = --A 

13 
The current in ED is from B to D (opposite to assumption). 

i. VB - VD = (20) (/3 A)= l~ V 
ii. Potential differences across the cell G 

( 
18 1 21 Vc -VD = -(3Q)i2+3V= 3V--V =-V 
13 13 

Potential difference across the cell H 

Vc - VB = (I 0)i2 + IV = (lQ) C6
3 A )+ 1 V = ~~ V 

(',' V=E+ir) 

In the circuit .shown in Fig. 5.123, E, = 3 V, 

E 2 = 2 V, E3= I V, andR =T, =r2 = T3 = 1 O. 

I, • -

I, E, 

R I, I, • - B 

C E, 
I, I, • - D 

Fig. 5.123 

i. Find the potential difference between th~ pointsA and Hand 
the currents through each branch. 

ii. If T2 is short circuited and the point A is connected to 
point H, find the currents through E I , E2, E3, and the 
resistor R. (llT-JEE,1981) 
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-- ~ ---- ~--- ~ . ~~~. ,~'--

Sol. 
i. Applying Kirchoff's law inPQRUP starting from P moving 

clockwise 
, p " Q 

I, E, 

A R U I, 0 B 

C E, 
R 

I, 
" (h+hl 

T 
E, 

S 

Fig. 5.124 

11'1 - £1 +E2-i2r2=O=)/[ x 1-3 +2-12X I =0 
=> 11 - [2=1 (i) 

Applying Kirchoff's law in URSTU starting from U moving 
clockwise. 

/2'2 -~ + £3 -/3'3 = 0=>/2 x I -2+ 1 + 13=0 
=> 12+1)= 0 
=> /2+1[+/2=1 

=> /,+21,=1 (ti) 

Subtracting equation (i) from (ii) 

II +212-/[ +12=0 

=> /2=0 ::) J1=lA 

:. therefore, current through branch PQ is 1 A. Current 
through branch UR is 0 A. Current through branch TS is 
I A p.d. from A toB 

VA-OxR+lj'I - E I = VB 
:. VA- VB=EI-I1r l =3-I=2V 

ii. Applying Kirchoff's law in PQRU? starting from Pmoving 
clockwise 

/ 1' 1-£ 1+£2 =0 => /1-3+2=0 
=> II = 1 A 
Applying Kirchoff's law in URSTU starting from Umoving 
clockwise 

- Ez+E3 -/3Y3=O 

=> -2 +1-/)=0 => 1)=-IA 

p ,', 
Q 

I, E, 

A R U I, B 

c R 

Ij+h+h 
I, ", 

T s 

Fig. 5.125 

The - ve sign of 13 indicates that the direction of current in 
the branch UTSR is opposite to that assumed. Applying 
Kirchoff 's law in AURBA starting from A moving clockwise 
is (I I + 12 + 13)R -E2 =O=> (1 + 12-I)R = 2 
.=>12=2A 

'W:I.nHp' Calculate the steady state current in the 

2.0 resistor shown in the. circuit in Fig. 5.126. The intcrnal 

-. 

Electric Current ~nd Circuits 5.37 

resistance of the battery is negligible and the capacitance of the 
condenser C is 0.2 microfarad. 

20 

I I 
I 30 I 

H 40 

~ 
2.8 0 

V~6V 

Fig. 5.126 

Or 
Two resistors, 400 Q and 800.0 are connected in series with 

a 6 V battery. It is desired to measure the current in the circuit. 
An ammeter of a 10 .0 resistance is used for this purpose. What 
will be the reading in the ammeter? Similarly, if a voltmeter of 
10,000 Q resistance is used to measure the potential difference 
across the 400 .0 resistor, what will be the reading in the 
voltmeter. (lIT -JEE, 1982) 

Sol. When the current becomes steady then the branch containing 
the capacitor will be ineffective as no current will be flowing 
through it. The circuit can be redrawn as it is clear from the 

Fig. 5.127 that resistance 2 .0 and 3.Q are in parallel. 

.. 2/1 = 3/2 (as p.d. across the two resistors will be same) 

12 =3: 11 (i) 
3 

Applying Kirchhoff's law in loop ABCDEFGA starting from 
A in the clockwise direction 

-/t x 2 - lx2.8+6=O => -/l x2 -(l j+/2)x2.8+6=O 

-i U1 

A_ 

I, 30 -
C 40 

2.80 

v- 6 Vo lts 
Fig. 5.127 

=> -211- 2.8[ 11+~II]+6=O 

=> 6= [2 + 2.8X~}' 
=> 6=5.67xl l 

1 =_6_ or I, =0.9A 
j 6.67 

Applying Kirchhoff's law moving 
starting from battery we get 

in clockwise direction 
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5.38 Physics for IIT·JEE: Electricity and Magnetism 

+ 6 - 10/-4001 -SOOI = 0 

400.Q 800.Q 

10 .Q ~ A 

6 volts 

Fig. 5.128 

6= 1210{ 

1= _6_=4.96x1O-J A 
1210 

The voltmeter and 400 n resistor are in parallel and hence 
p.d. will be same. 

:. 10,000 I} = 400 12 (ii) 

Applying Kirchoff's law in loop ABCDEA starting from A in 
clockwise direction. 

- 400 12 - 800 1+6 = 0 
6 = 400 12- 800(11 + 12) 

. 6 = 400 12 + 800(.04/1 + 12J 

From ~uation eii) putting the value of I! 
6= 1232/2 

---. 12 = 4.87 X 10-3 A 
10,000 n 
'WIA Fr-0- G 

c 
8 r-L.-W>/v--4-'\tNlr-- D 

I 800 0 

I 

A '---~--i f----" E 

V" 6volts 

Fig. 5.129 

:. potential drop across 400 n resistor 
=12 x 400 =4.87x 1O-3 x400=L948 V = 1.95 V 
:. the reading measured by voltmeter = 1.95 V. 

mnn&& A part of a circuit is in steady state along with 

the current flowing in'the branches. Value of each resistance is 
shown in Fig. 5.130. Calculate the energy stored in the capacitor 
C(4~F). 

...., 
2A 

3V1Q 'h h 
..., f-.w""':t-+-NWi'--L,WN-->-

2A' 302Q 4. n 

lA 

Fig. 5.130 (llT-JEE, 1986) 

Sol. Applying Kircholl's first law at junction M, we get the current 
I I = 3A 

Applying Krichoff's first law at junction P, we get current 
12 = lA 

lA 

'0 
4Y '0 50 I, ...., 

2A 
:;: 4 flF C In 

'Y In I, h ..., 
2A 3n 2n 40 

lA 

Fig. 5.131 

Moving the loop from MNO to P :. vM - 5 x il - 2 X i2 = vp 

.. vM -l'p =6i I +2i2=6x3+2x I =20V 

Energy stored in the capacitor 

= .!.CV2 =.!. x4 x 10-6 x 20x 20 = 8x 104 J 
2 2 

j An infinite ladder network of resistance is 

constructed with a 1 nand 2 n resista,!ce, as shown in 
Fig. 5.132. 

10 In In In 

··om 
B 

Fig. 5.132 

The 6 V battery between A and B has negligible internal 
resistance: 

i. Show that the effective resistance between A and B is 
2". 

it What is the current that passes through the 2 n 
resistance nearest to the battery? (lIT ·JEE 1987) 

Sol. Let the effective resistance between point C and D be R then 
the circuit can be redrawn as shown in Fig. 5.133 

A I In c In 10 A In 6vG336vGJ 
B D B 

Fig. 5.133 

The effective resistance between A and B is 

2x R 
R.q= 1+ R +2 
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This resistance Req can be taken as R because if we add one 
identi.cal item in infinite item then the result will almost be the 
same. 

2xR .. 1+-- =R 
R+2 

=> R+2+2R=R2+2R 

=> R'-R c 2= 0 

=> R - 2R+R-2=O 

=> R2_2R+R _ 2=O 

=> R(R-2)+I(R-2) = D 

=> IR+I)[R- 2J=D 

=> R =2Q 

A In i c D 

6V 2n 2n 

F E 

Fig. 5.134 

Applying Kirchoff's law in the two loops we get 6 - i - 2i/ = 0 
=> i=6-2i, (i) 

(ii) 

From equations (i) and (ii), we get - 2 (6- 2i/) + 2i/ + 2i/ = 0 

=> - 12+4i/+4i/ = O 

12 3 
=> il =g="2=1.5A 

ExampleS.l0 All resistances in the diagram below 

(see Fig. 5.135) are in ohms. 

Fig. 5.135 

Find the effective resistance. between the point A and B. 
(llT-JEE,1979) 

Sol. The given system can be reduced as shown in Fig. 5.136. 

Fig. 5.136 (Contd.) 

Electric Current and Circuits 5.39 

30 

30 

3n 

~~ 
~30 

3n 

- on/'1 -zln 30 - ~30-
3Q 

mA30 

=~30 
3n 

JO 

~=-WM-
~- 20 

3n 

Fig. 5.136 

Example5.n In the diagram shown in Fig. 5.137 find the 

potential difference between the points A and B and between 

the points Band C in the steady state. 

I : 
I I" 

I).l.F. 

200 100V 

A·'-¥Nv;---11 f-j H I-----:c 
Fig. 5~137 

(llT -JEE, 1979) 

Sol. Applying Kirchoff's Jaw in loopAQBRC: 

_i_i+lOO=O " =>. '1= l50l-I.C 
6 2 

I" iOn 
I ).I.F · 

II II I I II 
20n 100 v 20n 101} V 

Q 0" I" R 
I • I 

+q - q +q -q 

I" 20n 

A 200 
II II 
looV 

c 

Fig. 5.138 

Ion 
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5.40 Physics for lIT -JEE: Electricity and Magnetism 

:. the potential difference between AB = 150 = 25V and 
6 

potential difference between BC = 100 - 27 = 75Y. 

In the given circuit (Fig. 5.139): EI = 3E2 = 
2E3 = 6 V,R I = 2R4 = 6 n,R3 = 2Rz =4 n, C= 5 MF. 

Find the current in R3 and the energy stored in the 
capacitor. 

R, E, 
c 

R, 

Fig. 5.139 

(llT.JEE, 1988) 

Sol. Applying Kirchhoff's law inABFGA 6-(i,+ i2)4 = 0 (i) 
Applying Kirchhoff's law in BCDEFB 

i2x3 - 3-2+2i2+(i2+i,)4=0 (ii) 

5).lF - C i , 

E 

D 

E3=3V 

Fig. 5.140 

Putting the value of 4 (i I +i2 ) = 6 in equation (ii) we get 
3i2 -5+2i2 +6=0 

i2 = - .!. A 
5 

Substituting this value in equation (i) we get 

i l = 1.5 -(-~}=I.7A 
Therefore. current in = R3 = i l - i2 1.7 -0.2 = 1.5 A 
To find the p.d. across the capacitor V E - 2 - 0.2 x 2 = Vo 
.. V[,,' - Va = 2.4V 

:. energy stored in capacitor is 

I ' I 
= _CV 2 = -x5 x 10-6 x (2.4)2 = 1.44 x 10-5 J 

2 2 

'"Exiullple5.D . Find the e.m.f (lI) and internal resistance (r) 

of a single battery which is equivalent to a paraliel 

combination of two batteries of e.m.f.s VI and V1 and internal 
resistancer l and r2, respectively, with polarities as shown in Fig. 
5.141. 

, 

" 'f, 
+ 
A B 

, -, 
" v, 

Fig. 5.141 

(llT.JEE,I997) 

Sol. The equivalent resistance req = ~ 
/j +r2 
. , 

D , I 

" V, 

+ C 
A 

Ii 

" v, 
Fig. 5.142' 

E 

F B 

G 

This is the internal resistance of the single battery which is 
equivalent to a parallel combination of the two batteries. Now 
applying Kirchoff's law in loop HCDEFGH moving clockwise 
starting from D 

~ 1= VI +V2 
/j + r2 

Now applying Kirchoff's law in branch ACHGB 

VA + lrl - VI = Y8 
VA -V8=YI -lr l 

(VI +V2)rl V1'i +Ylr2 -VI'i -Vzrl 
= 

/j +r2 'i+r2 

= 
Vlr2 -V2/j 

/j +'2 

This is the potential difference of the new battery. 

Example5.14 A -leaky parallel plate capacitor is filled 

completely with a material having a dielectric constant k as 5 
and electrical conductivity CF = 7.4 X 10- 12 n-Im-I • If the 
charge on the plane at instant t = 0 is q = 8.85 Me, then 
calculate the leakage current at the instant t = 12 s. 

(llT·JEE,I997) 

Sol. qo = 8.85 X 10-6 Catt= 0; q =q at t = 12 s 

Now, 
V AV 

1=-""-
R pi 

(i) 

R = Resistance Y"" Potential difference at t seconds. 
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+--1 ---+ 
I+--V_ 

Fig. 5.143 

dq AV 
- di= PI 

dq AV q --=--
dt -pI c 

=> (".- q=CV) 

dq A Idt 
--= 

q plKEoA C C=K7A
) 

dqu 
--= --dl 

dt Keo 

q 

Keo 
= 7.4xlO-

12 
=0.1672 

5x8.85xIO-12 

dq = O.l672dl 
q 

On integrating Jq 
dq = -O.1672 r' dt 

qo q Jo 

~ !ogt !L = - 0.16721 
90 . 

q = qoe-O.1672t 

Whent= 128 

qo 8.85 X IO-o 
q= = 

e-O· 1672t e-O,1672/XIL 

From equation (i) = 7~~8:9 x 10-(; = 1.1896 X 1O-6 C 

uA ql (T 
1= -x--=--xq 

1 KEoA KEo 
=-O.1672x 1.1896x lO-(i=O,I99J.lA 

Alternatively: The problem can be treated as discharging of eR 
circuit. For which q = qoe-Ifr, where qo = initial charge; q = charge 
at time; and t "c = time constant. 

=> 

:, current 

T = CR= K£oAxpl Keo 
C I A q 

= 5x8.g5xlO-
12 

=5.98s 
7.4xlO-12 

q=qoe-t /H8 

1= (_dq)=.!iJLe-,15.98 = 8.85xlO-(i e-12/H8 
dt 5.98 5.98 

= O.I'99J.lA 

Electric Current and Circuits 5.41 

Exmnplc5.tS ht the drcu1tshown in Fig. 5.144, the battery is 

an Ideal one, with emf V. The capacitor is initially uncharged. The 
switch S is closed at timet = O. 

a. Find the charge Q on the capacitor at timet; 
h Find the current inAB at time t, what is Us IJmltiog value as 

t --+ "". 

(llT-JEE,I998) 

Sol. Let at any time t charge on capacitor Cbe Q and currents' are 
as shown in Fig. 5.145. Since charge Q will increase with time t, 
therefore, 

. dQ ',= -dt 

N'r1~----1A~;'-oMRM-lS 

R 
M,4~"""--liB----'T 

Fig. 5.145 

a Applying Kirchoff's second law in the 100pMNABM , 

V=(i-i l )R+iRorV=2ir-i/R (1) " 

Similarly, applying Kirchoff's second law in loop MNSTM, 
we have 

Eliminating i from equation (1) and (2), we get 

V= 3i]R+ 2Q or i
l 
= 3i

l
R = V _ 2Q 

C C 

or il=3~(V_2~) 
or dQ = _1 (v _ 2Q) 0' 

dt 3R C 

01 fQ...5L=fd' 
0V_2Q o3R 

C 

dQ dt 
-y-"_"'2Q;;- = 3R 

C 

This equation gives Q = c; (l _ e-2r/3RC) 

h i
l 

= dQ = ~e-2r/3RC 
dt 3R 

from equation (1) we get: 

. . V+i,R ,=--
2R 

V + V e-2r/3RC 

3 
2R 
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5.42 Physics for IIT-JEE: Electtidty and Magnetism 

Current through AB: 

V 
V -2t/3RC +- e 
.3 V -2113RC --e 

2R R 

. V V -1113RC <,= ---e 
2R 6R 

, V '2= -ast~oo 
2R 

ExampleS.16 In the given circuit, the switch S Is closed at 

time J = O. The charge Q on the c.apacitor at any instant t is 
given by Q(t) = Q(l - e-at

). Find the value of Qo and a in 
tenns of given parameters as shown in the circuit in Fig. 5.145. 

R, 

J C

T ·r _ 
Fig. 5.146 

R, 

(IIT-JEE,200S) 

SoJ. At any instant of time t, the current flowing the loops are 
given in the Fig. 5.147. 

Applying Kirchoff's law in loopADEFA. 

B' 
V-IR1--=O I (I) , 

R, 1 1- 11 
A 

I, R - 2.SMn 

<:=Q 
R, 

c V 

F E D 

Fig. 5.147 

Applying Kirchoff's law in" eq.BCDE~ 

-!..t=(I ·-lt)R
2 

=0 
C 

From equation (1) 

B 
IRI -=V-

C 
Substituting in the above values in equation (2) 

_f+ R2 = (v -!!..)-R2 dB =0 
~RI C dt 

(2) 

This is a first order linear' differential equation whose 

[~'l ' 
integrating factor is e CRjRl • On solving 

Given that at t = 0, B= ° 

On comparing with B= Bo[1 - e-al
] we ge;t 

Bo = CVR2 and a = R] + R2 
R]+R2 CR1+R2 

EXERCISES 
Subjective Type Solutions on page 5.61 

1. Find the e.mJ's e l and e2 in the circuit of Fig. 5.148. Also find 
the potential difference of point b relative to point a. 

'1.000 20.0 V 
6000 • + 

1.00A. 
I 

1.000 " 4.000 

" 
+ b 

2,OOA+ LooO ," 2.000 + 

Fig. 5.148 

2. What is thepotential difference between the points M and N 
forthe circuits shown in Figs. 5.149 (a) and (b) for Case I and 
CaseH. 

M N Case-I ,.) 
Fig. 5.149 
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3. At room temperature (27°C) the resistance of a heating 
'element is 100 n. What is theJemperature of the element 
if the resistance is found to be 117 n? Given that the 
temperature coefficient of the material of the resistor is 
1.70 x 10- 4 oC-'. 

4. A platinum wirehas a resistance 0[10 n at O°C and 20 n 
at 273°C. 'Find the value of temperature coefficient of 
platinum. 

S. A metal wire of diameter 4 mm and length 100 m has a 
resistance of 0.408 n at IOoC and 0.508 n at 120°C. Find 
the value of 

i. temperature coefficient of resistance, 
ii. its resistance at O"C, and 

iii. its.resisiivities at O"C and 120"C. 
6. i. A car has a fresh stora~e ba~ery of e.m.f 12 V and internal 

resistance 5.0 x 10- n. If the starter motor draws a 
current of 90 A. what is the terminal voltage of ~he 
battery when the starter is on? 

ii. After a long use, the internal resistance of the storage 
increases to 500 Q. What maximum current can be 
drawn from the battery? Assume the emf of the battery 
to remain unchanged. 

iii. If the discharge~ battery is charged by an external e.m.f 
source, is the tenninal voltage of the battery during 
charging greater or less than its e.m.f 12 V. 

7. A storage battery of e.m.f 8.0 V and internal resistance 
0.5 Q is being charged by a 120 V de supply using a series 
resistor ofl5.5 Q. What is the tenninal voltage of the battery 
during charging? What is the purpose of having a series 
resistor in the charging circuit? 

8. Fmd theresistanceR.4Boftheframemadeof a thin wire. Assume 
that the number of successively embedded equilateral 
triangleS' (with sides decreasing to half) tends to infinity 
(see Fig. 5.150). 

c 

L-____ ~----~B 
c, 

Fig. S.IS0 

Side AB is equal to a and the resistance per unit length of 
wireisr. 

9. A network consisting of three resistors, three batteries, and 
a capacitor is shown in Fig. 5.151. Find the charge on the 
capacitor C in a steady state. 

i[+h I, 
· A . I, 

C 

IOV C 
5" ~5~F 

4" 

F E D 
I2V 

I, 

Fig.S.ISI 

Electric Current and Circuits 5.43 

10. Calculate equivalent resistance between A and B of the 
circuit shown in Fig. 5.1.52. 

3W 4n 

6n 2n 8n 

30 " 5n 

A C 8 

5n 30n 
8n 6n 

W 

4n 32n 

Fig. 5.152 

11. The circuit shown in Fig. 5.153 contains three resistors 
R, = 100 Q, R2 = 50 n, and R3 = 20 Q and cells of c.m.f's 
£ , = 2 V and £2' Thy ammeter indicates a current of 50 rnA. 
Detennine the currents in the resistors and the e.m.f of (he 
second cell. The internal resis tance of the ammeter and of 
the cells should be neglected . . 

E, 

E, 

Fig. 5.153 

12. In the given circuit of Fig. 5.154 all batteries have c.m.f 10 V 
and internal resistancc negligible. All resistor;; are in ohms. 
Calculate the current in the right most 2 Q resistor. 

2Q 

1~~~2{1 "IOV U! ~2n 
~ . .t 
L-________ 'N2~n~JO~ JOV 

Fig. 5.154 

13. In the circuit diagram shown in Fig. 5.155 find the current 
through the I Q resistor. 

5V 20 

Fig. 5.155 
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5.44 Physics for I1T·JEE: Electricity and Magnetism 

14. The circuit shown in Fig. 5.156 is in steady state. 

I 

100 

I 

C 

6V 

" 
Fig. 5.156 

100 
I 

2m' 

B 

Find the charge on the capacitors CI and C2, respectiveJy. 
15. Consider an infinite ladder of network shown in Fig. 5.157. A 

voltage is applied between points A and B. If the voltage is 

halved after each section, find the ratio of ii. 
R, 

Fig. 5.157 

Suggest a method to tenninate it after a few sections without 
introducing much error in its attenuation. 

16. For a circuit shown in Fig. 5.158 switch SI is closed at t ::: 0, 
then at I ::: (2R 2 + R 1 )C, S I is opened and S2 is closed. 

c 
R, 

s, 

Fig. 5.158 

a' find the charge on capacitor at t ::: (2 R2+ 2 RI)e. 
b. Find current through R2 (adjacent to" battery) at 

t::: (3R 1 + 2R2) e. 
17. Find the potential difference between the plates of the 

capacitor C in the circuit shown in Fig. 5.159. The internal 
resistances of sources can be neglected. 

200 II Ion 
'-------I 

4V 

Fig. 5.159 

18. Analyze the circuit .gi.ven in Fig. 5.160 in the steady state 
condition. Charge on the capacitor in this state is qo::: 1611C. 

10 

A 40 

B , 
C - 4)1F -

D 

E 

I' 

Fig. 5.160 

a. Find the current in each branch. 

I;l Find the e.m.f of the battery. 

30 

30 

40 c 

c. If in the beginning the battery is removed and the nodes 
A and C are shortened, then find the duration in which 
charge on the capacitor b~omes 5.921lC. 

19. Eleven equal wires each of resistance 2 n fonn the edges of 
an incomplete skeleton cube. Find the total resistance 
between points A and B of the vacant edge. 

20. i. What is the potential difference between points a and b 
in Fig. 5.161 when switch S is open? 

y ~ 18V 

60 

,'--" s 

Fig. 5.161 

b 

ii. Which point, a or b, is at the higher potential? 

iii. What is the final potential of point b when switch S is 
closed? 

iv. How much does the charge on each capacitor change 
when S is closed? 

21. In the cifCuit shown in Fig. 5.162, C is a parallel plate air 
capacitor having plate of area A ::: 50 cm2 each and distance 
d::: I mm apart. R I' R2, and R3 are resistors having"resistances 
3 n, 2 n, and l 'n, respectively. Two identical sources each 
of e.mJ Y and of negligible internal resistance are connected 
as shown in Fig. 5.162. If a dielectric strength of air is 
Eo= 3 x I06 ym- l,caJculate the maximum safe value of V. 

'-_ -'i-, , 
v 

Fig. 5.162 
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22. The circuit shown in the Fig. 5.163 is in steady state. Calculate 

Fig. 5.163 

i. energy stored in the capaCitor, shown in the Fig. 5.163, . 
and 

ii. the rate at which battery supplies energy. 
23. The given RC circuit has two switchs SI and S2' Switch-82 is 

closed and SI is open till the capacitor"is fully charged to qo. 
Then Sz is opened and S I is closed simultaneously till the 
charge on capacitor remains qr/2 for which it takes time t l . 

Now S I is again opened and S2 is closed till charge on 
capacitor becomes 3Qr/4. It takes time tz (see Fig. 5.164 for 
reference). 

C 
R 

/ 

S, 

f. 2R 

I ,.--: 
s, 

Fig. 5.164 

Find the ratio tlltz. 
24. For the circuit arrangement shown in Fig. 5.165 

\00 

600 
lOO 

200 

lOO 

K 

\2V 

Fig. 5.165 

a. Find the potential difference across eacb-capacitor in the 
steady 'state condition. 

h Also, find the current through the 600 resistor just after 
the instant when the key K is opened. 

25. Find the equivalent resistance between points A and B of 
the circuit shown in Fig. 5.166. 

, R 

, 

R ' 

Fig. 5.166 

Electric Current and Circuits 5.45 

' .. 
Objective Type Sl?lutj~ Qnpag~ 5.67 ,.,. 

1. A battery of internal resistance r having no load resistance 
has an e.m.f E volt. What is the observed e.m.f across the 
tenninals of the battery when a load resistance R (= r) is 
connected to' its tenninals? 

a. 2 Evolt h E volt 

E 
c. - volt 

2 

E . 
d -volt 

4 
2. Figure 5.167 represents a load consisting of three identical 

resistances connected to an electric energy source of e.m.f 
12 V and internal resistance 0.6 O. The ammeter reads 2 A. 
The magnitude of each resistance is 

a. 3.60 

c. 16.20 

~"".aAl----"1'-

I 
R R I R 

Fig. 5.167 

h 7.20 
d 10..8.0: 

3. In the circuit shown in Fig. 5.168. the current I has a value 
equal to . 

alA 
c.4A 

I 
40 

A 

\' 0 

\,0 

\,0 

Fig. 5.168 

~2A 

d3.5A 
4. Figure 5.169 represents a part of closed circuit. The potential 

difference (V" - VB ) is 

t--- --- --- ----, . ' 
A : : I" 3;1 

a : -I + , • 

a24V 
c.6V 

• '3V 10 , 
: _____________ ..1 

Fig. 5.169 

b. OV . 

d 18V 

60 B 

5. Figures 5.170and 5.171 show two squares, X and Y, cut from 
a sheet of metal, ofunifonn thickness t. X and Yhave sides of 
length L and.2L, respectively; 
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5.46 Physics fOr IlT-JEE: Electricity and Magnetism 

Fig. 5.170 

14 
2L 

Fig.S.17. 

The resistance R, and Ry of the square are measured between 
the opposite faces shaded in the Figs. 5.170 and 5.171. 

What is value of Rx ? 

a 114 
c. I 

R, 
h 112 
d2 

6. In the circuit shown in Fig. 5.172, the magnitudes and the 
direction of the flow of current, respectively, would be 

Fig. 5.172 

a ~Afromatohviae' - 
c.IAfromb lollviae 

h !..Afrombtoaviae 
3 

d I Afromatobviae 

7. A cell ofe.m.f E voh with no internal resistance is connected 
to a wire whose cross-section changes. The wire has three 
sections of equal length. The middle section has a radius a 
whereas the radius of the outer two sections is 2a. The ratio 
of the potential difference across the section AB to the 
potential difference across the section CA is 

&5 
c.112 

E 

,-----<cl----~=-----, 

CIAIRl 

Fig. 5.173 

h4 
e. 114 

8. The plot repreSents the flow of current through a wire at 
three different times. The ratio of charges flowing through 
the wire at different times is (see Fig. 5.174) 

a 2: 1:2 
c. 1: I : I 

2 

2 

123456 7 8 
Time in seconds -to 

Fig. 5.174 

b. 1 : 3: 3 
d 2:3:4 

9. Two cell A and B, each ofe.m.f2 Y, are connected in series to 
an external resistance R = 1 n. If the internal resistance of cell 
is 1.9 nand that of 8isO.9 n, what is the potential difference 
between the terminals of cell A? 

& 2V 
c.O 

A B 
,---111-----11 1--.., 

R 

Fig. 5.175 

h 3,8V 
d None of the above 

10_ Two resistors of resistances 200 kn and I Mn, respectively, 
form a potential divider with outer junctions maintained at 
potentials of + 3 V and - 15 V. 

• 3V 200kn x [Mil .- 15V 

Fig. 5.176 

What is the potential at the junction X between the 
resistors? 
a+1 V 
c. -O.6V 

h OV 
d - 12V 

11. Some early electric light bulbs used carbon filaments, the 
resistances of which decreased as their temperature 
increased. Which of the following graphs best represents 
the way in which I, the cLirrent through such a bulb, would 
depend upon V, the potential differed across it? 

{ 

l~:=~ o v 
d. 

0';;-___ • v 
o 

c. 
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, 
12. A cell is connected to a unifonn resistance wire XYand Y is 

earthed as shown in Fig. 5.177 

j 
-w 

I 
x y 

Fig. 5.177 

Which one of the options of the. graphs show that current 
density J vanes along XY? 

x .. y x b • 
y 

lL 1:~~ 
x c. y X d. y 

13. The equivalent resistance between A and B in the network in 
Fig. 5.178 is 

A 0---1 

4 
a,"3 Q 

c.3!l 

80 

Fig. 5.178 

h~!l 
2 

d2!l 

• 

14. In the circuit shown here in Fig. 5.179'£1 = £2 = £3= 2 V and 
RI = R2 = 4 Q. The current flowing between points 
A and B through battery £2 is 

E, 

f------f. 

.. rem 
c.2AfromBtoA 

Fig. 5.179 

h 2A from A toB 
d. None of the above 

15. An electric current flows along an insulated strip PQ of a 
meta!!ic conductor. The current density in the strip varies as 
shown in the graph of Fig. 5.180. 

Electric Current and Circuits 5.47 

I 
P~----ODCi,C,,-",C,C.C'OC"Cg----~Q 

strip from P 

Fig. 5.1~O 

Which one of the following statements could explain this 
variation? 
a. The strip is narrower at P than at Q. 
b. The strip is narrower at q than at P. 
c. The potential gradient along the strip is unifonn. 
d. The resistance per unit length of the strip is constant. 

16. Figure 5.181 shows a thick copper rod X and a thin copper 
wire Y joined in series. They carry a ' current which is 
sufficient to make Ymuch hotter than X. 

Fig. 5.181 

Which one of the following is correct? 

Numberofdensity Mean time between 
conduction electrons collisions of the 

electrons 

a. Same in X and Y Less X in than in Y 
b. Same in X and Y Same in X and Y 
c. More in X than Y More in X than in Y 
d. More in X than Y Less in X than in Y 

Same in X and Y 

17. If a copper wire is stretched to make it 0.1 % longer. The 
percentage change in its resistance is 
a. 0.2% increase . b~ 02% decrease 
c. 0.1 % increase d. 0.1 % decrease 

18. The mass of the three.wires of copper are in the ratio 1 : 3 : 5. 
And their length arc in ratio 5 : 3' : 1. The ratio of their 
electrical resistance is 
a. 1: 3: 5 b. 5: 3: 1 
c. 1: 15: 125 d. 125: 15: 1 

19. A steady current flows in a metallic conductor of non· 
uniform cross·section. The quantity/quantities constant 
along the length of the conductor is/are 
a. current, electric field and drift speed 
b. drift speed only 
c. current and drift speed 
d. current only 

20. In the part of a circuit · shown in .Fig. 5.182, the potential 
difference eVe - VH) between points G and H will be 
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5.48 Physics for UT..JEE: ftmridty and Magnetism 

LOV 
C. 7 V 

GtA 
.0 ,~V 

Fig. 5.182 

h 15V 
·d. 3 V 

1A 

lA 

21. Is it possible that a battery has some constant value of e.m.f 
but the potential difference between the plates is zero? 
a. Not possible 
h. Yes, if another identical battery is joined in series 
c. Yes, possible if anothe~ battery is joined in oEposition 
d. Yes, possible if another similar battery is j~ined in parallel 

22. The two ends of a unifonn conductor with some resistance 
are joined to a cell of e.m.f E and some internal resistance r. 
Starting from the midpoint P of the conductor, we move in 
the direction of current and return to P while moving 
through the complete circuit. The potential Vat every point 
on the path is plotted against the distance covered (x). 
Which of the following graphs best represents the resulting 
curve? 

•• b • 

.. d • 

23. In Fig. 5. IS3 shown, if a battery is connected between points 
A and B, e.m.f E = IS V, the current flowing through the 
battery is . 

24. 1\vo square metal plates A and B are of the same thickness 
and material. The side of B is twice that or.A. These are 
connected as shown in Fig. 5.184 (series connection). If R,., 

and Rs are the resistances of A and B, respectively, then R" is 
R, 

a. 1 :2 
c. I : -1 

/ 
,-----

A 

, 
//'" -------

, 
B 

Fig. 5.184 

h 2: 1 
d. 4: 1 

25. In a gas.discharge tube, 3 x ~018 electrons are flowing per 
sec from left to right and 2 x 1018 protons are flowing per 
second from right to len through a given cross-section. Find 
the magnitude and the direction of cu~nt through the cross 
section. 
a. 0.80 A (Righf to Left) b. 0.40 A (Right to Left) 
c. 0.80 A (Left to Right) d. 0.40 A (Left to Rig~l) 

26. Find out the value of current through Ul resistance fo r the 
given circuit in Fig. 5.185. 

L rem 
c.5 A 

1>. 2 A 
d.4 A 

27. The length of a given cylindrical wire is increased by 100%. 
Due to the consequent decrease in the diameter, the change 
in the resistance of the wire will be (AIEEE,2003) 
a. 3000/0 h 200% 
c. lOOo/c d 50% 

2S. The resistance of the &eries combinaliori of two resistance 
is S. When they are joined in parallel, the total resis tance is 
P. If S= nP, then the minimum possible value of n is 

(AlEE£, 2(04) 

a4 
<.2 

1>. 3 
dl 

29. An electric current is passed through a circuil containing 
two wires of the same material. connected in parallel. If the 
lengths and the radii of the wires are in the ratio of 4/3 and 
213, then the ratio of the currents passing through the wires 
will be 

(AlEEE,2OO4) 
a.3 bl/3 
Co 8J9 d. 2 

30. The Kirchhoff 's first law (.u = 0) and second law 
(EiR-= Em, where the symbols have their usual meani ngs, 
are respectively based on (AlEEE,2OO6) 
a. conserVation of momentum, conservation of energy 
b conservation of charge, conservation of energy 
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c. conservation of charge, conservation momentum 
d. conservation of energy, conservation of charge. 

31. The resistance of a bulb filament is 100 Q at a temperature 
of 100"C. If its temperature coefficient of resistance be 
0.005 Q per °e, then its resistance will become 200 Q at a 
temperature of (AIEEE-2OO6) 
a. 500"C h 200"e 
c. 300ee d. 400 0e 

32. When a current I is set up in a wire of radius r, then the drift 
velocity is Yd' If the same current is set up through a wire of 
radius 2r, then drift velocity will be 

a. 4Vd h 2V" 

33. The resistance of a metallic conductor increases with 
temperature due to / 
a. change in carrier density 
n change in the dimensions of the conductor 
c. increase in the number of collisions amting the carriers 
d. increase in the rate of collisions between the carriers and 

the vibrating atoms of the conduct 
34. A straight conductor of uniform cross-section carries a 

current I. Let s be the specific charge of an electron. The 
momentum of all the free electrons per unit length of the 
conductor, due to their drift velocities only, is 
a. Is hl/s 

c. M d.lId 
35. Current flows through a metallic conductor whose area of 

cross-section incrcases in the direction of the current. If we 
move in this direction then, 
a. the current will change 
h the carrier density will change 
c. the drift velocity will increase 
d the drift velocity will decrease 

36. A no conducting ring .of radius R has charge Q distributed 
unevenly over it. If it rotates with an angu lar velocity w, the 
equivalent current will be 
a.0 nQw 

'" c.Q-
2" 

37. All the edges of a block with parallel faces are unequal. Its 
'longest edge is twice its shortest edge. The ratio of the 
maximum to minimum resistance between parallel faces is 
a.2 h4 c.8 
d. Intleterminate unless the length of the third edge is 

specified. 
38. The e.m.f of a cell is £ and its internal resistance is r. Its 

terminals ate c()Qnected to a resistance R. The potential 
difference between the terminals is 1.6 V for R = 4 Q, and 
1.8VforR=9Q.Then, 
a.£=lV,r=IQ b.e = 2V,r = IQ 
c.£=2V,r=2Q d. £=2.5V,r=0.5Q 

39. N identical cells are connected to form a battery. When 
the terminals of the battery are joined directly (short
circulated), current I flows in the circuit. To obtain the 
maximum value of I, 

Electric Current and Circuits 5.49 

a. All the cells should be joined in series. 
b. All the cells should be joined in parallel. 
c. Two rows of NI2 cells each should be joined in parallel. 

d. IN rows of IN cells each should be joined in parallel, 

given that IN is an integer. 
40. n identical cells, each ofe.mJ eand internal resistance r, arc 

joined in ~eries to form a closed circuit. The potential 
difference across anyone cell is 
a. zero b. e 

e 
c. -

II-I 
d. ~-e 

n n 
41. n identical cclls, cach of c.mJ eand internal resistance r, are 

joined in series to form a closed circuit. One cell A is joined 
with reversed polarity. The potential difference across each 
ceil, except A. is 

2e 
a. 

fI - i 
b. - e 

n n 
n - 2 211 

c. --e d. --e 
n n - 2 

42. In question 41 , the potential difference across A is 

a. ~e b. £(1-~) 

c.2e(I-±) d e(":2) 
43. A potential divider is used to give outputs of 2 V and 3 V 

from as V source, as shown in Fig. 5.186. 

'5V 
R, 

+ 3V 

'2V 

OV 0----->--0 
Fig. 5.186 

Which combination ofresistance~, RI, R2, and R3 gives the 
correct voltages? 

R,kQ R2kQ R3 kQ 

a I I 2 

b 2 I 2 . 3 2 2 , 
, d 3 

, 
2 3 

44. Five resistors are connected between points A and B as 
shown in Fig. 5.187. A current of 10 A flows from A to B. 
Which of the following is correct? 

'" 
40 60 

A I c 80 B 

60 

Fig. 5.187 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



5,50 Physics for IIT·JEE: Electricity and Magnetism 

a. VAC= VCR 

C. VAC< Ven 

b. VAC> VCR 

d VC8=24 V 

45. Figure 5.188 shows a potential divider circuit which, by 
adjustment of the position of the contact X, can be used to 
provide a variable potential difference between the tenninals 
p and Q. What are the limits of this potential difference? 

a. Oand20mV 
c.Oand20V 

~
kO_P 

251. ~Q 
, kO 

Fig. 5.188 

b. 5 mV and 25 mV 
d.Oand25V 

46. The current through the 8 n resistor (shown in Fig. 5.189) is 

rv 
15Q=6.0V 

12V 12V 
III· • 111f--'-----' 

Fig. 5.189 

a.4A b.2A C.zero d2.5A 
47. In the network shown in Fig. 5.190, the potential difference 

across A and B is 

& 6V 

12V 
F r-"f--t-A_--, 

2.0n 6.on 4.on 

c G D 

4.on 6.on 2.00 

"----+--11 f- E 
B 1;~ 

Fig. 5.190 

I",ro c.2V d4V 
48. What resistor should be connected in parallel with the 20 Q 

resistor in branchADCin the circuit shown in Fig. 5.191 so 
that potential difference between ,B and D may be zero 

to 14 V 

A 

20n 8 Ion 

20n D 5n 
Fig. 5.191 

c 

a. 20n 
c. 5 n 

b. 100. 
c. IS 0. 

49. Three resistors are connected as shows in Fig. 5.192. the 
points X and Yare connected to a source of direct current 

RI 12 

x I, y 

R, 

Fig. 5.192 

The ratio 11/1) is 

a. R) +RI b. R2 +RI c. RlR3 
RI RI RI (Rl + R3) 

d. Dependent on the internal resistance of the source and 
independent of R I' 

50. Find out the value of resistance R in Fig. 5.193. 

100 

120V[='------'------',ooo, R Hoov 

a. loon 
c.500. 

Fig. 5.193 

h 2000 
d. 1500. 

51. Three resistances are joined together to form a letter Y, as 
shown in Fig. 5.194. If the potentials of the terminals A, B, 
and C .are VI' Vl , and V3, respectively, then determine the 
potential of the node O. 

R, 

o 

c 
• v, 

Fig. 5.194 

[
V V vl . d _I +-.1..+ _'_ [R2 +Rl +R2] 

'R2R2R21t3 , , , 
52. In Fig. 5.195, the value of resistors to the connected between 

C and D, so that the resistance of the entire circuit between 
A and B does not change with the number of elementary sets 
and is 
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A R F R 

... ~ 
R R R 

R E R D ·8 R R 

Fig. 5.195 

a.R " RC-J3 - I) c.3R 
53. A wire of length Land 3 identical cells ofnegligihle internal 

resistances are connected in series. Due to the current, the 
temperature of the wire is raised by 6. Tin a time t. A number 
N of similar cells is now connected in series with a wire of 
the same material and cross-section but of length 2L. The 
temperature of the wire is raised by the same amount 6. T in 
the same time t, the value of N is 
3.4 h.6 c.8 d.9 

54. The effective resistance between point P and Q of the 
electrical circuit shown in P"ig. 5.196 is 

p 

a. 

2R 

2R , 

2R 
2R 

Fig. 5.196 

b. 8R(R+r) 
3R+r 

2R 

, 
Q 

2R 

c.2r+4R 
5R 

d 2+2r 

55, Figure 5.197 shows a wheatsttme bridge circuit. Which of 
the following correctly shows the currents II' /2' and 13 in 
the correct decreasing order of magnitude? 

B 

A C 

I, 

D 

II 
Fig. 5.197 

a 11,/2,/) h/2,i3,il c./2,11,l3 d/3,/2,/[ 
56. Figure 5.198 below shows an unbalanced wheatstone 

bridge. What is the direction of conventional current 
between 8 and D? 

8 

A 

Fig. 5.198 

Electric Current and Cirwits 5.51 

a 8toD h· Dt08 
c. Depends on the value of emf E of the cell 
d. Depends on the internal resistance of the cell 

57. For a cell, a graph is plotted between the potential difference 
V across the terminals of the cell and the current I drawn 
from the cell (see Fig. 5.199). Thee.m.f and internal resistance 
of the cell is E and r, respectively. 

2.0 

1.5 

1.0 

0.5 

V(volt) 

\--+--+--+---;-'1--.1 (amp) 

a E=2V,r=0.5,Q 
c.E>2V,r=0.5,Q 

2 3 4 5 

Fig. 5.199 

h E=2V,r=OA,Q 
d. E>2V,r=OA.Q 

58. A IIJ.Fcapacitor holding a charge of I x 10-5 C is connected 
to a 10 .Q resistor via a switch. 

L 
TL-' '_f ----'----------'~ IOn 

Fig. 5.200 

What current will flow after the switch is closed? 
aO h 10-sA 
c.IA dlOA 

59. In the given circuit in Fig. 5.201, with steady current, the 
potential drop across the capacitor must be 

a.V 
c. VI3 

Fig. 5.201 

h VI2 
d. 2VI3 

60. In the given circuit of Fig. 5.202, with steady current, the 
potentia! drop across the capacitor must be 

a.V 
c. VI3 

2V 2R 

Fig. 5.202 

" V!2 
"d. 2V/3 

61. The capacitive time constant of the RC circuit shown in 
Fig. 5.203. 
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5.52 Physics for IIT-JEE: Electricity and Magnetism 

t::J 
E K 

Fig. 5.203 

a. Zero b. Infinity 
c.2s d.2f..1s 

62. A capacitor is charged to certain potential difference and 
then discharged through a resistor R. It takes 21ls for current 
through take 4)ls for current to become half its initial value, 
;, 
a. C is doubled b. R is doubled 
c. either [aJ or [bJ d. both Rand C arc doubled 

63 •. For the arrangement shown in Fig. 5.204, the switch is closed 
at t = O. The time after which the current becomes 2.51lA is 
given by (jJ2 = 0.69) 

a. 10 s 
C" 7 s 

~ 
s 

Fig. 5.204 

h 5, 
d. 0.693 

64. A capacitor discharges through a resistance. The stored 
energy Po in one capacitive time constant falls to 
a. uole 2 b. euo 
c. uole d. None of these 

65. When the switch is closed, then initial current through 10: 
resistor is (sec Fig. 5.205) 

a.12A 

c • .!.2.A 
7 

In 

3n 

Fig. 5.205 

h4A 

d.3A 

66. A capacitor C is connected to thc two equal resistances as 
shown in Fig. 5.206. What is the ratio of time constant during 
charging and discharging of the capacitance? 

r~S~R 
E C 

R 

Fig. 5.206 

a. 1:1 
c. I: 2 

b. 2: I 
d. 4: I 

67. Current through the battery, at instant when the switch S is 
cl?scd is (see Fig. 5.207) 

a rero 
c.4A 

2" 

30 

lOY 

Fig. 5.207 

h 2A 
d 5A 

68. When the switch is closed, then final charge on the 31lF 
capacitor in the stead state is (see Fig. 5.208) 

IOn 

I,\~ 
k T3

" ", - lOY 

T 
Fig. 5.208 

a. IO)lC h 20Ile 
c. 30 IlC d. 40 IlC 

69. In Fig. 5.209, r = 10 nand C=:, 2)lE The value of the steady 
state current I is 

a2A 
,,0 

C 

70. Find equivalent resistance between points A and B in the 
Fig. 5.210 when they are in the steady state. 

3 
a '4ro 

5 

" 3'/b 

'"6" "'C
o 

'0 

A B 
" 

Fig. 5.210 

4 
h -Ib 

3 

d. None of th~e 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



71. The equivalent resistance between the point A and B in 
Fig. 5.211 at steady state will be 

C, 
R) - I' 

RI - r C, 
R4 - I' 

C, 

A B 

Fig. 5.211 

a. 21' 

5 
C. - I' 

3 
d. None of these 

72. n resistors each of resistance R are joined with a capacitor s 
of capacity C(each) and a battery ofe.m.f Eas shown in the 
Fig. 5.212. In steady state condition. ratio of charges stored 
in the firs! and last capacitor is 

a. 11 : I 
c. (n2 + I): (n2 _1) 

:. Fig.5.212 

h(n-J):R 
d. 1: 1 

73. At a steady state, the energy stored in capacitor is 

2,F 

a. 4x 10-6 J 
c.4J 

"-- --1'1-- -' 
2V 

Fig. 5.213 

h 21 
d. Zero 

74. In the cirCUit shown in the Fig. 5.214, when the switch is 
closed, the capacitor charges with a time constant 

a. RC , 
c. - RC 

2 

c R 

R 

Fig. 5.214 

h 2RC 

d. RClog2 

Electric Current and Circuits 5.53 

75. In the question 74. if the switch is opened after the capacitor 
'has been charged, it will discharge with a time constant 
a. RC b.2RC , 
c. -RC d. RCln2 

2 
76. A capacitor is charged and then made to dischurge through a 

resistance. The time constant is t: In what time will the 
potential difference across the capacitor decrease by 10% 
u. 1'In (0.1) b. -rln(0.9) 
c. -rln(10/9) d. -rln(11110) 

77. In the question 76, after how mnny time constants will the 
potential difference across the capacitor fall to 10% of its 
initial value? 
u. 2 b. 2.303 , 
C.-- d _1-

0.693 0.37 
78. A capacitor charges from a cell through a resistance. The 

time constant is t: In 'what time will the capacitor collect 
10% of its final charge? 
u. -rln (O.l) bl' -rln (0.9) 
c. -r1n(10/9) d. -rln(1111O) 

79. In the question 78, after how m~ny time constants will the 
charge on the capacitor be 10% less then its final charge? 
u.2 b. 2.303 

c. - '- d. -'-
0.693 0.37 

80. The charge on a capacitor decrease 7J times in time t, when 
it discharges through a circuit with a lime constant t; 
a.1 = l}T b. -r= -rln7J 

C.I = -r(ln 7J-I) d t= -rln(I-*) 

81. What is the charge stored on each capacitor CJ and C2 in the 
circuit show below? 

60 3il 
" 

2,F 
b ' F 

" I • I , 
c, c, 

• 
I2V 3il 

Fig. 5.215 

a. 6).lC,6).lC h 6).lC,3).lC 
c. 3 ILC, 6 jlC d. 3 ILC, 3 ILC 

82. In the circuit shown in Fig. 5.216. find the maximum 
energy stored on the capacitor. Initially the capacitor was 
uncharged. 

30 I n lOY IOnAloQ 

L.wIVr--'-"IO",V H2~60Y 
In Ion 

Fig. 5.216 

a. lSOMC h 1(XlMC c. SOMe d zero 
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5.54 Physics for IIT.JEE: Electricity and Magnetism 

83. , A charge capacitor is allowed to discharge through a resistor 
by closing the ~y at the instant t= 0 (see Fig. 5.217). At the 
instant t = (In 4}IJ.s, the reading of the ammeter falls halfthe 
initial value. The resistance of the ammeter is equal to 

. 
-a. 1 MO: 

A 

Fig. S.217 

h]Q 

2Q 

c.2n· d2MO: 
84. In the circuit shown in Fig. 5.218, switch S is closed at time t 

= 0, Let 11 and 12 be the currents at any finite time t, then ratio 
i 11J2 

2C 

C 

J, 

v 
Fig. 5.218 

a. is constant 
b. increase with time 
·c. decr~ases with time 

R 

R 

d first increases, then decreases 
85. In the circuit shown in Fig. 5.219, C j = 2Cz. Capacitor C1 is 

charged to a potential of V. The current in the circuit just 
after the switch S is closed is 

.. 0 

~ 
C'U~C' 

S R 

Fig. 5.219 

h 2V!R 
d. VI2R 

86. A capacitor of capacitance 2).lF is connected as shown in 
Fig. 5.220 the internal resistance of the cell is 0.05. The 
amount of charge on the capacitor plates is 

a. Zero 

2Q 

2.5 v 
Fig. 5.220 

h 2).lC c.4).lC d 61lC 

• 

. . 

87. In the circuit given in Fig. 5.221 switch S'ts' at position I fo 
long time. Find the total heat generated in resistor 0 

resistance (2ro), whcn the switch S is shifted from position 

to position 2. 

c <' .. -'-"'-
2 

~8 
1"0 Eo 

. Fig. 5.221 

coEJ c·-
3
- d None 

88. A capacitor of capacitance 31lF is first charged by connectin 
it across a 10 V battery by closing key K1, then it is allowe 
to get discharged through 2 Q and 4 Q resistors by closin 
the key K2 (see Fig. 5.222). The total energy dissipated in t~ 
2 Q resistor is equal to 

a. 0.5mJ 
c.0.15mJ 

lOY 

8 
4Q 

Fig. 5.222 

h 0.05mJ 
d None of these 

89. In the circuit in Fig. 5.223, if no current flows through tl 
galvanometer when the key k is closed, the bridge 
balanced. The balancing condition for bridge is 

Fig. 5.223 

h .s.= R2 
C2 Rl 

CI
2 == RI2 d C~ R2 

. c. C2 R2 C2=R, , , , 
90. A capacitor of capacitance C has charge Q. It is connec' 

to an identical capacitor through a resistance. The h 
produccd in the resistance is 

Q' .. 
2C 

Q' 
e. 8e 

Q' 
h-

4C 

d Dependent on the value of the resistance 
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-~-~-- ----~ --,- ' 
Lf~"~' -,' '. . , ~. 

91. In the circuit shown in Fig. 5.224, thc cell is ideal, with 
c.m.f = 15 V. ~ach resistance is of 3 n. The potential 
difference across the capacitor is 

aO 
c.12V 

... Rv.-~-;;3n"---r_C--l~3~ 

R R 

R R 

L ___ ''i" "V 

Fig. 5.224 

~ 9V 
d. 15V 

92. A conductor of area of cross-section A having 'charge 
carriers, each having a charge q is subjected to a potential V. 
The number density of charge carriers in the conductor In 
and the charge carriers along with thei r random motion are 
moving with a velocity v. A current I flows in the conductor. 
If] is the current density, then 

a. I] I = nqV, in the direction of current flow. 

h. I] I = nqv, in the direction opposite to current now. 

c. I] I = nqV, in the direction perpendicular to current flow. 

d. I] I = nqv, in the direction of current flow. 
93. A conductor of area of cross-section A having charge 

carriers, each having a charge q is subjected to a potential V. 
The number density of charge carriers in the conductor is n 
and the charge carriers (along with their random motion) are 
moving with a velocity v. If s is the conductivity of the 
conductor and -ris the average relaxation time, then 

m ma a. -r= - _.- b .• =--
nq2a nq2 

2ma' I rna' 
c. -r= --2 d. -r=- - -

nq 2 nl 
94. The temperature coefficient of resistance of conductor 

varies as a T= 3T2 + 2T. If Ro is resistance at T= 0 and R be 
resistance at Tthen 
a.R=Ro(6T+2) 
c.R=Ro(1+T2+T3) 

b. R=2Ro(3+21) 
d. R=RoO-T+T2+T3) 

95. A straight conductor of uniform cross-section carries a time 

varying current which varies at the rate dl = 1. If s is the 
. dt 

specific charge that is carried by each charge carrier of the 
conductor and f. is the length of the conductor then the total 
force experienced by all the charge carriers per unit length 
of the conductor due to their drift velocities only is 

a. F= Is 

I c. F=-

I 
b. F= r. 

2vls 

d. F= 211 , , 
96. A block of metal is made in the cUb<?id form with all edges 

of unequal length. The shortest length is one-third the 

Electric Current and Circuits 5.55 

longest one. If Rma~ and Rmin are the maximum and 
minimum resistance between parallel faces then, 

Rm•x = 4 a. 
Rmin 

RmlJJ< =3 c. 
Rmin 

d. Data insufficient 

97. Sixteen resistors each of resistance 16.0. are connee;ted in 
the circuit as shown in Fig. · 5.225. The net resistance 
between AB is 
a. 1 Q b. ZQ 
c. 3 Q ! d.4Q 

~ 
A B 

Fig. 5.225 

98. The circuit diagram shown in the Fig. 5.226 consists of a 
large number of elements (each element has two resistors 
R J an R2). The resistance ofthe resistors in each subsequent 

element differs by a factor of k = .!. from the resistances of 
Z 

the resistors in the previous elements. The equivalent 
resistance between A and B shown in Fig. 5.226 is 

R\ KR\ !(2R\ k"R\ 

~ ~ _ _ ~ a) 

a. Rj - R2 
2 

Fig. 5.226 

(R j -R2)+)R? +Ri +6R[R2 
c. 2 

d. None of these 
99. The resistance of all the wires between any two adjacent 

dots is R. The equivalent resistance between A and B as 
shown in Fig. 5.227 is 

7 
a. -R 

3 

c. 14R 
8 

A 

7 
b. -R 

6 

d. None of these 

Fig. 5.227 

100. Thcre is an infinite wire grid with cells in the form of 
equilateral triangles. The resistance of each wire between 
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5.56 Physics for In·JEE: Electricity and Magnetism 

neighboring joint connections is Ro. The net resistance of 
the whole grid between the points A and B as shown in 
Fig. 5.228 is 

a Ro 

~\ 
Fig. 5.228 

h Ro 
2 

c. Ro 
3 

101. The equivalent resistance between A and B (of the circuit as 
shown in Fig. 5.229) is 

a. 4.50 

7n 

4n 
Fig. 5.229 

b.120 c. 5.40 d 200 
102. For the circuit shown in Fig. 5.230 the equivalent resistance 

betweenAandCis 

B 
, I' e 

, , , , , 
, , 

A D 

Fig. 5.230 

12 b. 1\ 14 d .!1 r a -, c. -, 
II II II II 

103. In a series RC circuit a steady state charge of IO~C is 
established in time of 10 ms. If I ms is the time constant of 
the circuit and 3~C is the charge at any instant for the 
growth part then the decay charge in the circuit is 
a. qd = 3~C b. qJ = 7~C 

104. ABCD is square (see Fig. 5.231) where each side is a uniform 
wire of resistance In. A point E lies on CD such that if a 
uniform wire of resistance In is connected across AE and 
constant potential difference is applied across A and C then 
Band E are equipotential. 

a. CE = 1 
ED 
CE 1 

c. ED = .fi 

A I n B 

10~ln 
~c 

In 
Fig. 5.231 

b. CE = 2 
ED 

d CE =.fi 
ED 

105. In the circuit shown in Fig. 5.232 each battery is 5 V and has 
an internal resis tance of 0.2 O. The reading of the voltmeter 
is V. Then Vequals. 

Fig. 5.232 

h lOY c.15 V d Zero 

Multiple Correct 
Answer Type SoluliO/lS VII page 5.76 

1. In the network shown in Fig. 5.233, points A, B, and Care at 
potentials of70 V, 0, and 10 V, respectively. 

B (OV) 

(70 V) IOn 
20n 

30n A D 

C(IOV) 

Fig. 5.233 

a. Point D is at a potential of 40V. 
b. The currents in the sections AD, DB, DC are in the ratio 

3:2: I .... - . 

c. The currents in the sections AD. DB. DC are in the ratio 
I: 2: 3. 

d The network draws a total powerof200 W. 
2. When some potential difference is maintained between 

A and B, current I enters the network at A and leaves at B 
see Fig. 5.234. 
a. The equivalent resistance between A and B is 8 0 

200 C 50 

~= I=~ 5Q D 20Q 

Fig. 5.234 

b. C and D are at the same potential. 
c. No current flows between C and D 
d. Current 3115 flows from D to C. 

3. In the eireuit shown in Fig. 5.235, thecel! has e.mJ = 10V and 
internal resistance = In 

20 D 20 F 20 

Fig. 5.235 

a. The current through the 3 - n resistor is I A 
b. The current through the 3 - Q resistor is 0.5 A 
c. The current through the 4 - Q resistor is 0.5 A 
Ii Thf' ,,"rrf'nl Ihrn'!oh lh". 4 ._ 0 rp~;~If"lr i~ n?"i A 
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4. In the circuit shown in the Fig. 5.236, some potential 
difference is applied between A and B. The equivalent 
resistance between A and B is R. 

20 

Fig. 5.236 

a No current flows through the 5 - .Q resistor. 
b.R=15Q c.R =12.5.Q 

d. R= ~n 
5 

5. A battery ofe.m. f Eand internal resistance ris connected R. 
Resistance R can be adjusted to any value greater than or 
equal to zero. A graph is plotted between the current passing 
through the resistance (f) and potential difference (\I) across 
it. Select the correct alternatives 

V (volt) 

IO~ 

~l(amp) 
Fig. 5.237 

a internal resis tance of the battery is 511 
b. emf of the battery is 10 V 
c. maximum current which can be taken from the battery is 

2A 
d V-I graph can never be a straight lines as shown in the 

Fig. 5.237 
6. In the given circuit (Fig. 5.238) 

20 p 

I ' 

Q 

Fig. 5.238 

a The current through the battery is 5 A 
b. P and Q are at the same potential 
c. Pis 2 V higher than Q 
d. Q is 2 V higher than P 

7. For the batteries shown in Fig. 5.239, RI • R2• and R3 are the 
internal resistances of E I , E2, and E3, respectively. Then, 
which of the following islare correct? 

." 
kl R, 

A + - 8 
Ii, R, 

+ 
E, R, 

)i';,.. ~""l,O 

Electric Current and Circuits 5.57 

a Equivalent internal resistance R of the system is given 

RIR2R3 by: . 
RIR2 + R2R) + RjRI 

(EIR2 +E2RI) . 
h If E3 = ( )' equivalent e.m.f of the batteries 

RI + R2 
will be equal toE j • 

c. Equivalent e.m.f of the battery is equal to 

E=(E I +E2+E3)/3. 
d Equivalent emf of the battery not only depends upon 

values of E I • E2 and E3 but depends upon values of RII 
R2, and R3 also. 

8. A single battery is connected to three resistances as shown 
in Fig. 5.240. 

A E 
R, 

C 
B 

J.2V 
D 

R, ,0 6n R, 

F 
G 

fl 

Fig, 5,240 

a The current through 7 n resistance i_s 4 A. 
h The currenllhrough 3 n resistance is 4 A. 
c. The current through 6 n resistance is 2 A. 
d The current through 7 11 resistance is O. 

9. The charge flowing in a conductor varies with time as 
Q = at - bt2

• Then, the current 
a decreases linearly with time 
h reaches a rnaximum and then decreases 

c. falls to zero after lime t = .!!.... 
2b 

d changes at a rate - 2 b 
10. The potential difference between the points A and B in the 

circuit shown in Fig. 5.241 is-16 V. Then; 

I Q i9V~ -1-O--: D 3 V 1 Q 3Q 

A~~B 

2n 
Fig. 5,241 

a the cun-enl through the 2 n resistance is 3.5 A 
h the current through the 4 n resistance is 2.5 A 
c. the current through the 3 11 resistance is 1.5 A 
d the potential difference between the terminals of the 9 V 

battery is 7 V 
11. In the circuit shown in Fig. 5.242, mark the correct options. 

R-60n R - 40n 
fr-~~~--~~~' 

IHl 210 
2.on 

6.0V .::::.12V 

" ~I '~tlf-- , 
Lo n 1.0n 6.0V 

"L ------III 
12V 

b 
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5.58 Physics for JIT.JEE: Electricity and ~agnetism 

a. Potential drop across R I is 3.2 v. 
h Potential drop across R2 is5.4 V. 
c. Potemial drop across RI is 7.2 V. 
d. Potential drop across R2 is 4.8 V. 

12. In Ihe given circuit (as shown in Fig. 5.243) 

E F 

I~: 1.0kn 
B 

1.0 lin 

1.0 kn 1.0 k!l 
1.0 k!l 1.0 k!l 

t.Ok!l 

D + 
1.0 k!l I~V~ 

/I G 

Fig. 5.243 

a. The equi valent resistance between C and G is 3 kQ. 
h. The current provided by the source is 4 rnA. 
c. The current provided by the source is 8 rnA. 
d. Vohage across points G and E is 4 V. 

/ 

13. Study the following circu it diagram in Fig. 5.244 and mark 
the correct options. 

V .. 18.0 V 

6.000 

, 
~T boo,F 

'1' 3.00 IIF 3.00 0 

Fig. 5.244 

a. The potential of point a with respect to point b in figure 
when switch S is' open is - 6 V. 

h. The poims a and b, are at thtl same potential, when S is 
opened. 

c. The charge flows through switch S when it is closed is 
54~C. 

d. The fi nal potential of b with respect to ground when switch 
S is closed is 8 V. 

14. The capacitor C is initially without charge. X is now joined 
10 Yfor a long time, during which H I heat is produced in the 
resistance R. X is now joined to Z for a long time, during 
which H2 heat is produced in (see Fig. 5.245) R. 

c~ 
z x 

Fig. 5.245 

a.HI=H2 

c. HI = 2H1 

d The maximum energy stored in C at any time is HI' 
IS. In the question 14, the energy supplied by the cell during 

charging is equal to 
a. HI h Hl 
c.2H1 d lil + H2 

16. In the circuit shown in Fig. 5.246, the cel l is ideal, with e.m.f 
= 2Y. The resistance of the coil of the galvanometer G is IQ. 
Then 

c 

D '-_ _ -'+, , V 

Fig. 5.246 

a. no curren! flows in G 
h 0.2 A curren! flows in G 
c. potemial difference across C I is I V 
d potential difference across C2 is 1.2 V 

17. In the circuit given in Fig. 5.247 the resistances RI = Rl 
= R3 = R. = 4 Q and Rs = R6 = R7 = Rs = 12 n and the 
capAcitors C1 = C2 = C3 = C4 = IIlF and C5 = C6 = C7 = Cs = 3 ).tF, C9= 51lF, are arranged with a battery ofe.mJ c. Point 
o is earthed 

c, 

R. 

Fig. 5.247 

a. The reading of the ammeter long time after closing the 
switch is 2 A. 

h If just after closing the key the ammeter reads 2A then the 
value of cis 6 V. 

c. The charge on C! capacitor at steady state is 31lC. 
d The heat developed in the circuit long time after closing 

the key is 72 )lJ . 
18. A number of resistors RI, R2, R3 • ... are connected in 

series such that R$ is the equivalent resistance of series 
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combi nation. A current I is nowi ng in the circuit due to a 
potential V applied across the circuit. VI. V2• V3 • . .. are 
potential across RI• R2• R) • ... respectively. 
a. Same current I will now through each resis tor. 
b. VI + V2+ V)+ ... = V 

c. V, =( ::)v: V, = (:} V, =( :} 
d Dala insufficient 

19. Two circuits (as shown in. Fig. 5.248) are called Circuit A and 
Circuit B. The equivalent resistance of Circuit A is x and that 
of Circuit B is y between I and 2. 

: t~' ! /f. F~'~lJf. F~~ 
~ir.cui I A 

2R 211 2R 2R 2R 

Fig. 5.248 

a y> x h y = ( J3 + I)R 
c.xy=2R1 d x - y= 2R 

20. A cube is made of twe lve identical wires each of resistance 
Ro· The equivalent resistance between the two points lying 
on the d iagonal corners of cube is x and the equivalent 
rcsi shmce between the two oppositc coiners of a face of 
cubeisy. 

x 10 11.- =-
Y 9 
x 10 

c. - =-
y 7 

Assertion-Reasoning 
Type 

h x-y= Ro 
12 

dx - y", ~ 
4 

SO/lIl iolls 011 page 5. 79 

In the following questions, each question contains STATEMENT I 
(Assertion) and STATEMENT II (Reason). Each question has 
four choices a, b. c, and d out of which ONLY ONE is correct. 

a State ment I is True, Statement II is Tmc ; Statemcnt II is a 
correct explanation for Statement I. 

b Statcment I is Tme. Statemcnt II is Tnlc ;Statcmcnt II is NOT 
a correct ex planatio n for StUiement l. 

Co Stateme nt I is True, Statement II is False. 
d Statement I is Flllse, Stllteme nt II is Tme. 

I. Statement J: When n wire is ~tretched ~o that its d iamcter is 
halved then its resistance bc<:omc 16times. 
Statem ent II: Resistance of wirc decrcase with increase in 
length. 

2. Stntement 1: The value of tcmperature coefficient of 
resistance is positive for metals. 
Statement II : The temperature coefficient of rcsistancc fo r 
i n ,~ ulator is .dso po~ itjv c. 

Electric Curren t and Circuits 5.59 

3. Statement I: When an insulated wire is bent. its resis tivity 
increases 

S ta tement II: On bend ing, the velocity of electron 
decreases. 

4. Statement I: If the radi us o f copper wire carrying a current is 
doubled, then the drift vclocity of the electrons will become 
o ne foun h. 

Statcment II: Drift velocity will change according to the 
relation, I = ncAvd. 

5. Statement I : A 'wire of resistance R is bent in the form of a 
circle. The resistance betwecn two points on circumference 
of the wire or at the end of dimneter is R/4 . 

Statement II: The resistance betwecn the two points on 
circumference of the circle will be the pm·alle! combination 
of two resistances of upper and lower parts of the circle. 

6. Statement I: The equivalent resistance in series combination 
is larger than even the largest individual resistance. 

Statement II: The equivalent resistance of the parallel 
combination is smaller than even the smallest resistance. 

7. Sta temcnt 1: If a wire is stretched 10 increase ils length n 
timcs then its resis tance also become n times. 

Statement 11: Re.~ i stance of the wire is di rectly proportional 
to its length. 

8. Statement I: Two unequal resis tances are connected in 
parallel llcross a cell , then current through the smaller 
resistor is more. 

Statement II: Morecurrcnt will flow through a largerresistcr. 

9. Statement J: Two uncqual resistances are connected in 
series across a ce ll , thcn potential drop across the larger 
resi stance is morc. 

Statement II: The current will be same in both unequal 
resistances . 

10. Statcmcllt J: A piece of copper and other of gcrmanium are 
cooled from room tcmperature to 100 K conductivity of 
copper increases and that of gcrmani um decreases. 

Statemcnt II: Coppcr has positive temperature cocfficient 
where as gennnniuOl has ncglltive temperature coefficient. 

II . Statcmcnt I: Current flows in <t conductor only whcn there is 
an clectric I1cl<1 within .he conductor. 

Statement Jl: Thedri ft velocity of electrons in the prescnce 
of electric I1cld dccrellses. 

12. Stlltcmcnl l : If thc length of a conductor is doubled. the drift 
velocity will become half o f the orig inal value (keeping 
potent i:11 difference unchanged). 

Sta tement II : At constllnt potcntial difference drift velocity 
is inversely propo rtional to thc length of the conductor. 

Comprehension 
Type 

For Problcms 1 - 3 

Soiuliolls 011 pagt! 5.80 

Find Ihe current supplied by the battcry in the circuit in each case 
(i), (i i), and (iii) us ~hown in Fig. 5.249. 
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5.60 Physics for IIT·JEE: Electricity and Magnetism 

nn nn 
(i) (;;) 

Fig. 5.249 

1. a4A b.3A c.12A 
2. a.9A b.4A c.12A 
3. a.5A b.15A c. lOA 

For Problems 4 - 6 

.n 

IHl 

(iii) 

'" 

d5A 
d. 3A, 
d.25A 

Fig. 5.250 shows two ideal voltmeters and an ammeter which are 
connected across the various circuit elements. If the voltmeter 
connected across 9 Q resistan.ee reads 4.5 V, then answer the 
following problems. 

V 
IOn 

9n 3(> >2n 
6n 2n >sn 

I I 
~ 

20n 

Fig. 5.250 

4. The current through 12 Q resistance is 
a. 0.1 A b. 0.75 A c. 0.5 A d. 1.25 A 

5. The reading of the voltmeter connected across 20 n 
resistance 
a. 15 V b. lOY c. 5 V d. 22.5 V 

6. The reading of the ammetcr is 
a. 0.5 A b. 2.25 A c. 1.5 A d. 0. 1 A 

For Problems 7 - 9 

A network of resistance is constructed with R [ and R2 as shown 
in Fig. 5.251. The potential at thc points I, 2, 3 ... N are V [, V2, 
V3 , ... V". respec:tively, each having a potential K times smaller 
than the previous one. 

~y, v, V'---~"Fl' R, N 
Yo RI RI RI 

R2 R2 II~ 112 R.l 

-= -= -:=- -:=- -= 

Fig. 5.251 

. R 
7. The ratIO ......!... is 

II, 

e-..!. h 
k 

a 
k k - I 

1 (k _1)2 
c. k - -_. d 

" k 

. R 
8. The ratIO ...1. 

R, 
is 

(k_I)2 I k 1 
a. b.e-- C. -- dk - -
kkk- I k2 

9. The current that p:lsses through the resistance R2 nearest to 
the Vo is 

(k - 1)2 Vo 
a----

k R3 

b. i,k +Il Vo 

k R3 

C.(k+';2)~: d (k _-')VO 
k' R , 

For Problems 10-12 

Relation between current in conductor and time is shown in 
Fig. 5.252, then determine: 

'. 
Fig. 5.252 

10. Total charge flown through the conductor is 
a. iotr/2 b. ioto c. iotr/4 d. 2ioto 

11. Write lhe expression of current in terms of time. 

. . I 
a. 1 =10 -

10 

c. ; = ;"(~-I) d. ;=;0(1-:.) 
12. If the resistance of conductor is R, thcn lOtlll heat dissipated 

across resistance R is 

·'R 10 to a. - -
2 

·'R ~ b. 4 

For Problems 13-16 

Considerthecin:uit shown in Fig. 5.253. 

K, 

55V 

Fig. 5.253 

13. Find the current i nowing through the circuit when the key 
K[ is open and K2 is closed. 
a.27/14A 
c.33/14A 

b.23/12A 
d.35/11A 

14. Find the net change on the capacitor when K[ is open 
:t.O b.4.8).lC c.2A).lC d. 1.8).lC 
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IS. What is the change in the current i, when K. is closed ? 
a. 1.8 A b. 0.14A 
c. 0.34A d2.3A 

16. The charge of the capacitor when K. is closed 
a. 72~C b. 9.5~C 
c.4.811C d 1.2 11C 

For Problems 17 -19 

Consider the circuit shown in Fig. 5.254. 

I n A 2n D 

I n '.' II In 8·rv;Wv---1 c 
In 

4V 

20: 20: 

Fig. 5.254 

17. T he value of i . is 
a. 7/9 A b. 14/13 A c.14/3A 

18. The potential of point B is 
a. Tlf34 V b. 46113 V c. lflV 

19. The charge in capacitor is 
a. 2).lC h 41lC c. 6).lC 

d 17123A 

d 61/49V 

Matching Column Type SO(UI/(I11$ on paRe 5.82 

1. A capacitor of capacitance O.lllF is connected to a battery 
of e.mJ 8V (as shown in Fig. 5.255) under the steady s tate 
condition. 

A 100 

8V 20n 

8 

Fig.5.25S 

Column I 

i. Charge on the capacitor 
ii. Charge in ACbranch 

iii. Current in AB branch 

20n 

IOn 

IOn 

ColumnD 

a. OA).lC 
b. 0.2 A 
c. 0.1 A 

Electric Current and Circuits 5.61 

.1 iv. Current in R connected 
. between M and N. 

dO.4A 

2. A network consisting of three resistors, three batteries, and 
a capacitor is shown in Fig. 5.256. 

A 

sn 

F 

8 

tOY )\ 
~ 5~F 

8V 

I2V 
Fig. 5.256 

Column ( 

i. Current in branch EB is 

iI. Current in branch CB is 
., 

iii. Current in braoch ED is 
iv. Char~e on capacitor is 

4n 

D 

CoIumnIT 

a. lOllC 
h 0.5A 
Co 1.5 A 
d 5"C .. 

3. A C.rcUit IS shown In fi g. 5.257. R IS a non zero vanable wllh 
finit e res istance. e is some unknown emf with polarities as 
shown. Match the columns 

8, __ -1C _ _ --,D 

R 

Colunml ColwnnD 

I. Current passing through a. possible if e _ 6 V 

4 n resistance can be zero 
ii. Current passing through h. possible if e > 6 V 

4 n resistance can be 
from F to C direction 

iii. Current passing through c. possible if C! < 6 V 
4 n resistance can be 
from C to F direction 1·'; , 

iv. Current passing through d possible for any value 0 
2Q resis tance will be e from zero to infinity 
from B loA direction 

ANSWERS AND SOLUTIONS 
Subjective Type 

1. From the given currents in the diagram, the current through 
the middle br.lnch of thc circuit must be 1.00 A (the difference 
between 2.00 A and 1.00 A). We now usc Kirchoff's rules, 
passing counterclockwise around Ihe top loop: 

200 V - ( 1.00 A) (6.00 n + 1.00 Q) + (1.00 A) 
(4.00 0:+ 1.0(Hl)-E"! =0 

.:::) e.= l8.0V 

Now traveling around the external loop of the circuit: 

20.0 V - (1.00 A) (6.00 n + 1.00 n) - (2.00 A) (1.00 n 
+ 2.00ll)- t2 = 0 ~ e, =7.0V 

So, 

V",, = - (1.00 A) (4.00 0 + I.oon) + 18.0V 

= + 13.0V 

Vlx1 = - 13.0V 
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5.62 Physics for IIT-JEE: Electricity and Magnetism 

2 C I C 'h" 12-6 6 2 . ase: urrentmt eClfcUlt = --=-=l. A 
3+2 5 

V ... - VB = 12 - 3x 1.2= 12- 3.6=8.4V 

Vc - Vo= 6+2x 1.2=6+ 2.4::: 8,4 V 

Hence Vm - VII = 8,4 V. 

12+6 18 
Case II: --=-=3.6A 

3+2 5 

VA-VB= 12-3.6x3=11-JO.8=1.2V 

Vp- Vc= 6- 3.6x 2 ::: 6- 7.2 = -1.2 V 

Vc- Vn=+1.2V 

~ V",-V,,=l.2V 

3. Temperature coefficients of the material is given by 

R2 -HI a= 

4. 

R1(t2 - II) 

Here a = 1.70 x 1O-4 °C - 1 

II = 27"C,R1 ::: 100 n,and R2= 1170. 

1.70xlO- 4 = 177-100 
100(t2 - 27) 

177 - 100 17 
Or (12-27)= 100 x 1.70 X 10-4 = 1.70x lO-2 ::: lOoo 

f2= lOOO+27=I027"C 

a= .R,.-.Ro. = ~R~"c:-~R~o 
Rot Ro x 273 

::: 20-10 = . I. = . I. oC-lorK-1 
IOx273 273 273 

S. Given that: 

, 4 
r = -mm=2mm = 2xlO-3m 

2 

£= 100m,ll::: lOoe,12= 120"C 

R
" 

::: 00408 n, Rt , = 0.508 n 
i. Temperature coefficient of resistance is given by 

a= Rt , -R1,::: 0.508-0.408 =2.2x JO -3C- 1 

I+at 0,408(120-10) 

ii. We know that, Rt = Ro (I + at l ) , 

or R = ~ = 0.408 = OA08 =0.4 Q 
o l+all 1 +2.2xlO~3xlO 1.022 

iii: Resistivity at 0 "c is given by 

RoA Ro7rr2 
Po= -1-=-1-

O.4x3.14 x (2 x 10-3 r 
= Om=5.02x 1O-8.Qm 

100 
Resistivity at 120"C is given by: 

P20 = Po(i+ ar) 

= 5.02x 10-8 (1 +2.2x 10- 3 X 120)Qm 

= 5.02 x 10-8 X 1.264 Om = 5.34 x 10-8 Om 

6. i. Terminal voltage of the battery is given by, 

V= E-IR 
Here E = 12V,J = 90A,r=5.0x 1O-2n 
.. v= 121-90xS.Ox 10-2 = 12 - 4.5 =7.5 V 

ii. The maximum current can be drawn from the battery by 
short circuiting it. At that time, V= 0, hence 

E lZV 
E-I",r = O or J",= - =-- = A=24mA 

r 500 
Obviously, on short-circuiting, the battery wi ll be 
discharged and willllced recharging. 

iii. During charge, the current flows in the opposite direction, 
i.e., from positive to negative terminal inside the celL 
Hence during the charging, 

V~E+lr or V>E>12V 

This means that the terminal voltage of the battery during 
charging is greater than its e.m.f 12 V. 

7. Given thatE=8.0 V, V= 120 V, 1'=0.5 n, and 

R = IS.S.o. 

Current in the circui t during charging is given by 

1= Tota!voltage =V - E = 120-8 =Il2 
Total resistance R+r 15.5+0.5 16 

=7.0. 

During charging, the current flows inside the battery in a 
direction opposite 10 that during discharge. Hence the 
terminal vol tage of the battery during charging is 

=E+ll'=8+7xO.5= I l .5V 

A series resistor in the charging circuit limits the current 
drawn from the external source. In its absence, the current 
wiB be dangerously high. 

8. Let R;\II = x is equivalent resistance of system between A and 
B. As the resis tance of a conductor is directly proportional to 
length, the equivalent resistance between A I and Bl will be 

::. Therefore, the equivalent circuit becomes as given below 
2 

• in Fig. 5.258. 

c 

, 

L. _ __ ~_---' " 

2, 

Fig. 5.258 

LetAB= 2r, then Ale = CHI ~AAI = BBI = r. 

In the eireuit2rand :: are in parallel between A I and B I , then 
2 
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' . 

their effective resistance is 

2r~ 
R

I
;" __ 2_= 

2r+':: 4r+x 
2 

2ex 

Now RI is in series with AA) and BB J' therefore, their effective 
resistance is 

2" R2 = RI +2r= --+2, 
4r+x 

R2 is in parallel with 2r (of AB), so the net effective resistance 
acrossAB is 

x= 
( 2" 2) --+ , 

R2x2r 4r +x , 

R2 +2r =( 2" 2) 2 --+ r + r 
4r+x 

I 2 ' 2 

3 ' 4 8 2 0 _-_4~,~+_,~6~'::-,+~4~Xc.::3~X~8~'_ 
~ x + rx - r = orx= 

As xcannot be negative 

But 

_ 4r ± .jrI6-,"-+-9-6-,o, 
x= 

a 
.r= - p 

2 

6 

2x3 

(2.fi -2) 
3 ' 

2(.fi - I) a 
x= x-p = O.55ap 

3 2 
9. When a steady state is reached, no current passes through the 

capacitor and therefore, there is no current in the CE branch 
of the network. 
Considering the loopABEFA, 5(11 + 12) = 10 

M /1+~=2 ru 
Considering the loop BeDES, 4/2 = 12 - 10 = 2 

=> /2=O.5A 

I I = 2 -,- 0.5 = 1.5 A 

To find the charge on the capacitor, we must know the 
potential difference across the plates. Consider the closed 
loop CEDCE 

- 12+4/2+3 X(O) - Vc +8 =0 

0< -12+2-Vc+8=0 or Vc=- 2V 

The negative sign indicates that the plate of the capacitor 
nearer to E is negative and the one nearer to Cis ' positive. 
.. charge on the capacitor, 

Q = CV 

=5j.tFx2.0V= lOj.te 

10. In the given circuit of Fig. 5.259 there is no series or parallel 
combination of resistances. Therefore, to calculate its 
equivalent resistance, a battery of voltage V is to be 
connected across terminals A and B. 
If the circuit draws a current I from the battery, its equi valent 
resistance wi!! be equal to R = VII. 
Given that the combination is symmetric about centre C. 

Electric Current and Circuits 5.63 

Therefore, current through various components will be as 
shown in figure. 

A 

(iI-h) 32n E 4n(ll+h) 
D F 

(irI4-i l-i) 

'" '" 
I, 

'" I, 30 '" I, 

I, 
L C G 

I, 

'" 30 " 

'" '" I, '" I, 
(ij-14-i)-i) 

K (h-i4) 4" J 32n(i)-i) H 

s---+-----~+FI------+----~ 
M (l)+h) V (I1 +h) N 

Fig. 5.259 

Applying Kirchhoff's voltage law on mesh DCKLD 

301) -4/4 - 812 + 6/1 = 0 
FormeshDECD, 

32(/2 - /3) - 2(12-/4 -II +/3) - 30/3 = 0 

For mesh KCJK. 

5/4 - 2(12-/4 -/1+ 13) - 4(12 -14) = 0 

For mesh ALKJHGBNMA, 

812+4(12-/4) + 32(11 - /3) + 6/1 - V= 0 

Solving equations (i), (ii), (iii), and (iv) 

v V V V 
11 = 42'/2="21,13 = 84 , /4= 42 

Equivalent resistance, 

R=~ = 14n 
I 

R 

(i) 

(0) 
i:.-~~' 

(iii) 

(iv) 

But the total current drawn by the circuit from battery is equal 
to 

V 
1= -

14 

equivalent resistance, 

R= ~ = 14.Q 
1 

11. Applying KVL in the loop of ABCD 

E I = (I+0.05)R I +IR2 ~ 1=-20A I 

Current through R I = 30 rnA towards right 

Current through R2 = 20 rnA towards left. 

Applying KVL in loop BGEF 

-~. ;~ .. -:> E2 = (I + .. 0.05)100 + (0.05)20:..: ., 
'{<j., .< 

12. The simplified circuit is shown in Fig. 5.260. We ha\le"oo tlllO i. 

,. 
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5.64 Physics for lif-JEE: Electricity and Magnetism 

10 V 4 X(Assumc) 

Fig. 5,260 

Let the 1'" :1 ' i:1 1 of point P be O. Potentia! at other points are 
~hown in -g . .';';'~60 . l\pp ly Kirchoff's current Inw at Xx' 

x~IO 
--~ + 

4 

x -· 10+ : 

__ i_~) + )."-20 + (x-JO) - O 0 
4 2 

20 +x - 20 + 2x-20 ::; 0 

35 
35 _ 20 - 3 25 

6x = 70 => x = -Vl= . =-A 
3' 4 12 

(v-IO)-IO v-Q v-5 
13. + -~+-- =O 

2 2 I 

1'- 20 v 
----+-+v-5=O 

2 2 

v- 20 + v + 2 (v-5) = 0 -= 4v - 20 - 10=0 

30 15 
v= - =-

4 2 

15 15-10 5 
v-5 = --5=--=-

2 2 2 

5/2 5 
i = - =- A 

I 2 

14. "In steady stale, current will flow as shown in the Fig. 5.262. 

1= 6/(10+ 1O) = Q.30A 

P.d. across C 1 is same as that across 10 n on left side. 

So VI = 10/=3 V 

Charge on Cj : ql = C1 VI = 1 x3 =3).le 

A 

IOn I 

J Ion 
C'~=!= J)lF . . 

2" c----- C f---1 B 

6V 
C, 

Fig. 5.262 

We can see that p.d. across C2 is 6 V. 
So charge on C2: q2 ::: C2 V2 = 2 x 6 ::: 12)lC 

15. Voltage across AB ::: V, Voltage across A' B' = ~ 
_ V 
I.e., Voltage across R2 = '2 

Clf~ 
B B-

Fig. 5.263 

Now from Kirchhoff's law it is obvious that voltage across 

V V 
RI = V - - = -

2 2 
When the voltage is halved, current is also halved, i.e., curren 

j R, 1 
in R2 ishalfofthatinR1.SoR1i=R2 "2 ::) R2 ="2 
Now the attenuation produced by the circuit on termination l 
a resistance will not be affected if equivalent resistance f, 

becomes independent of number of sections in the circuit 
This is only possible if the terminating resistance Ro is itselj 
equal to equivalent resistance (Fig. 5.263). The equivalenl 

resistance of Ro and R2 is R' = RoR2 
Ro+R2 

R I is in series with it, so equivalent resistance between A and 

BisR l +R' ::: RI + ~R2 
Ro +R2 

According to proposition Ro = RI + RoR2 
Ro + R2 

- R,[ ( 4R, )] SolvingforRo, we getRo = 2" 1+ l+~ 

Thus the circuit may be terminated after a few sections if 
resistance Ro is connected in para!lel as shown in Fig. 5.263. 

16. a. For t = 0 to t= (2R2 + RI)e, capacitor gets charged from all 
the three resistors. So 

q = CE[I-, I"';")C ].Putt = 12R2 +R1IC 

- CEil . ,] _ CE(e-l) q, - - e_ , 
Now battery is disconnected and the capacitor gets dis
charged through RI after SI is opened and S2 is closed. So 

d 
(2Rl+2R,)C 

f" ...i = - f ..Jt.. 
q, q (2Rl +R,)C 'R IC 

q, CE(, - I) 
::) q2= -= 2 , , -
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'I 'T.~ ~ -.~ ----.< .c::; ,:.,' y 

h Since battery is disc.onnected at this time, so there is no 
curr:ent in R2-

17. The current distribution is indicated in Fig. 5.264 below. 
When the condenser has been fully charged there',will be no 
current in this .branch. ., 

I, 
2000. !V 

I Mk~;w.,--j " =~ 
G ~ 

i ~ '\ - 100. 

,I ,<~ 'i--->c'-.1,------.J 
/ o :~" 1,1 p 
I , ' "' ,,4 Y , I I.e, 

lrig.5.264 

AppJyin,g Kirchhoff'.s law to meshes NLKMN and PNMOP: 
30i

2 
- 20}3"= 1 :., . (i) 

l ru,+W~J 00 
Applying Kirchoff's first law of junction M 

~2+ i3 = i ] ' 

Solving cquatio.ns (0, (i i), and (iii), we get 
i2 = i3 =O.lA;i l =O.2 A 

Considcril}g mesh PBALl', we have 
VAn- 1 = -1Oi[ = -lO x O.2 =- 2 

VAiI=-2+ 1= - IV >\ 
" 

18. For part (a) and (b) 

i-II 
/ 8 

2Q 4V 3'n 
I n " '. , 

D 

A I , 4n ~ 40 

I E 

Fig. 5.265 Ca) 

For BAD: VB + 2(i- ill + l (i - ill -4il = Vo 
:::} 3i - 7i l = - 4 

For BCD: 6i - tOil =4 
:::} i[=3A,i = 17/3A 

i - j ~j, 

~ p 
I, C 

Current inAC = i [ = 3A, InABC= i - i [ = 8/3 A 

To findE: E= 8i l =24 V 

i= Zi3=i[ +i2 

I, B I, 

2Q .In 

In 
, 

30 q 

A 
I, D I, 

4Q - 4n 
ii -i) 

Fig. 5.265 (b) 

q 3' 4· - = I[ + 13 
C 

(iii) 

(i) 

C 

(ii) 

Electric Current and Circuits 5.65 

Also q 3 · 3· 4· -= 12 + 12+ 13 
C 

From equations (ii) and (iii) 

q 3· Z· -= 1[+ I 
C 

From equations 0) and (iii) 

q 3· . 
ZC = 12+ 1 

q q 3(" ') 3' =>-+-= ' 1 + 12+ 1 
C 2C 

i = ..!L :::} 
4C 

, 
---

q 6· 4· => -= 12+ 13 C · , 

=> ~ = 6i 
2C 

:::} 5.92= 16e 4x4xW" => t= 1611s 

(iii) 

19. Let a battery of emf E is applied between the points A and B. 
Let a current [enters through point A. If RAB is equivalent 
resistance between the points A and B, then from Ohm's law 

RABJ=E'. (i) 

The distribution. of currents, keeping in mind symmetry 
condition, is shown in Fig. 5.266. 

H G 

I 
m! I 

, A 1/2 D , , , , I, , 
Ii' 112-/1 , , , 

112/£ 1}12 , , , 
F 

-I, 

I 8 112 c 

Fig.5.ui6 

Let R (= Z Q) be the resistance of each wire. 
Applying Kirchhoff's second law to mesh DGFe, we get 

(~-/I )R+U-Z/I)R +(~ -[ I )R - [IR = 0 

or Z(~ -/[)+U -Z11)-[1 :=0 
2 

Z[-5/ 1 =Oor[1=- ! 
5 

(ij) 

Applying Kirchhoff's second law to external circuitAHEBE', 

I I 
wcget ZR+l[R+ZR= E' 

IR+~[R =E' or 
7 , 
- [R=E 
5 

Comparing (i) and (iii), we gct 

7 7 
RAII = -R= -xZ= Z.4Q 

5 5 

(iii) 
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5.66 Physics for IIT·JEE: Electricity and Magnetism 

20. i. In steady state, no current wi!! flow through the circuit if S 
is opened. So the potential of a will be IS V, and that of b 
will be zero. 

Hence Va-Vb= IS-O=lSV 

ii. Obviously a is at the higher potential. 
iii. When S is closed, fina!ly in steady state, current 1 will 

flow as shown in Fig. 5.267. 

, 
60 
I 

I 
ISV 

Fig. 5.267 

1= ...!!..2A,V,=61=6X2=12V 
6+3 . 

Vb= IS-VI=IS-12=6V 

iv. ql = CI VI = 6 x 12 = nllC, 

VI + V2 = IS => V~ =6V, q2= C2V2= 3 x 6= IS !-I.C 

Before closing S, the potential on each capacitor is IS V 
and charge: qlO = 6 x IS = lOSIlC, 

qzo= 3x IS=54IlC 

Change in charge; ql - qlO = - 36 IlC and 

q2 - q20=-3.6IlC 

21. Due to sources, currents flow through resistance RI, R2, and 
R) and capacitor gets charged. Due to charge, an electric field 
is established in the capacitor whose magnitude cannot 
exceed di ~ electric strength Eo of air. Maximum safe value of 
V corresponds to the maximum possible charge on capacitor. 
Let t~e maximum possible charge on capacitor be qo' 
Then the electric fie ld inside the capacitor, 

E=~ 
o A£ , 0 

eoA 
qo = A t'o Eo = 15,000, EoC and C= - = 5eo Farad , d 

Since, in steady state no current flows through the capacitor, 
therefore, current through various parts of the circuit will be 
as shown in Fig. 5.26S. 

", 
" 

J 

v 
"---- -0- .; 

Fig. 5.268 

, 
• 

Now analysing the circuit ina steady" state. 
First applying Kirchhoff's voltage law on meshA8JA, 

-1~1.+V+R2(l1-12)";O => 2l1 -512 = -V 

For\meshAJDFGA: 

-RNI - 12) = -R311 + V=O 

=> 3/1 - 2/2 = V 

From equations (i) and (ii): 11 = 7V and 12 = ~ 
II II 

Now applying Kirchhoff's voltage law on mesh BDJB: ' 

q 4CV 20 c+ 11R3 -V = 0 => q= - ,,- = 11 eoV 

But maximum possible value ofq is qo = 15,000 eo 
.. maximum safe value of 

V= llqo =8250V=S.25kV 
20 eo 

22. Since, in steady state no current flows through the capacitors, 
therefore, the current through 1 n resistor becomes zero. 
Current through resis tors and charge on capaci,tors will be as 
shown in Fig. 5.269. 

~C~ __________ -,N 

I 

M 

Fig. 5.269 

Applying KVL on meshMACDA 

2/+31+31+2/-10=0 => 1= I A 

+ ' 

" 

q, 
MeshMABM:IO-2/-

2xlO
_6 =0 => ql= 16 1lC 

MeshMBDM: - 2X
q:O-6 2/=0 => Q2= - 4I1C 

MeshMDCNM:21+3/- (lX~~-6) => q3=511C 

, 
Energy stored in capacitors, U = L ;C 

, , , 
= ql + . q2 + q3 

2x(2xlO-li) 2x(2xlO-6) 2x~lxlO-6) 
= 80.5 X 10-6 J 

Rate of supply of energy be battery is P = EI 
=lOx l =lOW 

23. qo = CE, Qol2 = qae-I, IRC => 'I = RC In2 

3'10 '4 I

J Now f -..!!!L = ....:!!...-
'10 '2 CE-q 03RC 

=> 12 = 3RC In2 

From here we get: I I il2 = 113 
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24. In the steady state. no current passes through upper three 
12 

resistors. So 1 = I 0 ~ 30 = 0.3 A 

C D 
600 

3O.~. 

200 

A !--+;-WlNr- -+o 
I 30n 

K I 

100. 12V 

Fig. 5.270 

Potential difference between A and B: 

V= 30x0.3 = 9V 

Now in 100pACDBA: .!L +.!L = 9 
~[ C2 

.!L+:L =9 => ' q = 60IlC 
20 10 

a. Potential difference across C[ : V[ = .!L = 60 = 3 V 
C[ 20 

Potential difference across C2 : V2 = .!L = 60 = 6 V 
C2 10 

b. After K is opened, 12 V will be out of circuit. capacitors 
will act as batteries as shown in Fig. 5.271. 

Fig. 5.271 

Now onc can find, I[ = 0.375 A 

E 
25. R.q = I 

R I I ,- , 

A----;- ,. _ 0 

I, 

, ~ 
r I - / ) +h 

E 

Fig. 5.272 

E = rl[ + RU[ -1-;) => E= (r + R) I[ -RI2 

rl[ + rl2 =R (1 - [ 1) => (r+ P)I[ + rI2 =RI 

(I) 

(2) 

Electric Current and Circuits 5.Ci7 

r[2 + r(1-I[ + 12) =R (11-/2) 

=> (r+R)I[-(R+2r)12=r[ 

(R-,·)I 
2- 3 => (3r+ R) 12 = (R - r) 1 => 12 = ':;---,-;;-

3r+R . 
Put the above value in equation (2) hence, we get: 

'(R - ,) 
(r+R)Ij + I=RI 

3r+R 

• (3) 

=> I - (R + r) [ (after slillplification) 
[- 3'r+R 

Put I[ and 12 in equation (1) 

E (R +e)' 
R = - = ';;-----;;

oq 1 3r+R 

, Objective Type 

E 
1.c.V=E- -

R+e 

E 
or V= E---R 

R+R 

E 
V= E--

2 

E 
or V =-

2 

12 
2. c.2 = -R-- 0' 

-+ 0.6 
3 

R "3 = 5.4 or R= 16.2Q 

3. a. The equivalent resistance of resistors: 

. 4 15 
R= 2+-+ -= 9Q 

2 3 

E to 
1= - - =-- =IA 

r+R 1+9 

4. d. VA. + 3-3- 18 = Vnor VA. -BB= 18 V 

r(r+3R} 

3r+R 

5. c. The resistance of the square X is given byz 

L p 
Rx =PU=1" 

where p is the resistivity on the metal. 

Similarly, for Ry , 

2L P 
R y = p-- = - same as before. 

(2L)1 t 

R 
Hence, ---.K.. = 1 

R, 
6. d. e.m.f= 6 V; Total resistance = 6 Q 

6 
I=-A=IA 

6 

.') .(1 

For the direction of current, look at the direction of e.m.f of. 
cell of lOY. 

, .. , 
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5.68 Physics for iiT-JH: Electricity and Magnetism 

7. b. In series combination, 
I is constant. 

v~ R 

VAB 4 
-=-
VeA 1 

8. c. Charge = are under the current -lime graph 
QI=2x l= 2,Q2=lx2 =2 

and 
[ 

q;;= - x2><2=2 
2 

ql : q2: q3 =2: 2: 2 = 1 : 1 : 1 

9.c.E=4V 
Totalresistance=(l +0.9+ 1.9) 0=3.80 

Now, I="'±-A 
3.8 

Again, terminal potential difference across A 

4 
== 2--xI.9=2-2=0 

3.8 

10. b. Current I through the resistors is 

3-(-15) 
1= 200 +1000mA=0.0 15mA 

Potential al X is thus 

Vx= 3- (200 x 103) (0.0.15 x 10-3)=0 

I 

The equivalent of the above network is a~ under: 
The equivalelJ,t -of the above .network is a parallel 
combination of 3 n, 4 il, and 6 n 

1 1 1 1 -:: -+-+ -
R 3 4 6 

8+6+4 
-= 
R 24 

14. b. For loop (I ) 

2 +2- 41=0 

4/, = 4.or/l = .IA 

I, 2V 

II + 12 

A 

2V 
I, 

2V 

Forloop (2) I . 
-..2 ...,,2:,+.4/2 == 0 

or 

'q 

~ 

P.. 
0 

I, 

B 
h t h 

I, 

I, 

S"o;-the current framA to B i~ 2 A. 
15. a. The'current density at P i~ higher than at Q. For the same 

current flowing through tJ)e metallic. conductor PQ; the 
cross sectionararea at P is n~owe~than at Q. The resist4~e 
per unit length r is given by / :".0li0,' 

11. d. Resistance is the gradient of V-I graph. If the resistAnce . ~ ........ 
decreases with the temperature rise (which occuf!..Whe~. _ .... <_. r= p..!.. 
voltage is increased), the graph becomes less Sleep in the:;::'--- A 
I-axis. 

12. b. The current I through the resistance wire XYis the same. 
Since the wire is uniform, its cross-sectional area A is 
constant throughout its length. Hence, the current density is 

J = 1-
A 

which is uniform through the wirelY. 
13. a. The equivalent of the network)s given il) Fig. 5.273. 

. . 30 

80 40 

20 6 0 

60 

0 ~ I 0 

'0 
Fig. 5.273 

where pis the resistivity al\'dA is the cross-sectional area of 
the conductor PQ. 
Thus, r is inversely proport,ional to the cross-sectional area 
A of the conductor. . 

16. c. The number density n pf conduction 'eleclrons in the 
copper is a characteristic of the copper and is about 1029 at 
room temperature for both: the copper rod X and the thin 
copper wire Y. , 
Both X and Y carry the sam~ current I since they are joined 
in series. 

From 1= nAvq 

where q is the electron charse of 1.6 x LO-19C, II is the drift 
velocity in the conductor and A is the cross-sectional area of 
the conductor. 
We may conclude that rod X has a lower drift velocity of 
electrons compared to wire jY since rod X has larger cross
sectional area. This is so beqause the electrons in X collide 
more often with one anotheqand with the copper ions when 
drifting towards the positiye end. Thus, the mean time 
between collisions of the e1eFtrons is more in X than in Y. 

[ 
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17. a.Foragivenwire,R= pL , 
with L x s = volume = V = constant 

pL 
So that, R= -, 

l>R OL 
Ii= 21:""=2(0.1%) 

= 0.2% increase 

18. d 
pi pel pel pP 

= -=-= - -
A At V mId 

pe ptl pP pel 
R=-=-=-=-

A Ai V mId 

pdP e2 

-- or, Ra-
m m 

£2£Z£22591 
R 'R 'R - --1.,._, ._3 - -' - '-l' 2']- . . - .. 

mltn2~ 135 

=125:15 :1 
19. d. When a steady current flows in a metallic conductor of 

non uniform cross-section then the drift speed is V" = _1_ 
n,A 

and electric field 

E= _1_ => 
aA 

1 1 
Vd ",,- and Eoc-

A A 

~ Only current remain constant. 
20. c. The potential difference between the pointP and the earth 

(E I ) is 15 V. Asthe current through 5 n resistance is 2 A, 
therefore, potential difference between Q and 
E2 = 5 x 2 = 10 V. Hence the total potential difference between 
PandQ=5V. 

21. c. If an identical battery is connected in opposition, net 
emf = E - E = and the current through circuit will be zero, 
although each one of them has constant emf. 

22. b. If we move from P to B, potential will decrease. From B 
to N, there is no change in the potential difference. From Nto 
M potential will increase, but increase in potential will be E-
[r«E). . 

P 

11 C 
>-+ , 

II • • 
M N 

E., 
Fig. 5.275 

FinaUy we return to the same potential at P. 

23. a. 9 nand 3 n are in parallel. Their equivalent is 

9x3 9 
9+3= "4 n 

Electric Current and Circuits 5.69 

Now 18 n, 3 n, 6 n, and ~ n are in parallel. Their equivalent 

will be 1 n. This will be in series with 4/5 n. 

4 9 E 18 
SonetR =1+-=-n [=-=-=10n. 

, "'I 5 5' R 9/5 «, 
Resistances near C and D will have no current in them. 

24. c. Both the length' and the cross-sectional area are doubled. 
So, resistance remains unaffected. 

25. d. Since current is rate of flow of charge in the direction in 
which positive charge will move, then 
current due to the electron wi [] be 

i~ = "eq. = 3 X 1018 x 1.6 X 10- 19 = 0.48 A , 
(Opposite to the motion of e lectrons, i c .• right to left) 

= 0.32 A (Right to left) 

total l=i~+il' 

= 0.48 + 0.32 = 0.80 A (Right to left) 

26. a. The current in 2 n resistor will be zero because it is not a 
part of any closed loop. 

27. a. New length is 21. if the original length is t. Clearly, the 

new cross-sectional area is %. if a is .he initial cross

sectional area. This is because the volume of the wire has to 
remain constant. 

Now, 
, 21 

R = p-=4R 
912 

Increase in resistance = 4R - R = 3R 

Percentage increase in resistance = 3R x tOO = 300 
R 

S=IIP, 

For the minimum value of II, RI =R2· 

.. (2RI)2 = IIR I
2 or n=4 

29. b. !J.. = Rz, !J.. = p~ x~ 
12 RI 12 A2 pi., 

0< 

= ~~: =%oy =% x~ =~ . 
30. b. According to Kirchhoff's first law, a junction can act 

neither as source of charge nor as sin k or charge. This 
supports law conservation of charges. According· to 
Kirchhoff'~ second taw, the energy per unit. charge 
transferred to the moving charges is equal to the eliergy per 
unit .charge transferred from them. This supports law of 
conservation of energy. 
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5.70 Physics for IIT-JEE: Electricity and Magnetism 

31. d. UsingR,=R,,(1 +at) twice, we get 

100= R"O +ax 1(0) 

aod 

Dividing 

. Note: 

200 = R,,(1+axt) 

l+aXl 
2 = :-1 +'-'-'acc.x '::] 0"'0 

2+200a= 1 +at 

1= a(t-200) 

"'-200= .!.=_1_= 200 
a 0.005 

Strictly speaking, we shQuld use tile following formula. 
, " R - R' ,al ! . ' ..• ,'\ t~,,~, .\0) 

,- 0 .. 

Ho~ver, if we read the mind of lhe ex~miner from the 
gi~e~ aptiolls, we/ind that we need no/ use Ihis/orm"Ula. 

or nd"" --, 
J1T 

:b. d. We know that resistivity poe .!., where 1: is the relaxation . , 
time. On increasing temperature, .. deceases so resistivity or 

.resistance increases. 
34. b. [ ::: Avne. No. of free electrons per unit length ::: 1 xA x n. 

Momentum of each free electron::: mv. 

:, momentum per unit length::: Anmv =.!. m , 
/ / 

= --= 

35. d,l=neAvd 

(elm) s 

/ 
so as A increases v d decreases 

A 

36. c. With each rotation, charge Q crosses any fixed Point P 
near the ring. Number of rotations per second =: 0)12ff 

:. charge crossing P per second = current = QO) 
2/, 

37. b. LeI the edges be 2f, a, and I, in decreasing order. 

21 2p 
R", .... = P af =-;; 

I P 
Rllli,,= P 21a =--; 

£ 
38. b. Current in the circuit = i = - 

R + , 

p.d. across cell = p.d. across R = iR ::: ~ 
R+, 

Set,up two equations with the given datu and solve for £, r. 

39 .. !>. F9r series connection, 

N£ £ 
I"w:= - =-c 

N, , \ 

For parallel connection, 

£ N£ 
1m:JX= (rln) ::: r 

40. a. Current in circuit 

. n£ £ 
1= - = ~ n, , 

A~~ 
Fig. 5.276 

The equivalent circuit of one cell is shown in the Fig. 5 .27~ 

£ 
The p.d across the cell is Vi\ - VB =-£+ jr= - £+ - . r= 0 , 

41. a. See the Fig. 5.277 

Fig. 5.277 

j ::: "(nc.- ,,,,2)cc£ 
n, 

VB-Vi\=-ir+£ 

= ~ _ (n-2)£ r=£[I- n-2 ] = 2£ 
nr n II 

42. c. For the cell A, the current i flows opposite to the direction 
of its emf. 

(n-2)£ [n-2] p.d= £+ir=£+--- r = £ 1+--
n, n 

43. b. For resistors in series connection, current (I) is the same 
through the resistors. In other words, ratio of the voltage 
drop across each resistor with its resistance is the same. 
That is 

i.e., 

44. h 

0' 

1= 5_3 =~=2 
R[ R2 R3 

R[:R2:R3=2:1:2. 

4x6 0= 24 0 =2.4.0. 
4+6 10 

1 1 1 = ~ +-+ 

R 468 468 

12+8+6 
= 

R468 48 

48 24 . 
- .0.=-.0.=1.850 
26 " 13 

In series combination, / is constant. So, V is more for higher 
resistance. 

45. c. The lower limit is zero volt CO V) when X is at the lower end 
of the 4 kQ resistor. 
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The upper limit is the potential difference across the 4 kO 
resistor when X is at the upper end of the 4 kQ resi1>tor. That is 

,= ( 25 )4K =: (25)4=20V 
I K +4K 5 

Thus, the limits are 0 and 20 V. 
46. c. Notice the polarities of the batteries. The batteries will 

cancel each other and fina!ly there will be no current 
anywhere in the circuit. 

47. b. By symmetry, we see that the current in left and right 
arms should be same. It means no current should flow from 
AtoB. 

20R 

48.3. 20+r = 20 or 20R =10 
5 iO 20+R 

or 20R = 200+lOR 

or IOR=ZOOorR=20n 

49. d. The potential difference across R2 and R) is the same 
which is given by 
Potential difference = Ri2 = R313 
::::} 12//3 = R]IR) 

Sum of the current 12 and 13 is II' 

So. 

SO. a. 

B D 

Fig. 5.278 

Potential difference across C andD = 100 V 

Hence 

Aod 

100 
/ = - =I A 

I 100 ' 

V ... c = 120- 100= 20V 

20 
1= - = 2A 10 • 

Hence 12 = 2 - 1=lA 

R= l 00x I = loon 

51. b. Applyingjunction rule to 0 

-/1-/2 - /)=0 => 11+12 +1) = 0 (i) 

Now if Vo is the potential at point 0 then by Ohm's law for 
resistances R I , R2, and R3, respectively, 

we have, 

(Vo - VI) = IIRI' (Vo - V2) = IzR2 

(Vo - V3) = I)R3 

1= (Vo - VI)'I = (VO- V2). 
R '2 R ' , , 

Electric Current and Circuits 5.71 

/
_ (Vo-V). ,- . 

R, 
aod 

SO substituting these values of II' 12, and 13 in equation 0), 
we get 

[
V, V, V,][ I 1 Il~' 

Vo= R;+R
2

+R
3 

R
I
+R

2
+R

3 
52. b. Let resistor to be connected across CD is x. Then the 

equivalent resistance across EF should be x and also across 

(2R + x)R 
AB should be x. So we get 3 = x 

R + x 

Fig. 5.279 

Solve to get x = .J3-ln 

53. b. Let R be the resistance of wire Let R' be the resistance of 

. (3V') 
wire Energy released in 1 second = -- x t 

R 
=> R' ::: 2R ( .,' Length is twice) 

. (NV') 
:. Energy released in (-seconds = - - x t 

2R 
But Q= mcD.T 

(N'V') 
Q' = Xl 

2R 
Applying Q' =m'ct.T 

(N'V') 
2mcD.T= Xl 

2R 

(9V') 
:.mcD.T= - -xt 

R 

Dividing equation (ii) by equation (i) 

mct.T 9y 2 Xt/ R 

2mcD.T ::: N 2y2 (/2R 
9x2 

- =.. 
N' 2 

(i) 

(ii) 

54. a. The circuit is symmetrical about the axis POQ. Therefore, 
the equivalent circuit is drawn 

I I 1 I -- : - +-+ 
RI'Q 4R 4R 2r 

2R, 
RI'Q = - -

R+, 
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5.72 Physics for IIT·JEE: Electricity and Magnetism 

55. c. The bridge is balanced and the current in the ADC is larger 
than in the part ABC Also 13 = O. 

56. b. The p.d. across AD is less than that across AB. So, the 
potential of D is higher than that of B. 

V 2 
57. b.r= - =-=0.40. 

1 5 
when i = 0, the potential reading is 2 V. Hence emf = 2 V 

58. d. The voltage across the capacitor is 

V';' q= l xlO-
5 

=lOV 
.C 1 x 10..(; 

Thus, the current flowing through the resistor after the 
switch is closed wi!! be 

V 10 
1= -=-A=IA 

R 10 
59. c. Method I: In this method there wi!! be no currcnt flowing in 

branch BE in a steady condition. Letl be the current flowing 
in the 100pABCDEFA Applying Kirchoff's law in the loop 
moving in anticlockwise direction starting from C. + 2V -
1(2R) -I (R)- V=O V = 31R='I 1 = VI3R (I) 
Applying Kirchoff's law in the circuit ABEFA we get on 
moving in anticlockwise direction starting from 
B + V + V,,,,p - IR - V = 0 where V~"P is the p.d. across 

capacitor 

V = IR= (~lXR=~ 
~ap 3R 3 

Method II: Let us consider A to be at av. Then point n, C, 
andD will be at V, V, and 2V volt, respectively. Let the current 
be flowing in clockwise direction. Applying Kirchoff's law 
in the outer loop we get V-IR-/(2R)-2V =O :.1=- V/3R. 
The minus sign here indicates that the CUffent is in the 
opposite direction to what we have assumcd. Applying 
Kirchoff's law from A to E via B we get VA + V + IR = VE 

V 4V 
O+V+ - xR=VE=-

3R 3 
Again applying Kirchoff's law from A to E via C, we get 

V" + V+ V""I! = V~ 

V 
Veal'= "3 

60. c. In the steady state conduction, no current will flow 
through the capacitor C. 
Current in the outer circuit, 

tl: R 

• II---A C J _ 0 I 

2R 2V 

Fig. 5.280 

2V - V V 
1= - --= 

2R + R 3R 

Potential difference between A and n. 

V,, - V+V+IR=VB 

Vo- VA =IR= (:R)R = f 
Note: 

In this problem, cllargistored in the capacito/ca~ also . " ~:". .. 
be asked, which is equal to q = c. !.. with positive charge 

. 3 . 
on B side and negative on A side becau.se '!'B;' VA' 

61. h. Timeconstant=RC=Rxoo=oo 
62. c. Time constant = RC. So, if either R or C is doubled, time 

will be doubled. 
63. c. In the ease of discharging 1 = loe- tlRe 

or2.5x 10-6 = !lsLe-tIIlC 

RC 
or2.5 x 10-6 = 5 X 10-6 e-I/IO or c tllO = 2 

Taking log on both sides, we get 

I 
- = log2 or t=IOlog2=6.9s7s 
10 

, q2 c-2tlRC 

64.a. ic= 0 2C =uoe-2=:~ 
65. h. At t = 0, the capacitor bchaves as a short circuit. The 

corresponding circuit is shown in Fig. 5.281. 
According to the loop rule, 

10 

E~F¥] 
30 

Fig. 5.281 

12-3/= 0 :.1=4A 

66. c. During charging, TI = RC 
During discharging, T2 = 2RC 

ratio= 1] =..!. =1:2 
T, 2 

67. d. At I = 0, the potential difference across the top 2)lF 
capacitor = 0 

1=!Q =5 A 
2 

68. d. In the steady state, no current is flowing through 
capacitors. According to the loop rule, 

.. qo - q -.!!.... =O 
C1 C2 

Fig. 5.282 
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0' 

HereC; ::: 6 )IF, C2 = 3)lF and Vo= 10 V 

18 
~ q=!Ox -= 20IlC 

9 
5r . !o 

69. d.R= - +2r=4.5r=450, 1= - A 
2 45 

70. a. In steady state, the current through capacitor branch is 
zero. So, capacitor branch may be removed. 

1"0 x3ro 3 
---= -1"0 
1"0 +3ro 4 

R~q ::: 

'·'B'·'c. ,., 
A B ,., 

"0'·' " 
A Ii 

'·0 

Fig. 5,283 

71. a. In the steady state, no current is flowing through the 
capacitor branch, so the capucitor branches may be removed 
from the circuit, the cguivulent circuit is shown in Fig. 5.284. 

72. d 

A 

Fig. 5.284 

RAB = RI +R2=r+r=2r 

I 2 I 2 
Uinilial::: -CE ; VI"" =-CE 

q .q 

Vi"ili.1 =: I: 1 
VI .. 1 

73. a. VA - VB::: c.m.f of the cell ::: 2V 

u= .!.CV2=.!. X 2 xJQ-6 X 22 
2 2 

=4xlO-6J 

B 

74. a. The resistance in the mid~Je plays n~ parI in the 
charging process of C, as it does not alter either the 
potential difference across the RC combination or the 
current through it. 

Electrk Current and Circuits 5.73 

75. b. C discharges through R + R in series. 
76. c. Q ::: Qoe~IIT and potential differcnce across C is 

proportional to Q. For the p.d. to fall by 10% Q lllust fall by 
10%. 

Q=0.9Qo=Qoe-'l r 

or e
,lr

= I~ or ~ = lnC~) 
77. b.Q = O.(Qo=Qoe- llr 

or e'lf=1O or tl-r=lnI0=2.303 

78. c. 

79. h 

80. h 

Q= Qo{l - [II~ 

e llff =; 0.9 or i'T= 10/9. 

Q= Qo{l-e- tll)=O.9Qo 

e-llf:::O.1 or etlT=IO. 

Q= Qoe-
II '= Qo/'7 

I I I t or e-I f = - or e
l 

T = '7 or _ = In ". , . 
!H. ll. Thc current in the circuit I = (12112) = I A. 

Potentialacrossdande= 12V-3x I V:::9V 
Capacitance across d and e is 

~ ; 

I x2 2 
C= -=~ llF 

1+2 3 

chargc on either capacitor is 6 ].lc. 
82. d. No current wi]! flow in the branch containing capacitor. 

Hence no energy stored on the capacitor. 

83. c. 

0' 

0' 

I _ = e- IIRC or 
2 

I=RCln2 

10 _ I - 1!He -- oC! 
2 

I 
l n2= -

HC 

10-6 x ln4 = (2 + r) x 0.5 x 10-(, In 2 

2ln2=(2+ r) x 0.5 x tll2 

4=2+1' 

1"=4-2=2.0. 

84 " HMo I _ ~ -IIIIC I _ ~ ,-II2I1C ......... " [- e '2- e 
R R 

I[ -1121IC-IIRC -II2I1C I I; = e = e ::: e'llllC 

From this expression, it is clcar that. when I increases ratio 
decreases. 

85. d. Uncharged capacitor behaves as a short circuit just after 
closing the switch. But clwrged capacitor behaves as the 

battery of c.mJ qo just aftcr closing thc switch. (Fig. 5.285) 
C, 

V 

2R 
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5.74 Physics for IIT-JEE: Electricity and Magnetism 

R 

1 Q. 

vww. 

1 
1 c, J "WV'M 

R 

Fig. 5.285 

86. c. The distribution of current is shown in Fig. 5.286. 
According to the loop ru le, 

2.5-0.5/ - 2/=0 

20 

I 

L.R 0.50 
A I + qOIlCq~.-'M'M---18 

2.5V 

I 

Fig. 5.286 

1= IA 

87. c. Sfe'p ~ I: When the switch is at position 1: Since circuit is 
in steady state, so the current through circuit is zero. 

, cj 
, .. 

E. 

Fig. 5.287 

Accotdill-g to the loOp rule 

Eo - qo~O 
Co 

Step-II: When the switch is~t position 2: In this case, the 
total energy stor~.on the capacitor appears as heat energy 
in the resistor. 

Bot 

Fig. 5.288 

I:J.H = 12RT :.I:J.HocR 

I:J.H I Rl ro I ------""-'-= - =-= -
Ml2 R2 2ro 2 

I:J.H2= 21:J.HI 
I:J.H ::: I:J.H1 +I1H2 

MI, 3 
= -2- + Ml2 = 2M12 

3 2 I 2 I 2 
!:J.H2 = -MI = - x - CoEo = - CoEo 

2 3 2 3 
88. c. When switch KI is open and K2 is closed. Then, total 

energy stored on ~apacitor appears as heat in resistor. SO 

I:J.H= q5 = (30xlO---6}2 =O.l5xlO-3J=0.15mJ 
2C 2x3xlO---6 

89. b. In the steady state, no current is passing through 
capacitor. Let the charg~ on each capacitor be q. 
Since the current through galvanometer is zero. 

8 

c, c, 

D 

Fig. 5.289 

The potential difference between ends of galvanometer wjll 
be zero. 

.. ViI-VB= ViI - VD 

IIR I::: !L.. 0) 
C, 

Similarly, VB- Vc= VD- Vc 

12R2 = .!L.. 
C, 

Dividing equation (i) by equation (ii), we get 

EL 
flRI = _C_, = _C_, 
12R2 !L C1 

C, 

C1 R2 
-=-
C2 RI 

(ii) 

90. b. As the capacitors are identical, each of them finally have 
charge Q12. , 
Initial energy of the system = E; = ~C 
Final energy of the system 

=E =Z[(QIZ)']= Q' 
1 2C 4C 

Hcat produced ::: loss in energy 

Q' 
=E; - EJ = 4, 
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91. c. A fully charged capacitor draws no current. If the 
capacitor is removed from the circuit, we can distribute the 
current and find the potential differcnce across each 
resistance. 

92. d.j=..!.. = nqv 
A 

where V is the drift velocity of charge carriers each with 
charge q. 

93. b. Since the resistivity of a current carrying conductor 
carrying charge carriers each of charge q, mass is given by 

m mCY m 
<= niB = ng2 p= nl-r 

where n is number density of charge carriers and -r is the 
average relaxation time. 

t dR 
94. c. a(n = --

R"aT 

2 I dR => (3T +2T)=-
R"aT 

=> dR = Ro (3T2 + 2n dT 

~ 1 dR = RO [3fT'aT + 2fTdT] 
~ 0 0 

=> R=Ro[I+T2+T3j 

dp 
F=-=p 

dt 
95. c. F= 

Momentum of each charge carrier moving with a drift 
velocity v is my. 
Total number of charge carriers in the sample is N = n(Ae). 
where n is number of charge carriers per unit volume andA 
is area of cross-section of the conductor .. 
Total momentum = p = N(mv) = nA emv 

I 
Further we have v = -

neA 

Since 

p = nAem(_I_J 
neA 

F= dp 
dt 

F= if 
S 

F - = -£ , 

[': s = specific charge = ~ 1 
m 

96, b. Let 
x 

x. Y. and be the dimensions of the block 
3 

97. c. 

E\et:tric Current and Circuits 5.15 

R 

. {---::' !f. 
AR B 

"4 
Fig. 5.290 

3R 3(16) 
RAn = -= - -= 3Q 

16 16 
98. c. When each elemcnt of circuit: i~ multiplied by a factor k 

then equivalent resistance also blicomes k times. 
Let the equivalent resistance betw.een A and B bex. 

. R ) kR) klR\ 

: Iff::: 
I ~ ~ I x 

Fig. 5.291' 

So the cquivalent circeit becomes , 

Fig. 5.292 . 

kX 

(R1'- 'Rz ) +~Rt + if + 6l?1 l?2 
=> x = ... . . 

R 

4R --, 

A 

R 

8 

> : 2 

R 

4R --, 

Fig. 5.293 ' 

" '" .•. .. 

7 
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5.76 Physics for IIT-JEE: Electricity and Magnetism 

100. c. Since net rcsistance is to be found between A andB. So let 
a current 1 enter at A lind then exist at h. 

I 
When 1 enters at A then by symmetry current '6 must flow 

in the branch AB from A to B for current I to exist from B, 

a current ~ must flow in the branch AB from A to B. 

Superimposing thc two, weconc1udc thatll current (~+~) 
must now in the branch AB from A to B. 
According to Thevenin 's theorem wc have 

( ' ') II~ 1101~IR~,,=VM/= 6"+"6 RO=:3 

IRo 'i 

IR~,,::: 3 :::::> 

101. ;I. 7 nand 3 n nrc in parallel; 6 nand 4 n arc in parallel 
and both in series. 

So 
7x3 4x6 

R = --+-
eq 7+3 4+6 

:::::> R~q=2.!+2.4:::::> R~q=4.5n 

102. d. At junction E or F: 

11+/)+/4=/2-/3:::::> 11-/2+2/3+/4 =0 

Loop AFBA or loop ECDE 

r11=r/2+RI):::::> 11=/2+13 

B F I, C 

" I, . 

A 
I, E 12 ~ 13 

D 
M 

I 
V 

Fig. 5.294 

LoopBEF8 or loop EDFE 

r(/2-/J) + r14 = rlJ 

=> 12 - 2/3+ 14=0 

LoopAFDCMA or ABECMA 

V= r11 +r(/2 - /3) +1"/2 

=> V= r11 +2r/2-r13 

Solve to get: 

II::: 2V/51", 12::: VI3r 

V V V 
R = - = --= = 

e'l I 11+/2 2V/5r+V/3r 

lSI" 
-

II 

103. b.q;:+q,,=qo= lOJ.le => Qd=7J.1C 

104. d. Equivalent resistance betwcenA and E: 

x+1 
y= --

x+2 

10 
10 

Fig. 5.295 

For B nnd E to be equipotent 

10 

RAE R lie x+1 I - x 
- = -- => = 
RAB RBC (x+2)xl 

Solvc to get: x =.fi - I n 
CE I-x '" 

Now -= - -='1/20 
ED x 

105. d, There are eight batteries. 
Let current in the circuit is I, 

Thcn 1= ~=25A 
8xO.2 

p.d. across voltmeter = E - II" 
=5-25xO.2=0 

Multiple (orrect 
Answers Type 

1. a.,b.,d. 
Let V = potential at D 

70-D= IOi1• 

V-O=20i2 

V-IO=30(il-iz) 

Solve for ii' i2• nnd V. 

. i2 
" V (70 V) , wo D 

300 

B (OY) 

200 

'!, C(IOV) 

Fig. 5.296 

2. ;I., b.,d. 
As C and D arc joined, they must be at thc same potential, 
and may be trcntcd as thc same point. This gives the 
equivalent resistance ns 8 n. If we distribute current in the 
network, using symmetry. 
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A 

200 50 

C 

D 

50 20a 

20(1 c Hl: 

/-2; 

1·/ 

HI: D 200 

Fig. 5.297 

V/I.-VD = VA-Vc 
or 20i = 5(/-0 
or i=//5 

B 

B 

21 31 . 
/_ 2i = /- - = - = current flowing from D tc.C 

5 5 
3. a.,d •. 

The last three resistors 2 n, 4 Q, and 2 Q are in series having 
equivalent resistance 2 + 4 + 2 = 8 n. This will be in series 
with the 8 Q next to them. So their equivalent resistance 
becomes 4 n. In this way net equivalent resistance of the 
circuit becomes Req = 9 n. This will be in series with 
r = 1 n. So current through 3 Q is 

J = e/(R+ r) = 10/(9+ 1) = 1 A. 

Further, current will get divided at C and E into half at each 
point. So finally current reaching in 4 Q will be 0.25 A. 

4. a,d. 

A • 
A 

c 

B 
B 

D 

Fig. 5.298 

Re-arrangement of the circuit as shown in Fig. 5.298 gives a 
balanced wheatstone bridge, and no current flows through 
the 5 Q resistor. It can thus the removed from the circuit. 

5. a.,b.,c. 
Potential difference across resistance 
= Potential difference across the terminals ofthe batlery. 

So V=E-Ir 
This is an equation of a straight line. Comparing this with 
the given graph, we can see that E = lOY and r = 5 Q. 

Also 
E 10 

1 = -=-=2A Ill'''' r 5 
When external resistance R = O. 

Electric Current a nd Circuits 15.77 

6. a.,d. 
2 Q and 2 Q arc in series. 2 Q and 4 Q are in series then their 
resultant are in parallel. Producing net resistance R = 2.4 Q 

2Q P 2Q ' 

I, 20V.1.6Q 

A B 
I 

I, 20 4Q 

Fig. 5.299 

1= ~= 20 =5A 
I'+R 1.6+2.4 

11+/2=5A 

v,.w=4/1=6/2 => 2/[=3/2 
From equations (i) and Oil, 11 = 3A, 12 = 2A 

VA -, V/,= 6V, VA- VQ =2/2=4V 

Thus, VQ - Vp=2V 

7. a.,b.,d. 
We know that the equivalent internal resistance is , 

R~'I= 
L-' 

=> Re" = -c-, - -,:--.,C" 
- + - + 
R[ R2 R3 R 

R1R2 R3 
o -;;-;;-~"?---~ 

R1R2 + R2R) + R3Rl 

and equivalent e.m.f: 

Pot 

8. b.,c.,d. 

(i) 

(ii) 

7 Q resistor is short-circuited, so no current will flow 
through it. Potential difference across each of 3 Q and 6 Q 
is 12 V, so we can find current in them. 

9. a.,c.,d. 

10. a.,c.,d. 

dQ 
/0 - l/-2bf 

d, 
1= 0 for f ::: «(lI2b) and (dJld!) = - 2b 

For Loop CEFD: - 2(1-/ 1) + III + 9 = 0 

;::} 3/[-21= - 9 

A~g)l~rli 
I _ II 2U 

Fig. 5.300 

(i) 
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5.78 Physics for IIT-JEE: Electricity and Mag'neti sm 

(rom A to B via CD: 

11. c.,d. 

VA -4/-9 +3- 111- 11 -3/= VB 

VA -VB= l6V,so 

8/+/1 = 10 

11=-2A,I=1.5A 

1- /1= 1.5+2= 3.5A 

Vc -9-1/1= VD => Vc- VD=7V 

(n) 

Note that the points a, h, g, and f have same potential. They 
are connected by conducting wires without any circuit 
elements between them. Similarly, points b, c, d, and e have 
the same potential. Hence the potential drop across branch e 
andJ, and a and b is same. The two resistors (6 nand 4 n in 
series) are directly connected across the terminals of 12 V 
battery. 

17n 21n 
2.00 

6.0V -=-12V 

ht---' Il~tlf-o- , 
1.00 1.00 6.OV 

",'-- --IIe-.--- ..J
b
· 

12 v 

Fig. 5.301 

The complex circuitry in the middle has no effect on the 
potential drop across the upper 10 n branch. If the current 
through it is I. 
Potential drop across RI, VI = IR I ; 

Potential drop across R2, V2 = IR2 

Potential drop across branch, V = VI + V2 = I(R I + R2) 

The current 

Hence 

12. a.,b.,d. 

1= 
v 

VI = (1.2)(6) = 7.2 V 

V2 = 0.2)(4) = 4.8 V 

i. Imagine the wires to be flex ible and lift up the inside 
square with the resistors and source attached [see 
Fig. 5.302 (a)] . 

E .------- ---- ---~ 

1"lttz..1.01<ffi".o1.:1f--- ----, : 
I .~ A -- ----:$ : i 

.-, '-1.0k(2---:: ' : 
, ' ' : : 

, , , 
1.0 ill : 1.01<0 

, , 
, 1.0kO, :, , ' 
, " 1.0 1<0 c_' L , ,'--- - -, , , . 
: tf'7 -I 01<0-- C %,<_ 

1'1-- -/----~ -- - -.1 2 V 

::v------------ G 

seroes (a) 

:1.0 kO 

Follow Fig. 5.305 (a), (b), (c) and (d) to arrive at 
equivalent circuit. The equivalent resistance is 3 kn 

ii. Since 

Para llel 

(b) 

iii. Start at point G, assign it a potential VG' proceed toward 
E along any path. When you reach point E after adding 
potential drops and gains you get potential of E 
[see Figs. 5.302 (c) and (d)]. 

Paralld 
I'---~-' E 
, , , , , , 

an , , 
C -+ 2kn , an , , 
12V , , , 

-,--- ---, G 
(0) 

Fig. 5.302 

VG+ l2 - iR= Ve; 

VE- Vo = 12-iR 

C 

B 12 V 

G 
cquivalenl circuit 

(d) 

= l2-(4x 1O-3x 2x 103)=4 

13. a.,c. 

When S is opened: 

18x 6 
V -V =--= 12V 

c a 6 +3 

Fig_ 5.303 

Charges flown after S, is closed: 

ql = 72-36=36~C,q2=36 - 18 = 18~C 

Charges flown through S after it is closed: 
36+ 18 = 54~C 

Final potential of b is 6 V 
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14. a.,d. 
When X is joined to Yfor a long time (charging), the energy 
stored in the capacitor = heat produced in R = HI' 
When X is joined to Z (discharging), the energy stored in 
C(=HI) reappears as heat (Hz) in R. Thus, HI = Hz. 

15. c.,d. 
When X is jo ined to Yfor a long time (charging), the energy 
stored in the capacitor = heat produq:d in R = HI' 
When X is joined to Z (discharging), the energy stored in 
C(=HI) reappears as heat (Hz) in R. Thus, HI = Hz. 

16. b.,e.,d. 
Disregard the capacitors and find the current through G. 
The potential difference across. each capacitor is then found 
from the potential differences across the resistances in 
parallel with them. 

17. b.,e.,d. 
Just after closing the switch, capacitors will act like 
conducting wires. Find the equivalent resistance and 
calculate the current. 
After a long time, the switch is closed, no current flows in 
the circuit as the capacitors act like infinite resistance. 
Heat developed = (l12)Ceq Vz . 

18. a., b., e. 

19. a.,b.,e.,d. 

CireuitA 

Circu ilA 

Fig. 5.304 

R(2R + x) 
X= ~ 3Rx +X2= 2R2+Rx 

3R+x 

x2+2Rx_2R2=0 

2R±.J4R2 +8R2 
x= 

2 

2R + 2-J3R x= - 2 => x=(v'l-I)R 

2R 

R 

2 ~---:c--L-,_-.J 
CUCUlt B 

Fig. 5.305 

y 

Electric Current and Circuits 5.79 

CireuitB 

yR 
y= --+2R ~ i+Ry=yR+2Ry+2R2 

y+R 

~ y2 _ 2YR _ 2R2=0 ~ y= (../3 +I)R 

20. a.,b. 
Resistance between diagonal corners of cube 

6J 1 21 2 

21 4 
3 21 

5 21 
I 6 21 

I 61 

8 21 7 

Fig. 5.306 

~ ~?=(~-~+(~-~+(~ - ~ 

~ V17 = 2IRo+IRo+2IRo => V,,=5IRo 
Also, V17 :::: x(61) => x(61)'::: 5IRo 

=> 

=> 
Also 

5R, 
x=-

6 

2 21 3 
41 

12 41 4 . 21 

41 
21 I 21 

41 
I 7 

6 51 

5 8 121 
51 

Fig. 5.307 

VIS = (VI - Vs) + (V. - VS) 

V IS = 4/Ro + 51Ro 

VIS = y(12/) ~ 

3 
y= 480 => 

5 3 
x-y= - Ro --Ro 

6 4 

~ Vls =9lRo 
(12 1)y=9IRo 

x (~) 20 iO 

y = (~ ) =}8=9 

=> x-Y= Ro 
12 

1\ .'; J Assertion-Reasoning 
Type . " ,,"); .. ,:-j (iJi • I 'J' '1, I 

1. c. The resistance of a wire is 

R = pi, p being specific resistance 
A 

1 1 
R- -orR",,-

A2 A4 
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5.80 Physics for IlT-JEE: Electricity and Magnetism 

Hence, when the diameter is halved the resistance of the 
wire is 

I 
R~ --2 =16R 

(~) 
Hence, its resistance will become 16 times. 
Again from eq. (I), 

I 
Roc - or 

A 

I' 
R~

AI 

(I) 

Therefore, on increasing the length the resistance increases. 

2. c. On increasing the temperature of metals, the resistance of 
metal increases. Therefore, the temperature coefficient of 
resistance of metals is positive. 

On increasing the temperature of insulators, the resistance 
decreases. Therefore, temperature coefficient of resistance 
of insulators is negative, 

3. d. Resistivity or specific resistance is a material property. So, 
it does not change on bending the insulated wire. 

On bending, the cross-sectional area of wire churges but 
drift velocity of electron does not depend on area of cross
section so it does not change. 

4. a. Vd = - '-, If radius is doubled, A becomes 4 times and 
.,A 

hence V" becomes one fourth. 

5. a. Both RI2 are in parallel, so their equivalent resistance is R14. 

812 /-, 

812 

Fig. 5.308 

6. b. Both the statements are correct, but independent of each 
other. 

7. d. It is true that resistance of a wire is directly proportional to 
its length"but here when length is doubled, area of cross
section decreases as the volume remains constant. Finally, 
resistance becomes n2 ,times. 

8. c. Smaller is the resistance, more is the current in parallel. 

9. a. In series. current in both resistances will be same. For 
same current, more is resistance more is the potential drop. 

10. a. Copper is a conductor <lnd germanium is a semi-conductor. 

11. c. Drift velocity is directly proportional to electric field. 
If there is no elcc.tric field, then no drifting of electrons in a 
particular direction, hcncc no current in the conductor. 

p£ V I 
12. (a)V =JR :} V=neAv,, - :} v" = -- :} v" <>e_ 

A nepe e 

Comprehension 
Type 

For Problems 1-3 
l.d. 2_3. 3.b. 
Sol. 
a. The current are as shown. 

A 80 

A,C 

8 

60 

40 

120 

24V 
Fig_ 5.311 

I I I I 
= - +- +-+

Req 8 6 4 12 

/ 

B,D 
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8 
Req= 5" n 

24V 

Fig. 5.312 

1=~=[5A 
8/5 

For Problems 4 - 6 

4. c., 
Sol. 

5. a., 6.h. 

--<J)-
4.5 V I, 
I, 9<, 

30 C 1\ 
A 

I, 60 8 2Q 1 

1 --{v}-

I I 
<¢ 

h 20Q 

Fig. 5.313 

1
1
= 4.5=.!.A 

9 2 

<00 

D 
lHl 

IH) 

Potential difference acrossAB: 

4.5+3/1=6/2=12 = IA J=I I +!2=1.5A 

Equivalent resistance between C and D: 

R1 = 4.0 
Potential difference across 

CD= R1I=4x 1.5 = 6V 

Current through 12 Q 

6 [ 
13= -=-A 

[2 2 
S. Potential difference across 

AD= 6/2 +2/+ 12I, 

= 6x 1 +2x 1.5+ 12xO.5= 15V 

This will be equal to the reading of voltmeter across 20 n 
15 

6.14 = 20 = 0.75 A 

Reading of ammeter =1 + 14 = 1.5 +0.75 = 2.25 A 

For Problems 7 - 9 

7. d., 8. c., 9.d. 
Sol. 

. VOV1 VZ 
7. Given V, = -, V, = - , V, =-

k k' k 
1=/1+12 

'0 V, II V2 V, V,, _I '. -----Fl 1 R, R, R, R, 
R, R, 

Rl =R2 =RJ 
h 
~ ~ ~ 

Fig. 5.314 

Electric Current and Circuits 5.81 

VO-VI VI-V! V1-O --= --+--
RI RI R2 

.!i= (k _ 1)2 

R, k 

8. Current in R, andR3 will be same: 

V,,_I - v" v" =-

v _ V,,_I 
,,-I k \1;,-1 

R, kR) 

R,=R3(k-1) 

Put the value of R, in 0): R2 = -'
R3 k-I 

9. Current in R2 nearest to Yo: 

For Problems 10-12 

10. a., H.d., 12.c. ", 
Sol. 

10. q = f hit = area of given curve = ~ ioto 

i t 
H. -+-=1 :::} 

io to 

For Problems 13 -16 

13. c., 14.a., IS.c, 16.c. 
Sol. 

R .2 
10

'
0 H=--

3 

13. c. When key K, is open the circuit is a balanced 
Wheatstone bridge. 
The equivalent resistance is given by (for the bridge): 

= 20x40 n = 40 n R~'I 20+40 3 
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5.82 Physics for IIT-JEE: Electricity and Mag netism. 

14 

15. 

The total resistance = R~q ~ Ion = 23.3 n 
. 55 x 3 

The current I = --amp=33114A 
70 

When K 1 is open, the bridge is balanced 

~ VBD = O => ' chargeoncapacitor=O 

when K 1 is closed, we have two different sources of 
e.m.f. Applying Kirchoff's laws, we get, 

For loop ABCDA: 

i[8 + (il -1'2)' 12-(j'-i j )x40=O 

ioopBDCB: 

i2 • 2 - (i t - i2) x 12 = - 10 

!oopABCYA: 

i[. 8 + (i l - i2) x 12 + j' x 10 = 55 

solving, we get: i J = 2, i2 = 1, j' = 2.7 (amp). 

Change on capacitor = 4.8 J.l.C 

The current i, when k[ was' open = 2.36 A 

the current i', when k[ was closed = 2.7 A. 

:. the change in the current = 0.34 A 

For Problems 17 -19 

17. c., IS. b., 19.d. 
Sol. 

In the steady state, the equivalent circuit is 

5i]-2i2 =6 

6i2 - 21 1 = -4 

1312 = 14 

In A 

In 

~ 
" 

2n B 

Fig. 5.315 

14 4 
i 1= ~A,i2=- - A 

13 13 

18. Potential difference across BC 

14 64 
V;t=6 -- = - V 

13 13 

2n 

2n 

V = 64_Z (_4113)=72 y 
o 13 13 

c 

D 

V
B

= 64_ 1X fI4+.±.)=46 y 
13 113 13 13 

V = 72 - 46 = 26=2V 
DB 13 13 

19. Charge on capacitor 

= CVBD =4 x 10-6 xl= 81lC 

4V 

Matching CoLumn 
Type 

l. i. ~ a., ii. -) c, iii. --7 b., iv. --7 d. 
Sol. The equivalent circuit is as shown in Fig. 5.316 (b), 

8V 

A 

B 
(.) 

20n 

Fig. 5.316 

IOn 

200 

IOn 

8 
The current through Rj '" 20 = 0.4 A 

IOn 

c 

In the steady state, the potential difference across AB is 
4Y. 
Charge on capacitor in steady state is 

q= CV =OAIlC 

. . V 4 OZA Current through resistor R IS / :: Ii = 20 = . 

2. i. --+ c., ii. --+ b.t iii. --+ b.t iv, --+ a. 
Sol.When a steady state is reached, no current passes through 

the capacitor or the branch CEo 

5Q lOY? 
I, 5" 

8V ii 

F E 
12V 

Fig. 5.317 

Considering the loop ABEFA, 

5x(i J +i2J= lOori[+i2 = 2A 

Considering the loop BeDEB 
412 = 12- 10=2 => i2=0.5A 

So, i2 =2-0.5 ::: 1.5A [i-c) 

4n 

D 

(i) 

To find the charge on capacitors, we must know potentia! 
difference across the plates. 

Consider the loop CEDC: 

- 12 +4i2 + 3 xO - vc+ 8 = 0 

Or Vc = -2V. So charge on capacitor Q = cv = 10 IlC 
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3. i. -+ b., ii. -+ a.,b.,c., iii. -+ b., iv. -+ a.,b.,c.,d. 
Sol. 

B C 

II +h 
r.>-:-:-+- ---,D 

2Q 4Q 

I, 

A 

4V 
, 

Fig. 5.318 

LoopFEDCF: e-6=RIJ -4/2 

LoopAFCBA: 6- 4= 4/2 + 2(l1 + 12) 

2= 211 +6/2 

Solving them we get: 

1 _ 3e-14 1 = R+6-e 
1- 4+3R' 2 4+3R 

R 

f, 

E 

(i) 

(ii) 

/ 

i./2 =O => e=R+6 

e>6V(.', R~O) 

Electric Current and Circuits 5.83 

ii. For current from Fto C direction 

12 > 0 ==> R+6>e => e<R+6 

possible for any finite value of e, because R is finite 

iii. For current from F to C direction 

12 < 0 ==> e>R+6 

iv. For current in 2 n from B to A direction 

R - 8+2e> 0 => R 
e>4--

2 

Depending upon the value of R, e can take any value 
from zero to infinity. 
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ElectricaL Measuring Instruments 

, i 

.. ='-"-==-=.=="=c='==·--- -=-··===-=-==I' 
,. Potentiometer 

~ Meter Bridg~ or Slide Wire Bridge I 
il 

- ---~==,=,-=~-- ---- -=.=,=~---==--~j 
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6.2 Physics for llT·JEE: Electricity and Magnetism 

GALVANOMETER 

It is used to detcct very small current. It has negligible resistance. 
A pivoted coil of fine wire is placed in the magnetic field of a 

. permanent magnet (as shown in Fig. 6.1). Attached to the coil is a 
spring, similar to the hairspring on the balance wheel of a watch. 
In equilibrium position, with no current in the coil, the pointer is 
at zero. When there is current in the coil, the magnetic field exerts 
a torque on it that is proportional to the current. As the coil turns, 
the spring exerts a restoring torque that is proportional to the 
angular displacement. 

(.) 

(b) 

Fig. 6.1 

Why Should the Needle Deflect When There is 
Current? 

The mechanism of deflection 'is that ofa coil and a needle, which 
is subject to magnetic field. Whenever there is current, torque 
develops in the coiL This torque is responsible for rotation of the 
coil and hence the needle. This is the reason the needle deflects 
when there is current. 

The deflection of the needle is proportional to the current 
passing through it. By appropriate calibration, it is possible to 
use the galvanometer as an ammeter, a current measuring device. 

ProbLem in Using GaLvanometer Itself as an 
Ammeter ' 

As we know that the galvanometer is an electrical device, it has 
its own rcsistance. If we insert galvanometer in an electrical 
circuit, the total resistance of the circuit incrcases and hence the 
very current to be measured dccreases. If we can bring the 
resistance of the galvanometer to zero, it is possible to measure 
the actual current. 

Conversion of a Galvanometer into an Ammeter 

From the concept of resistors in parallel, we know that the 
effective resistance of parallel resis tors is less than.the least 
valuc. Thercfore, if we connect a very small resist~nce (S, 
generally called a shunt resistor) aeross the galvanometer, the 
effective resis tance of this device can be less than S. Note that we 
can never make effective resistance reach zero, but can make it 
nearly zero. This process is cnlled 'conversion of galvanometer 
into ammeter'. 

Fig.6.3 depicts the above discussion. 

I, 

1 1 , 

R R 

£ E 
AMM ETER Convers ion of galvanometer into ammeter 

It is an instrument used to measure current.lt is put in series with 
the branch in which current is to be measured. We all know Ihat 
galvanometcr is a device to detect current in a circuit. The device 
has a needle in it. When current passes through this device, the 
needle deflects. 

I~"" 
-

~ V _. -1 R.h b 1 

Fig. 6.2 

Fig. 6.3 

Let I be the current to be measured. This current gets divided 
into la and Is./a is the current through the galvanometer and Is is 
the current through the shunt resistor. As shunt resistance is very 
small, Is » 10. The current through the galvanometer is 
responsible for deflection of the needle. We have to use this 
fraction of currenl (la) in measuring the actual current I. This is 
the case with all the measuring devices. We can write: I = 10 + Is. 

Now we have to lind Ihe relation between the current through 
the galvanometer (la) and the current (I) to be measured. 

As the potentinl difference across G is the same as that across 
S, we can writc/oG=lsS={I-lrJS 

Therefore, le= (_S_) I ~ la oc I 
G+S 
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f="" "" rr ~. . . . ....; 

From the above relatio n, le is proportional to I . It is clear that 
the deflection of the needle is proportional to the current I. If the 
value of current I increases, the deflection incrca'ses. :.r.,.;·gCille 
can be graduated to read the value of I direcdy. Thus measuring 
o f current becomes possible. 

Maximum Current an Ammeter can Read 

To know this, ·one must know the maximum value of 'c. the 
maximum current which can pass through the galvanometer. It is 
also known as full-scale deflect ion current. If we pass current of 
intensity more than Ie through a galvanometer. the galva ncr meter 
may get damaged. This is a standard value for a given 
galvanometer. 

As an example. let us suppose that when the current through 
the ammeter is I = 2 A, current through the galvanometer is 5 mil. 
and let's suppose that this is the mtlximum value of 10 for full · 
scale deflection' which can pass through the galvanometer. 
Therefore, we can say that the maximum current the ammeter can 
read is 2 A. For any other current less than 2 A, vallie of current 
through galvanometer will be less than 5 mAo For ally other 
curren! greater than 2 A, deflection is not possi ble and hence no 
reading is possible. Now we can say that the range of the given 
ammeter is 0 - 2 A. 

Modification of Ammeter to Obtain Other Range 

As the maximum values of Ie Ilnd G arc constant fo r a given 
galvanometer, by vary ing the value of shu nt resistance we can 
vary the value of I. T~ererore by selecting the value of I , we can 
find the value of shunt resistance. For this shunt value, the range 
of ammeter can be 0 to I (Fig. 6.4). 

-~ - ----" 

/,,- '(J "'\ 

/ " / 
• (I -I,) , 
.. '-'WV'r'---"'" : 
""'. s ,/ - ", 

Fig. 6.4 

Thus S (/ - I() = leG => 

Note: 

1. The reading of an aillmeter ;s always lesser than the 
actual current in the circuit. 

R 

'" E 

R 

E 

Fig. 6.5 

I' 

p S 

" 

Electrica t Measuring Instrument~ 6.3 

"" PM example, ill Fig.6.S, actual curretil throug" R is 

E 
i= -

R 
(I) 

wlll'le the current after cOllllectiug all ammeter of 

" A( GS). ' . 'hR" reslstauce = - - III series WIt IS, 
G+ S 

., E , =-
R+A 

(Ii) 

From (i) ami (ii), we see that i' < i. To meOSllre correct 
currellt, we sllOlIld have i ' = i. TI,is is possible wlten 
A = O. This kind of ammeter is known as ideal ammeter. 
SQ_ resistance of ali idealtlmmeter should be zero. 

2. Percen(age error in measurillg a currellt through an 
ammeter is . 

(" "') (_l _---L-) t~' x lOO= R ;+A xlOO 

or % error = ( _ A_)XIOO 
R+A 

1U1lYftit:YiifJ A galvullomeler has a resistance of.SO n 
and its full-scale deflection current is 50 i-IA. What resis tance 

should be added so thai the ammeter can have a range 

O-SmA? 

Sol. Here, themaxiJl!l!1Il value of 10 = 50 i-IA: The upper limit"" 
gives the maximum current to be measured which is 1=5 mA. 
The ga lvanometer resistance, G =; 50 O . 

From the relation: 

s= IGG =. 50x lO-
6

x50 ", 0.5 0 
I-Ie 5xlO·3-50xlO-o 

If we work out, we would understand that higher the range of 
ammeter, lower is the value of shunt resistance. 

VOLTMETER 
It is an instrument used to fi nd the potential difference across two 
points in a circuit . 

As we know {lmt current and potential difference arc rcillted, 
we call express the current used for deflection as a function of 
potential differencc to be measured . Hence we can use the 
galvanometer as u voltmeter. 

Unsuitability l>f the GaLvanometer as Voltmeter 

Suppose we eonncct a galvanometer across a resistor R j as shown 
in Fig. 6.6 10 fi nd the potential difference across resis tor R j • 

As the galvanometer has its own resistance, the total resistance 
of the circuit changes and hence the very potentin! difference to 
be measured becomes different. That is why we Cllnnot use the 
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6.4 Physics for UT-JEE: Electricity and Magnetism 

galvuP.Qmeter as a: voltmeter. To keep the current same, we 'need to 
make the' resistance of galvanometer very high. Hence the current 
through the galvanometer will be small. Ideally, it has to be infinite 
so that current through galvanometer is zero. 

Rj- IQOn R2-200n 
R, 

R, 

+ , b 
30V V, Circuit V. - element -J J 
(.) (b) 

Fig. 6.6 

Conversion of Galvanometer into a VoLtmeter 

From the concept of resistors in series, we know that the effective 
resistance of resistors in series is greater than the greatest value. 
Therefore, if we connect a very high resistance (RII) in series with 
the galvanometer, the effective resistance of this device can be 
greater than RII (Fig.6.7). Note that we can never make effective 
resistance reach infinite, but can make it nearly infinite. This 
process is called 'conversion of galvanometer into voltmeter'. 

R, R, 

Fig. 6.7 

Let Vbe the potential difference (p.d.) across the resistor, By 
parallel circuit, p.d. across voltmeter is also V. Let Ia be the 
current through the galvanometer. 

Hence V = 10 G + loRI/" 

Therefore I _ V ~ 
0- Rh + G 

Note that the deflection is proportional to the current la and 
hence to V. The scale can be calibrated to read the potential 
difference directly. 

To find the maximum potential difference (V) a voltmeter can 
read, one must know the maximum value of 10 for fu ll-scale 
deflection of the galvanometer. This is a standard value for a 
given galvanometer. Let us suppose that 0.1 mA is the maximum 
value 9f 10 for full scale deflection, when the p.d. is 5 V. 
Therefore, we can say that the maximum p.d. a voltmeter can 
read is 5 x 2 V. For any other p.d. less than 5 V, 10 value is less 
than the maximum value. Therefore, reading is possible. For any 
other p.d. greater than 5 V, deflection is not possible and hence no 
reading is possible. Now we can say that the range of the given 
voltmeter is 0 - 5 V. 

'. Modifying Voltmeter to. have Desired Range 
(say 0 to V) 

As the maximum values of 10 and G are constant for a given 
galvanometer; by varying the value of shunt resistance we can 
vary the value of V. Therefore by selecting the value of V(say V), 
we can find the value of shunt resistance. For this shunt resistance 
value, the range of voltmeter can be 0 to V. 

It is essential that the resistance R. = G + R of a voltmeter be 
very large as compared to the resistance of any circuit element 
with which the voltmeter is connected. Otherwise, the metre itself 
becomes an important circuit element and allers the potential 
difference that is measured. For an ideal voltmeter R. =00 (Fig. 6.8) 

Now 

-------.. 

Fig.6.S 

Note: 

v . 
R=--G 

la 

1. The reading of a voltmeter is always lesser than the true 
value, " " 

For example, if a current, i, is passing through a 
resistance, r, tile actual value is V = if' 

,. 
~ 

Fig. 6.9 

Now ifa v~ltmeter of resistance R" (= G + R) is connected' 
across the resistance r,' the new value wiil be 

V=~ ro 
v,~ 

, 

c;J v . 

I R 

, 
1+

R, , 

------@--wvv--
Fig. 6.10 

From eqs, (i) and (ii), we call see that 

V'<V ~ V'=V if Ry=oo 

(ii) 

2. Percelltage error in measuring tile potential difference 
by a voltmeter is, 
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-~ .. ~-=- -.~ - -~-. ~ - ... 
'- ~, < 

.. 1 

or % error [-I-r~J x 100 
1+ -

. Rv 

mustration 6.2 A galvanometer has a resistance of SO n 
and its full scale deflection current is 50 )lA. What resistance 

should ,be .added to it so that it can have a range of 0 - 5V? 

Sol. Here, the maximum value of 10 = 1O )..lA. The upper limit 
gives the maximum voltage to be measured which is V = 5 V. The 
gaivanomettlr resistance, G = 50 n. 
From the above relation, R" "" 100 kil. 
If we work oul, we would understand that higher the range of 
voltmeter, higher is the value of shunt resistance. 

Dlustration 6.3 What is the value of shunt which passes 

10% of the main current through a galvanometer of 99 Q? 

Sol. A shunt is a small resistance, S, in parallel wilh a 
galvanometer (of resistance G) as shown in Fig. 6.11 . 

(J -Io) 

CJ 
1 I, 

Fig. 6.11 

(I - lo)S=lo *G, Le., S= loG 
(l-IG ) 

And as here, G = 990and IG = (10/100) / = 0.1l 

S= O.llx99 = Q:!x99=lln 
(1-0.11) 0.9 

IIIustrntion 6.4 The deflection in a moving coil galvano

meter falls from SO divisions to 10 divisions when a shunt of 

120: is applied. What Is the resistance of the galvanometer? 

Sol. In case of a galvanometer, I 0<: fJ 

So. Le., 
1 

10= -I 
5 

Now as in case of a shunted galvanometer as shown in Fig.6. 12. 

(1 -IG) 

1 
CJ 

10 

Fig. 6.12 

Electrical Measuring Instruments 6.5 

1 1 
(I-la)S=IG, Le., (l - -l)xI2= -IG 

5 5 
So. G = 4x 12 =480: 

Illustration 6.5 A galvanometer has a resistance of30 0 and 

a current of2 rnA is needed for a given full scale def1edio~. What 

is the resistance and how is it to be connected to convert the 
galvanometer (a) Into an ammeter of 0.3 A range (b) into a 
voltmeter of 0.2 V range? 

Sol. As here galvanometer resistance G = 30n and full scale 
deflection current I g = 2mA, so, 
(a) To convert the galvanometer into an ammeter of range 0.3 A, 

a resistance of value S is connected in parallel with it such 
that s 

0'. 

(1-1/1) S= Ig G, (0.3 - 0.002) S 

= 0.002x3, 

0.002 x 30 
S = 0.298 1 

= 0.2013 n (a) 

(b) To convert the galvanometer into v~--~ 
a voltmeter of range 0.2 V, a resis-
tance R is connected in series 
with it such that 

V=/~(R+G), 

i.e., 0.2= 2x 10-3(30+R) 

i.e., R= lOO -300 =70n 

L,.--II/Wrl G 

Voltmeter 
(b) 

~g. 7.1~_ . . 

IIIUlotrution 6.6 The scale of a galvanometer is divided into 

150 equal divisions, The galvanometer has current sensitivity of 

10 divisions per rnA and a voltage sensitivity of2 divisions per 
m V. How can the galvanometer be designed to read (I) 6A, per 
division and (II) 1 V, per division? 

Sol. As per the resistance of galvanometer, 

G= Full scale voltage =' 75 x 10-
3 

= 5 0: 
Full scale current 15 x 10-3 

For conversion into ammeter 
of range I A. 

(I - Ig) S = 18 G 

I,G 
5=--

I - I g 

15xlO-3 x 5 

= (150X6 - 15XIO-3) 

15 x 10- 3 x 5 
= 

150x6 

=8.3 x 10-5 0 

For conversion into voltmeter of 
range V volt, 18 (G+R) = V 

s 

(.) 

p 
, 

(b) 

Fig. 7.14 

'. 
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6.6 Physics for IlT-JEE: Electridty and Magnetism 

V R= -- G = 
I , 

POTENTIOMETER 

150 -5=9995Q. 
15 x 10-3 

Potentiometer is an instrument that can measure the terminal 
potential difference with high accuracy without drawing any 
current from the unknown source. 

It is based on the principle that if constant current is passed 
through a wire of uniform cross-section, the potential difference 
across any segment of the wire is proportional to its length. 

Fig. 6.15 shows a typical arrangement to measure e.m.f. 
Ex of a battery. 

Ex '",'" ________ ______ _ 
~--, 

Eo~ 
K,-- / 

Fig. 6.15 

b 

Wire ab of uniform cross-section carries a constant current 
supplied by battery S. First switch K! is closed and K2 is kept 
open. The slider is moved on the wire ab till we. get zero 
deflection in the galvanometer. If C1 is the corresponding point in 
the wire, Ex = Vaci 

Now, the experiment is repeated with key K1 open and K2 
closed. This time if the null deflection is obtained on contact with 
wire at C2, Eo = Vacl (Eo is known) 

E Vac lac 
Now, ---=L = --' "-' where lac and lac are the lengths, of 

Eo Vacl lac, I 2 

segments aC1 and ac2, re"eclively. 
, 

Comparison of e.m.f.s of Two Cells Using 
Potentiometer 

To compare E1 and Ez as shown in Fig. 6.16, close the keys K and 
K1, so that cell of e.m.f. E1 is in the circuit. Move the jockey J on 
the wire AB and locate the position at which galvanometer shows 
no deflection. At this stage potential difference between A and J 
is equal to e.m.f. EJ of the cell. 

Hence, EJ"" length AJ 

E j "" Ij,whereAJ=11 

or E1=kl J , (i) 

where k is a constant of proportionality. 

+ 

r )----{G 

A 
300 em 

400 em 
B .-::='--+ __ --.J 

Fig. 6.16 

Remove the key K J and close key K2, so that cell E2 comes in 
the circuit. Again find the position of the jockey on the wire, 
where galvanometer shows no deflection. Let this position be I'. 
At this stage p.d. between AI' is equal to the e.m.f. E2 of the cell. 

Hence, £z"" length AI' 

0' 

E 2"" i2, where AI' = l2 

E2 = k12' 

Dividing eqn. (i) and (ii), we get 5.. = iL 
E2 '-2 

(ii) 

Thus knowing lengths I] and [2' we can calculate the ratio of 
e.m.f.s of the two cells. 

Determination of Internal Resistance of a Cell 

Make the connections as shown in the circuit diagram in Fig. 6.17. 
Check the connections as explained in previous section. 

R,Bol' KI 

~-'lI'----{ G 

K B.-----~-------

Fig. 6.17 

Close the key K only (key K[ is open). Move the jockey on wire 
AB and locate a point I at which the galvanometer shows no 
deflection. At this stage the p.d. <lcrossAI is equal to the e.m.f. of 
the cell, i.e., E (.'. cell is in the open circuit) 

Eoc length Al 

AI=lj,then 

E"" [1 or E= ki[ (iii) 

Now. close the key K] also and introduce some resistance 
(say R) from thc resistance box. 
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Again locale the poSItIOn of jockey on wire AB ti ll 
galvanometer shows no deflection. Let it be at J'. Atlhis stage 
p.d. across lengthAJ' = terminal p.d. of cell because cell is now in 
closed circuit. 

V« length AJ' 

Vee i2, whereAl' = Il 
V= Kl2 (iv) 

Dividing equation (iii) by equation (iv), we get.§.. =!J... (v) 
E2 ' 2 

We know that the imemal resislance of a cell is given by 

Using equation (v), we have r = (;~ -1)R 

r = ( ll l~ t t )R (vi) 

Thus knowing i I' i2 and R, we'can calculate the value of r, the 
internal resistance of the cell. 

IIIIL~tration 6.7 Fig. 6.18 shows a potentiometer circuit for 

comparison of two resistances. The balance point with astandard 

resistor R = 10.0 0: is found to be 58.3 em, while that with the 
ullknown resistance X Is 68.5 em. Determine the value of X. 
What would you do if you fail to find a balance point with the given 
celiE? 

~8.) em 6 B.~ em 

B 

Fig. 6.18 

Sol. Here, I" = 58.3 cm./l = 68.5 cm, R = 100:. X=? 
Let / be the current in the potentiometer wire and EI and £2 

be the potential drops across R and X, respectively. Then 

£, IX X X = £ 2 R (i) = - =- '" £, IR R E, 

But' 
E, 

= "- From(i) 
£ , I, 

X= !2 R = 68.3 xIO.O= 11.75 n 
I, 58.3 

Jfthere is no balance point with given cell of e.mJ. E, it means 
potential drop across R or X is greater than the potential drop 

Electrical Measuring I~struments 6.7 

across the pOIentiomeler wire AB. In order to obtain the balance 
point, the potential drops across R and X are to be reduced, which 
is possible by reducing the current. For thaI, either a suitnble 
resistance should be put in series with R and X or a cell of smaller 
e.m.f. should be used. Another possible way is 10 increase the 
potential drop across the potentiometer wire by increasing the 
voltage of driver cell. 

llIustrlltion 6.8 Fig. 6.19 shows a 2.0 V potentiometer used 

for the determination of internal resistance of a 1.5 V cell. The 

balance point of the cell In open circuit is 76.3 em. When a 
resistor of 9.5 0: is used In the external circuit of the cell, the 
balance point shifts to 64.8 em, length of the potentiometer. 
Determine the intcrnal resistance of the cell. 

2.0 V 

, }---_-,----. _ _ --' B 

!.5 V @ 
: 

: 9.50 : 
'-- -wY'v--' 

G 

Fig. 6.19 

Sol. Here, II = 76.3 cm, 12= 64.8 cm, r = 1, R= 9.5 0: 

Now, r= ( II - 12 ) R = (7603 - 6408) x 9.5 = 1.68 n 
12 64.8 

IUustration 6 .• 9 ~ A voltage V 0' is applied to a potentiometer 

whose sliding contact is exactly in the middle. A voltmetcr V is 
connected between the sliding contact and one fixed end of the 
potentiometer. It is assumed that the resistance of the voltmeter 
is not very high if compared with the resistance of the 
potentiometer. What voltage will the voltmetershow higher than, 
less than, or equal to Vo/2? 

Sol. 

r--\.V}----, 
I 

'~-~.V0t.~b-~" 

Fig. 6.20 

If R is the resistance of the whole potentiometer and Ry is the 
resistance of the voltmeter, the total resistance of section ab 
o f the potentiometer is 

R = Ry (R I2) = R <!!. 
ab R~(R I 2) 2(1 +RI2RV) 2 

The resistance of section be is equal to Rt2. The voltagc 
applied to the potentiometer will not he distributed cvenly. 
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6.8 Physics for IIT -JEE: Electricity and Magnetism 

Since the resistance of ab is less than that of be, the voltage 
applied to the first section is lower than that applied to the 
second. the higher the resistance of the voltmeter, the closer 
the readings of the voltmeter are to one half of the applied 

voltage. 

Dlustration 6.19 Potentiometer wire PQ of 1 m length is 

connected to a standard cell HI' Another cell, E 2, of c.m.f. 

1.02 V is connected with a resistancer and a switchS as shown in 
the circuit diagram. With switch S open null position is obtained 
atadistanceof51 cm from P. Calculate 
(a) potential gradient of the potentiometer wire. 

(1)) e.m.f.ofceIlEI' 
(c) when switchS is closed, will null point move towardsPor 

towards Q? Give reason for your answcr? 

E, 

Fig. 6.21 

Sol. 

(a) Potential gradient, k:;:;; ~ = 1.02 = 0.02 V / m 
I 51 

(1)) The e.m.f. of cell EI = k x iOO = 0.02 x 100 = 2 V 
(c) When switch S is closed, there is no shift in the position of null 

point as the position of null point depends upon the potential 
gradient along the potentiometer wire (which depends upon 
the e.m.f. of battery EI and resistance of potentiometer wire 
circuit and length of potentiometer) and e.m.f. of the cell E2 
which does not change when switch S is closed. 

Illusfradon 6.U ' In Fig. 6.22,AB is aim long uniform wire 

of 10 Q resistance. Other data are showu in the diagram. 

Calculate (i) potential gradientalongAB, (ii) JengthAO when 
galvanometer shows no deflection. 

2V 150 

0 
A B 

1.2 V 

OJ n 1..5 V 

Fig. 6.22 

Sol. 
i. Potential gradient along 

AB= (_2_):.!.Q. =0.008Vcm-1 

15+10 100 

ii. Current through 0.3 Q = 1.5 = I A 
1.2 + 0.3 

Potential difference across 0.3 n:;:;; I x 0.3 = 0.3 V 

Let I be the length AO, then 0 .3 = 0.008 x I 

0' I 
0.3 

= -- =37.5em 
0.008 

Cells A and B and a galvanometer G are 

connected to a slide wire OS by two sliding contacts C and D as 

shown in Fig. 6.23. The slide wire is 100 cm long and has a 
resistance of 12r.1. With OD = 75 cm, the galvanometer gives no 
deflection when OC is 50 cm. If D is moved to touch the end of 
wire S, the value of OC for which the galvanometer shows no 
deflection is 62.5 cm. The e.m.f. of cell B is 1.0 V. 

Calculate 
a. The potential difference across 0 and D when D is at 

75 cm mark from O. 
h The potential difference across OS whenD touches S. 

c. Internal resistance of cell A. 

d The e.m.f. of celiA. 

A 

0 
c 

D 
S 

G 
B 

Fig. 6.23 

Sol. Resistance of wire OD::: ~ X 75 = 9 Q. Let E and r be the 
100 

e.m.f. and internal resistance of cell E. 

a. Potential gradient of w'ire = 1/50 V fern. Therefore voltage drop 
across the wire ODoflpngth 75 cm=(1I50)x75 = 1.5 V 

h Potential gradient of wire = 1/62.5 Vfcrn. Therefore voltage 
drop across the wir.e OS of length 100 em = (1/62.5) x lOa 
=1.6V 

c. (9~r)X9 :;:;; 1.5 

(_E_) x 12 = 1.6 
12+r 

d On solving (i) and (ii), we get r= 3Q Hnd E= 2 V. 

(i) 

(ii) 
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METER BRIDGE OR SLIDE WIRE BRIDGE 
Slide wire bridge is a particle application of Wheatstone 
Bridge and is used for (I) measuring an unknown resistance 
(2) comparing two unknown resistances. Slide wire bridge works 
on the principle of Wheatstone bridge. 

Construction 

It consis ts o f a unifonn wire AC, usually of eureka or manganin of 
one metre length. It is stretched on a wooden board between two 
copper strips. A metre scale is fitted on the board parallel to the 
length of wirc. Another copper strip is fitted all the wooden board 
in order to provide two gaps. 

In one of the gaps (say left gap) a resistance bOl( R is 
connected, while iT! o ther gap (right gap) an unknown resistance 
S is connected. A cell E and a key K are connected across the 
e n d s 
A and C as shown in Fig. 6.24. 

R 

I 
\.~ 

A " 
I 

• 
I 

D 

" 
, 

3 
B 

-
( 

K 

Fig. 6.24 

Checking of Connections 

s 

l...!...!...:.! ' I 

, 
(100-1) 

C 

Close the key K and put the jockey at the end A of the wire and see 
the direction of deflection in the galvanometer. Now remove the 
jockey from A and put it at the end B of the wire and note the 
direction of deflection in the galvanometer. If the di rection of 
deflection reverses; the connect ions are correct. 

Working 

Close the key K and take out some suitable low resistance R from 
the resistance box. Now move the jockey gently on wire AC till 
the galvanometer shows no dencclion. Let this point be B on the 
wire. 

Let AB = I 

BC~( I OO-I) 

Let the resis tance of the wire between A and B = P and the 
resistance of thc wire between 8 and C = Q 

If r = resislance of wire of unit length , then P = Ir and 
Q = (100-1), 

According to principle of Wheatstone's bridge, 

P R 
- = -
Q S 

Ete<:trical Measurin9 In~trumtnts 6.9 

l R 
--= -
100 - t S 

S=(_I )R 
l OO -l 

knowing -iand R, S can be calculated. 

Illustration 6.13 . In Ihe s imple potentiomctcrcirtuil, where 

the length AB oflhe potentiometer wire is 1m, the resistors X 

and Yhave values 5 nand 2 n, respect ively. When X is shunted 
by a wire, the balance point Is founrl to be 0.625 m from A. W hat 
is the r esistance of the shunt? If th e shunt wire is 0.75 m long 
and 0.25 mm in diameter, what is the resistivity of the material of 
the wire? 

x y 

so 

~ 
20 

A B 

I , 
Fig. 6.25 

Sol. Let R be the res istance of the shunted wire, the effective 
res istance of Rand 5 n in pllraUel = 5x R/(S + R) 

. SR 1(5 + R) 0.625 0.625 "5 
AI balance pomt, 2 = ~1 -'-"0.":62"'5 = 0-.-03-7-5 = 3 
On solving we gel, 

Now, 

R= IOn 

= 
0.75 

= 6.54 x 1O-1 Qm 

Concept Application Exereis,e 6.1 

1. An ammeter is always connected in series and a voltmeter 
is connected in parullel to the circuit c lement in any 
electrical circuit. Why? 

2. By mistnke n voltmeter is connected in series and an 
ammeter in parallel wi th a resistance:n an electrical circuit, 
what will happen to Ihe inst ruments? 

3. A 100 V voltmeter having an imernal resistanceof 20kO is 
connected in series with a large rcsislanceR across a 110 V 
line. What is the mngtlitudeofre.~istance R jfthe voltmeter 
reads 5 V? 

4. What will be the effect on the accuracy of the result if we 
replace a s ingle wire potentiometer by a potentiometer 
having 12 wires, the length of each wire being I m? 
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6.10 Physics for IIT..JEE: Electricity 'aml Magnetism 

5. In the circuit shown in Fig. 6.26. a metre bridge is in its 
balance state. The metre bridge wire has a resistance of 
I ohm cm- I

. Calculate the value of unknown resistance 
X and the current dmwn,. from the battery of negligible 
inte rnal resistance. 

x ' C Hl 

--11--
OY 

Fig. 6.26 

6. The vnriution of potential difference V with L2:' x. " 
length t in case of two potentiometers X and 
Y is as shown in the given diagram. Which 
one of these two will you prefer fo r 
comparinge.m.f.s oftwoeells and why? 

7. Fig. 6.27 shows n potentiometer cireuit for 
comparison o f two resistances. Th~ balance poi nt with a 
standurd resistor R '" 10.0 n'is found to be 58.3 cm, while 
that with an unknown resistance X is 68.5 cm. Determine 
the value of X. What would you do if you fail to find a 
balance point with the givcn ~ell E? (Assume R and X are 
much more smaller than r). 

A I------.,----~ 0 

R G 

x 

E ' 

Fig. 6.27 

8. Two unknown resistances X and Yare ~ on the left and 

right gaps of a meter bridge. The null P,Oini m galvmlometcr 
is obtained at a distance of 80 cm from left. A resistance of 
100 n is now connccted in parallel acroSs X. The null point is 
thcn fou nd by shirting thc s lid ing contact towards left by 
20ctll.CalcuhucXllIId Y. 

9. The ammeter showll in Fig. 6.28 consists of 480 Q coil 
connected in pl'lralle l to 20 n fihunt. Find thc reading of the 
ammeter. 

C
I I
-0] 

20 v 
Flg.6.2R 

10. A g,dVa1l0111c tel' with a coil of res istance 12.0 n shows full 
scale de fl ection fO!' a current of 2 .5 mi\. How will you 
converl the meter inlO: 

i . an ammeter of mnge 0 to 7.5 A? 
ii. a voltme terof mnge O to 1.0 V? 

11. What shunt resifilance is required to make a 1.00 rnA, 20.0 
n meter into an ammeter with a range of 0 A to 
50.0 mA? 

12. How can we m<lke a galvanometer with Ra '" 20.0 nand 
II( = 0.001 00 A into a voltmeter with a maximum range of 10.0 
VI 

13. In an experiment with a potentiometer, 'the null point is 
o'btaincd at a distance of 60 cm along the wire from the 
common terminal with a Leclanche cel!. When a shunt 
resistnnce of 1 0: is connected across the cell, the null point 
~hift~ to 11 distance of 30 cm from the common terminal. 
Whnt is the internal resistance of the cell? 

14. The c.m.f. of Daniel cell gets balanced on 800 cm length of 
a potentiometer wire. When a 5 Q resistance is connected 
at the termi nals of the cell, the balancing length becomes 
400 cm. Find the internal resistance of the cell. 

15. A potentiometer wire of length 10m and resistance 30 0: is 
connected in series with a battery of e.m.f. 2.5 y, internal 
resistance 5 n and an external resistance R. If the fall of 
potential along the potentiometer wire is 50 I.l V Imm, find 
the value of R(in Q). 

16. In the experimenl of cal ibnnion of voltmeter. a standard cell 
of e.m.f. 1.1 V is balanced againsl440 cm of potenti-ometer 
wire. The potential d ifference across the ends o f a 
resistance is found to balance against 220 cm of the wire. 
The corresponding reading of voltmeter is 0.5 V. Find the 
error in the reading of voltmeter. 

17. It i.~ rcquired to measure the resistance of a circuit operat· 
ing at 120 V. Therc is only one galvanometer of current 
sensitivity 10-6 A per division. How should the galvano
meter be connected in the circuit to operate an ohmmeter? 
What minimum resistance can be measured with such a 
gil lvanometcr if its full scale has 40 diVisions? 

18. In n potentiometer experiment, it is found that 110 current 
passes through the galvanometer when the tenllinals of the 
cell arc connected across 0.52 m of the potentiometer wire. 
If the cell is shunted by a resistance of 50:, balance is 
obtai ned when the cell is connected across 0.4 m of the 
wire. Find the internal resistance of the cell. 

19. In the cireu it shown in Fig. 6.29, a voltmeter reads 30 V 
when it is connected across a 400 ohm resistance. Calculate' 
whal thc slime voltmeter would read when i! is connected 
across the 300 ohm resiSlance. 

)00(1 4000, 

Co~Yo:J 
Fig. 6.29 

(lIT ·JEE, 1980) 
20. Dl1Iw II circuit diagram to vcrify Ohm's law with the help ofa 

main rcsisl<1nce 106 Q and 10-3 n and a source of varying 
c. m. f. Show the corrcct positions ofvoJtmeter and ammeter. 

OIT-JEE, 2(04) 
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Solved Exa,mples 

I ijlm.iU' What is the value ofa shunt which passes 10% 

ofthc main current through a galvanometer of99 Q? 

Sol. A shunt is a small resistance S in parallel with a galvano
meter (ofresistance G) as shown in Fig. 6.30, 

(I-fo) 

I 

Q, 
I, 

Fig. 6.30 

And as here, G = 99 Q and le= (IOIlOO)/ = 0.1 I 

5 = O.11x99 =.2.:!x99=lln 
> ' (1-0,11) 0.9 

'ijih!iltl'if' The deflection in a moving coil galvano

meter falls from 50 divisions to 10 divisions when a shunt of 12 

ohm is applied. What is the resistance of the galvanometer? 

Sol. In case of a galvanometer, I <X: () 

So, 
10 10 1 . 
-= - =-, I.e 
[ 50 5 

I 
fc= - / 

5 
Now in case ofa shunted galvanometer as shown in Fig. 6.31. 

(l-IG)S=loG, i.e.,(I - ~l)X 12 =~fG 
So, G= 4x 12 ",48D. 

(/ - hi) 

Fig. 6.31 

! A galvanometer of resistance 95 n, shunted by 

a resistance of5 Q gives a deflection of 50 divisions when joined 

in series with a resistanceof20Q and a 2 V accumulator. What 
is the current sensitivity of the galvanometer (in div/j.lA)? 

'0 

20kU 

950 

2V 

'-----II------{ J--------" 
Fig. 6.32 

Sol. In accordance with the given problem, the situation is 
depicted by the circuit diagram in the "figure. As 20 kn is much 

Electrical Measuring Instruments 6.11 

greater than the resistance of shunted galvanometer (<5 n), the 
cur~'€m in the circuit will be 

2 • 
1= :=10- 4 A=[OOIlA 

20 x 103 

And as this current produces a deflection of 50 divisions in the 

() 50div I div 
galvanometer, CS = - "" --= - -

1 lOOIlA 2 IlA 

An electrical circuit is shown in Fig. 6.33. 

the potential difference across the resistor of 

400 n, as will be measured by the voltmeter V of resistance 
400 n, either by applying Kirchhoff's rule or otherwise. 

. ; 
I lOOn , 

r, 

J 

v 

4000 

lOon I 
1000 

IOV 

Fig. 6.33 

2000 

(llT-JEE,I9%) 

Sol. Applying Kirchhoff's law in loopJMGDJ, we get 

K V L 

hll 
J M 

400n 

c 
I, I l -/3 II +h-h 

E 

loon D 
100nJ F 

200n 

I, loon 
A II 

I 10 v 
Fig. 6.34 

I, 
- - x 400 + (11 +12 - 1)200+ (12-13) 100 =0 2 . 

-200 /3 +200/1 +300/2 - 300 = 0 

~ 2/1 +312 -513= 0 

Applying Kirchhoff's law in CDEFBC: 

100/2 - Ioo(h - /)+ 100/1 = 0 

~ 11 -2/)-/)=0 
Multiplying eq.(ii) by 2 and subtracting from (i) 

2/1 + 3/2-5/3- 2/1 +4/2 - 21) = 0 

~ 12 = 13 

Applying Kirchhoff's law inABFEGHA 

-3/1- 2/2 +2/3 +0.1 = 0 

Multiplying ( ii ) by 3 and udding it wi th (iv) 

(i) 

(ii) 

(iii) 

(iv) 
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6.12 Physics for IlT-JEE: Electricity and Magnetism 

- 3/J -6/2 + 313 - 3/1- 2/2 + 2/3 + 0.1 = 0 

-8/2 +5/3+0.1=0 

=} -8/3+5/3+0.1 = 0 

::::} 313 = 0.1 

::::} 13= Q:.! 
3 

:. Potential difference across JM = 0.;3 x 400 

= ~X400= 20 = 6.67V 
2x3 3 

Alternatively: we can redraw the circuit as shown in Fig. 6.35. 
The equivalent resistance between G and D is 

Since 

400 x 400 = 200n 
400 +400 

RCE = REB 

RCD Rvn 

:. It is a case of balanced Wheatstone bridge. 
The equivaleilt resistance across C; and B is 

300x 300 
Ron = 300 + 300 150Q 

:. Cprrent 1= ~= J.Q.=~A. 
RCB 150 15 

E 

lOY 

Fig. 6.35 

SinceRGEB =RGDB, the current is divided Ht G into two equal 
parts. 

The current .!.. further divides into two equal purts at M. 
2 

Therefore, the potential difference across the voltmeter 

1 I . 20 
= - x 400 = - x 100= - v. 

4 15 3 

BWUiii A thin uniform wire AB of length 1 m, an 

, unknown resistance X and a resistance of 12Q are connected by 

thick conducting strips, as shown in Fig. 6.36. A battery and a 
galvanometer (with a sliding jockey connected to it) are also 
available. Connections are to be made to measure the unknown 

resistance X using the principle of Wheatstone bridge. Answer 
the following questions. 

A B c o 
Fig. 6.36 

(a) Are there positive and negative terminals on the galvano
meter? 

(b) Copy the figure in your answer book and show the battery 
and the galvanometer (with jockey) connected at appropriate 
points. 

(c) After appropriate connections are made, it is found that no 
deflection takes place in the galvanometer when the sliding 
jockey touches the wire ata distance of60cm from A. Obtain 
the value of the resistance X. 

(lIT-JEE,2OO2) 

Sol. 

(a) No. There arc no positive and negative terminals on the 
galvanometer. 

(1)) J 

G 

Fig. 6.37 

Rill O.6p 12n 
(c) .: Bridge is balanced, - = -- = - - =} X = 8 n 

RIB O.4p X 
where p is the resistance per unit length. 

, ! I] An unknown resistance is to be determined 

lIsing resistances R I , R2 or RJ• Their corresponding null points 

areA, Band C. Find which ofthe above will give the most accorate 
reading and why? R=R J or Rz or R3 

g 
ABC 

Fig. 6.38 (IIT-JEE,2OO5) 
Sol. All null ,point, the wheat stone bridge will be balanced 

X R Ij 
.. - =- =} X=R-

where R is a constHnt and rJ and /"2 are va~iables. The maximum 
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f' . 6X .6.r1 .6.'2 ractlon efror IS -X = - + -
Ii '2 

Here L\rJ = I1r2 = y (say) then 
,----, 

x , 
G 

M~~'';' ,~t:~B;:::'::O'.:!C=~N 
R- R, R-Rl R-R, 

Fig. 6.39 

Electrical Measuring Inst ruf!1ents 6,13 

~ =y[r\:2'i ] 
For IlX to be minimum, /', xr2 should bemaxil~~m 

X , 
[.: Tj + r2 ='c (Constant)] 

Let E=rjXT2 ~ E=rjx(1'2-c) 

~ R2 gives the most accurate value 

========/EXERCISES 

Subjective Type Ii Soilltiolls ~n page 6.23 

1. Consider the potentiometer circuit arranged as in the figure. 
The potentiometer wire is 600 em long. 

, 

, +----'--->_---".'C' _ .... 
, -----+N 

~ 
Fig. 6.40 

a. At what distance from point A should the jockey 
touch the wire to get zero deflection in the galvanometer? 

b. If the jockey touches the wire at a distance of 560 em from 
A, what will be the current in the galvanometer? 

2. A cell ofe.m.f. 3.4 V and internal resistance 3 n is connected 
to an ammeter having resistance 2 n and to an external 
resistance of loon resistance, the ammeter reading is 0.04 
A. Find the voltage read by the voltmeter and its resist-anee. 
Had the voltmeter been an ideal one, what would have been 
its reading? 

v 
/'r-, 

Fig. 6.41 

3. Fig. 6.42 shows a metre bridge (which is nothing but a 
practical Wheatstone bridge), consisting of two resistors X 
and Y together in parallel with a metre long constantan wire 
of uniform cross-section. 

Fig. 6.42 

With the help of a movable contact D, one can change the 
ratio of resistance of the two segments of the wire until a 
sensitive galvanometer G connected across B· and D shows 
no deflection. The null point is found to be at a distance of 
33.7 cm. The resistor Y is shunted by a resistance of 12 Q and 
the null point is found to shift by a distance of 18.2 cm. 
Determine the resistance of X and Y. 

4. The circuit shown in Fig, 6.43 shows the use of 
potentiometer to measure the internal resistance of a cell. 

E 
, 

Fig. 6.43 

a. When the key is open, how does the ba!ante point change, 
if the current from the driver cel! decreases? 

b. When key is closed, how does the balance point change, if 
R is increased, keeping the current from the driver cell 

. constant? 
5. Let V and I represent, respectively, the readings of the 

voltmeter and ammeter shown in Fig. 6.44, and let Rvand R/t 
be their equivalent resistances. Because of the resistances 
of the meters, the resistance R is not simply equal to V I I. 

: .' 
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6.14 Phy1ics for IlT·JEE: fiectricity and /II~gnetis(ll 

a. When the circuit is connected as shown in Fig.6.44 (a), 

V 
showthat U= -- R .... 

I 
Explain why the true resistance R is always less than VII. 

h When the connections are as shown in Fig. 6.46 (b) 

R, , R , R b , 
A r ,. 

-" 
.?\ v, 

~ 

R,. R,. 
(.) 

Fig. 6.44 

V 
show that R = -;--;:';-;-:;-: 

1-(VIRv ) 

h , 
A 

(b) 

Explain why the true resistance R is always greater than 
VII. 

c. Show that the power deli vered to the resislOr in part 
(i) is IV _/2 R" and that in pari (i i) is IV _-<V21 Rv)' 

6. You are given two resistors X and Ywhose resistances are to 
be determined using an ammeter of resistance 0.5 Q and a 
voltmeter of resistance 20 kQ . It is known that X is in the 
Fange of a few ohms, while Y is in the range of several 
thousand ohms. In each case, which of the following two 
connections (Fig. 6.45) would you choose for resistance 
measurement? Justify your answer quantitatively. [Hint: For 
each connection, determine the error in resistance 
measurement. The connection that corresponds to a smaller 
error (for a given range ofrcsistancc) is to be preferred.] 

(0) 

(» 

Fig. 6.45 

7. Fig. 6.46 shows a potentiometer with a cell o f 2.0 V and 
internal resis tance 0.4 {} maintaining a potential drop across 
the resistor wire AB. 'A standard cell which maintains a 
constant e.m.f. of .I .02 V (for very moderate currents upto a 
few J.lA) gives a balance point at 67.3 em length of the wire. 
To ensure very low current is drawn from the standard cell, a 
very high resistance of600k Q is put in series with it, which 
is ' sh~rted close to the balance point. The standard cell is 

then replaced by a cell of unknown e.m.f. and. the balance 
point found Simi larly turns out to be at 82.3 cm length of the 
wire. 

,_--..'-2V,,- ,_"',,AMa_-+-

AII------~~- B 

600Hl 

Fig. 6.46 

n. What is the value of e? 
h What purpose does the high resistance of 600 kO have? 
c. Is the balance point affected by this high resistance? 
d Is the balance point affected by internal resistance ohhe 

driver cell? 
c. Would the method work in the above situation ifthedriver 

cell of the potentiometer had an e.mJ. of 1.0 V instead of 
2.0V? 

r. Wou ld the circuit work well fordetennining an extremely 
small e.m.r.. say of the order of a few m V (such as the 
typical e.m.f. of a thermocouple)? If not, how will you 
modify the circuit? 

8. A 5 wi re potentiometer is connected to a storage cell of 
steady e.m. f. 2 V and L 0 resistance. A primary cell is 
balanced against 3.5 of it. What resistance will be required in 
series with the storage cell to push the null point to the 
centre of the last wire, 4.5 m? (The wire has 3 0 resistance 
per meter). 

9. In a meter bridge circuit. the two resistances in the gap are 5 
nand 10 n. The wire resistance is 5 n. The e.m.f. ofthece!L 
connected at the ends of wire is 5 V. and its internal 
resistance. is 10 Q. What current will flow through the 
galvanometer of resistance 30 n if the contact is made at the 
mid.point of wire ? 

y.''--_ !i ___ --Y B 

5V , - Ion 

Fig. 6.47 
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" " _.-
10. In the given circuit, a meter bridge is shown in a balanced 

state. The bridge wire has a resistarlC"e of IQ/cm. Find the 
value of the unknown resistance X and the current drawn 
from the battery of negligible internal resistance. 

L-_-j~ >---_--1 
6V 

Fig. 6.48 

11. An experiment with a post office box, the ratio of arms are 
1000: 10. If the value of the third resistance is mil, find the 
unknown resistance. , 

~ 12. A voltmeter reads 5.0 Vat full scale deflection and is'graded 
/ ~ accqrding to its resistance per volt at full scale deflection as 
. . stXlO Q/V. How will you convert it into a voltmeter that reads 

20 Vat full scale deflection? Will it still be 'graded as 5000 n; 
V? Will you prefer this voltmeter to one that is graded as 

/ 

2fX1JOJV? • • 
13. A battery of e.m.f. 1.4 V and il1ternal resistance 2 n is 

connectd to a res istor of 100 n resistance through an 
ammeter. The resistance of the ammeter is 413 O. A voltmeter 

\ 
has also been connected to find 'the potential difference 
across the resistor. • (1) Draw the circuit diagram. 
(II) The ammeter reads 0.02 A. What is the resistance of the 

voltmeter? 
(iii) The voltmeter reads 1.1 V. What is the error in the reading? 

14. Fig.6.49 shows a potentiometer circuit for comparison of 
two resistances. The balance point with a standard resistor 
R = 10.0 n is found to be 58 .3 cm, while that with the 
unknown resistance X is 68.5 cm. Determine the value of X. 
What would you do if you fail to find a balance point with 
I.he given cell E? 

, / 
I' -I. 

A , 

~ 
, 

'" @ 
" 

, 
" • 

R X I E ,-
Fig. 6.49 

15. A potentiometer wire has a length of 10 cm and resistance 
4 n. An accumulator of e.m. f. 2 V and a resistance box. are 
connected in series with it. Calculate the resistance to be 
introduced in the box. so as to get a potential gradient of 
(i) 0.1 Vim and (ii)0. 1 mVim. 

16. Fig. 6.50 shows a 2.0 V potentiometer used for the 
determination of internal resistance of a 1.5 V cell . The 

_ balance point of the cell in open circu it is 76.3 COl. When a 

ElectriciI.t MU$uring Instluments 6.15 

·resistor of9.5 Q is used in the external circuit of the edl, the 
balance point shifts to 64.8 cm length o f the potentiomcter 
wire. Determine the intemal resistance of the cel l. 

2.0V 

-, 
U V @ 

-, , 
, ' 
: 9.s n : 
.- - -J..NoN'v - - --' 

, 

Fig. 6.50 

G 

Objective Type SolutiollS OlllJllKt 6.26 

1. How will the reading in the ammeter A of Fig. 6.5 1 be affected 
if another identical bulb Q is connected in parallel to P as 
shown. The voltage in the mains is maintained at a const"nt 
value. 

A 

.Mains p Q 

Fig. 6.51 

a. The reading wiiJ'bc reduced to olle-half 
b. The reading will not be affected 
c. The reading will be double of tile previous one 
d The reading will be increased four·fold 

2. A potentiometer is connected across A and Band il balance 
is obtained at 64.0 cm. When potentiometer lead 10 8 is 
moved to C, a balance is found at 8.0 cm. If the potentio
meter is now conne,,",ed across Band C, a balance will be 
found at 

a. 8.0cm 
c.64.0cm 

.-< 1 ~'j >----0 
A ~ c 

Fig. 6.52 

h 56.0 cm 
d 72.0cm 

3. In the circuit shown in Fig. 6.53, the reading of the ilmmeter 
is (assume internal resistance of the battery be zero) 

H' 

Fig. 6.53 

.... 
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6.16 Physics for IIT·JEE: Electricity a nd Magnetism 

a. 40 A 
29 
5 

Co - A 
3 

b. ) 0 A 
9 

d2A 

4. In the circuit shown in Fig. 6.54, resistors Xand Y, each with 
resistance R, are connected to a 6 V battery of negligible 
internal resistance. A voltmeter, also of resistance R, is 
connected across Y. 

x 

y 

Fig. 6.54 

o vol.lmeter 
.y resIstOrs R 

What is the reading of the voltmeter? 
a. uro h. between zero and 3 V 
c. 3 V d. between 3 V and 6 V 

S. In the circuit shown in Fig 6.55. of P* R and the reading of 
the galvanometer is same with switch S open or closed, then 

.' 
y 

Flg.6.SS 

c.lQ= l o d lQ = IR 

6. In the shown arrangement of the experiment of a meter 
bridge, if AC .corresponding to null deflection of galvano
meter isx, wh(l t would be its value if the radius of the wireAB 
is doubled ? 

a x 
c. 4x 

q l----~ 

R, R, 

A_x __ C 

Fig. 6.56 

b. xl4 
d. 2x 

B 

7. The length of a wire .of a potentiometer is 100 em, and the 
e.m.f. of its standard cell is E volt. It is employed to measure 
the .e.mJ. of a battery whose interval resistance is 0.5 n. If 
the balance point is obtained at I = 30 em from the positive 
end, e. m."r. of the battery is (AIEEE,20(3) 

30 E b. 30 E a - -
100 100:5 

30 £ 
d 

30 (£ - 0.51) 
c. 

(100 0.5) 100 

where i is the current in the potentiometer wire. 
8. In a metre bridge experiment, null point is obtained at 20 em 

from one end of the wire when resistance X is balanced 
against another resistance Y. If X <Y, then where will be the 
new position of the null point from the same end, jf one 
decides to balance a resistance of 4X against Y! 

n. 50cm 
c. 40cm 

b. 80cm 
d 70cm 

(AIEEE,2004) 

9. In the circuit shown in Fig. 6.57, the galvanometer G shows 
zero deflection. If the batteries A and B have negligible 
internal reSistance, the value of the resistor R will be 

a. 10000 
c. 100 0 

. ' . (AIEEE,200S) 

Fig. 6:57 

n soon 
~200n 

10. In a potentiometer experiment, the balancing with a cell is at 
length 240 cm. On shunting the cell with a resistance of 
2 0 , the balancing length becomes 120 cm. The internal 
resistance of the cell is (AIEEE,200S) 
a.2n b.4n 
c. 0.5 d 10. 

11. If in the experiment of Wheatstone's bridge, the positions 
of cells and galvanometer are interchanged, then balance 
points will 
a. change 
b. remain unchanged 
c. depend on the internal resistance of the cell and resistance 

of the galvanometer 
d none o f lhese 

12. Sensiti vity of potentiometer can be increased by 
a. increasing the e.m.£. of the cell 
b. increasing the length of the potentiometer 
c. decreasing the length of the potentiometer wire 
d none of the above 

13. The length o f a wire of a potentiometer is 100 cm, and the 
e.m.f. of ils s tandard celljs E volt. It is employed to measure 
the e.m.f. of a battery whose internal resistance is 0.5 n. If 
the balance point is obtained at I = 30 cm from the positive 
end, then e.m.f. of the battery is . 

a .".,,,30"£7--= 
(100 - 0.5) 

n 30(£ - 0.5;) 
100 

wire 

where i is the current in the potentiometer 
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e. 
30£ 
100 

d 
30£ 
100.5 

14. When a 12 Q resistor is connected wilh a moving coil 
galvanometer then its deflection reduces from 50 divisions 
to 10 divisions. The resistance of the galvanometer is 
a. 240 b. 360: 
c. 480 d 60.0. 

15. The resistance a galvanometer is 10 n, It gives full-scale 
deflection when 1 rnA current is passed. The resistance 
connected-in series for converting it into a voltmeter of 
2.5 volts will be 
a. 24.9 n 
c. 2490 n 

b. 249 n 
d. 24900 n 

16. An ammeter of resistance 0.2.Q reacting upto 10 rnA is to 
be used to read upto 1 V potential difference. We have to 
connect 
a. 99.8 n resistance in series 
h 99.8 n resistance in parallel 
c. 0.1 n resistance in parallel 
d 0.1 n resistance in series 

17. A milliammeter of range 10 rnA has a coi l af resistance 1 n. 
To use it as an ammeter of range lA, the required shunt 
must have a resistance of 

1 
a - n 

101 

1 
c. -Q 

99 

h _1_n 
100 

d .!.Q 
9 

18. To use the milliammeter of the previous question as a 
voltmeter of range 10 V, a resistance R is placed in series with 
it. The value of R is 
a.9Q b. 99 Q 
c. 999 Q d. 1000 Q 

19. Two cells of e.m.fs El and E2 (E I > E2) are connected as 
shown in Fig. 6.58 

A B C 

~--~IIr---~'---4I r--
El £2 

Fig. 6.58 

When a potentiometer is connected between A and B, the 
balancing length of the potentiometer wire is 300 cm. On 
connecting same potentiometer between A and C. the 

balancing length is 100 cm. The ratio .!!l is 
£, 

a.3: 1 b.I:3 
c.2:3 d. 3:2 

20. Fig. 6.59 shows a Wheatstone's net, with P :::: 1000 Q, 
Q:::: 10.0 Q, R (unknown), S variable and near 150 Q for 
balance. If the connections across A, C and B, Dare 
interchanged, the error range in R determination would 

Electrical Measuring Instruments 6.17 

D 

Fig. 6.59 

a. remain unaffected h increases substantial!y 
c. increase marginally d. decreases substantially 

21. An ideal ammeter (zero resistance) and an ideal voltmeter 
(infinite resistance) are connected as shown in Fig. 6.60. The 
ammeter and voltmeter readings are 

50 -0-- lr--- f!'-"V)--I 

1.25 n 

150 

20V 
L-_ _ _ ,I >-------------' 

a. 6.25 A, 3.75 V 
c. 3.00 A, 3.75 V 

lrig.6.60 

h 3.ooA,5V 
d. 6.00 A, 6.25 V 

22. A constant 60 V d.c. supply is connected across two resistors 
of resistance 400 kQ and 200 kQ. What is the reading of the 
voltmeter, also of resistance 200 kQ, when connected across 
the second resistor as shown in the Fig. 6.61? 

60V 
d.c. supply 

,-------<.V >-------1 
200 n 

400 n 200 n 

Fig. 6.61 

a. 12V h 15V 
c.20V d.30V 

23. Fig. 6.61 shows a circuit which may be used to compare the 
resistance R of an unknown resistor with a J 00 Q standard. 
The dis tances I from one end of the potentiometer slider 
wire to the balance point are 400 mm and 588 mm when X is 
connected to Yand Z, respectively. The length of the slide
wire is 1.00 m. What is the value of resistance R? 
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6.18 Physics for IIT·JEE: Electricity and Magnetism 

a. 320: 
c. 680: 

x 

loon y R Z 

Fig. 6.61 

b. 470: 
d. 1470: 

24. In the circuit shown in Fig\ 6.62, an idcal ammeter and an 
ideal voltammcter are used. When key is open, the voltmeter 
reads 1.53 V. When the key is closed, the ammeter reads 
L.O A and the voltmeter reads 1.03 V. The resistance R is 

a. 0.50: 
c. 1.530: 

R " ,-"f.II.Iv---{A 

v 

Fig. 6.62 

b. 1.03 n 
d. 0.530 

25. In which one of the following arrangements ofresistors does 
the meter M, which has a rcsistance of2 0, give the largest 
rcading whcn the samc potential difference is applied 
between points P and Q? 

10 In 

•. P ~JV>M--WVv---{M Q 

10 

b. P M Q 

20 

,n 

<. pO EJ oQ 

2n 

d. p 0 

I 3 Q 

Fig. 6.63' 

26. Fig. 6.64 shows a simple potcntiometer circuit for measuring a 
small e.m.f. produced by a thermocouple. 

2.00 V Driver cell R 

0.600 m 
~. ;JQ p , 

Thermocouple 

Fig. 6.65 

The metre wire PQ has a resistance of 5 0: and the drivcr cell 
has an e.mJ. of 2.00 V. If a balance point is obtained 
0.600 m along PQ when measuring an e.mJ. of 6.00 mY, what 
is the value of resistance R? 
a. 95n b. 995n 

d 19950 c.195n 
27. Fig. 6.66 shows a balanced Wheatstone's net. Now, it is 

disturbed by changing P to 1 t n. Which of the following 
steps will not bring the bridge to balarice again? 

p= 10 n Q = 100 0 

R=20n ~ S=200n 

Fig. 6.66 

a. Increasing R by 2 0: 
b. Increasing S by 20 0 
c. Increasing Q by 100 . 
d Making product RQ = 2200 (Q)2 

28. In the circuit (Fig. 6.67), the ammeter reading is zero. What is 
the value of the resistance R? 

r--"~tI " 
12V 2V 

500n R 

Fig. 6.67 

a. 50n b. lOOn 
c.200n d 400n 

29. In the above circuil, in which of the following cases, the 
reading of the ammeter will change if the ammeter resistance G 
is changed? 
a. G=500 b. G=I000 
c. G=500n d None of these 

30. In an experiment to measure the internal resistance of a ceU, 
by a potentiometer, it is found that the balance point is at a 
length of 2 m when the cell is shunted by a 5 n resistance 
and is at a length of 3 m when the cell is shunted by a Ion 
resistance, the internal resistance of the cell is then 
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a. 1.5 0. 
c. IS O. 

h IOn 
din 

31. When an ammeter of negligible internal resistance is inserted 
in series with circuit , it reads I A. When the voltmeter of very 
large resistance is connected across RI , it reads 3 Y. But 
when the points A and B are short circuited by a conducting 
wire then the voltmeter measures, 10.5 V across the battery. 
The internal resistance of the battery is equal to 

3 
a. -n 

7 
c.30 

R, 

A B 

e = 12 V 

Fig. 6.68 

d None of these 

32. When a voltmeter is connected across a 400 0 resistance, it 
reads 30 Y; when it is connected with 300 0 resistance, it will 
read 

a. JOV 
c. '}f)V 

,oon 

, 

Fig. 6.69 

v 

400 n 

30V 

b. 22.5 V 
d 25V 

33. An 80 n galvanometerdeflccts full scale for a potential of 20 
mY. A voltmeter defl ecting fu ll scale o f 5 Y is to be made 
using this galvanometer. We must connect 
a. a resistance of 19.92 kD: parallel to the galvanometer 
b . a resistance of 19.92 kD: in series with the galvanometer 
c. a resistance of 20 kQ parallel to the gal vanometer 
d . a resistance or 20 kQ in series with the galvanometer 

34. A D.C. milliammeter has a resistance of 12D: and gives a full 
scale deflection for a current of 0.0 I A. To convert it into a 
voltmeter giving a fu ll scale deflection of 3 Y, the resistance 
required to be put in series with the instrument is 

a.102Q b. 288 n 
c.300n d. 412 n 

35. A vollmeter having a resistance of 1800 n is employed to 
measure the potential di fference across 2000 resistance 
which is connected to D.C. power supply of 50 Y and internal 
resistance 20 O. What is the approximate percentage change 
in the p.d. across 200 D: resistance as a result of connecting 
the voltmctcr across it? 

a. 2.2% 

c.IO% 

Electrlca t Measuring Instruments 6.19 

50V 20n 

2000 

16000 

Fig. 6.70 

h 5% 

d 20% 
36. In the given circuit, the voltmeter and the electric cell are 

ideal. Find the reading of the voltmeter 

al V 

<.3V 

10 A 

B 

Fig. 6.71 

200 

1 0 

h 2V 

d None of these 

37. The e .m.f. of the driver cell ofa potentiometer is 2V and its 
internal resistance is negligible. The length of the potentio
meter wire is 100 cm and resistance is 5 O. How much 
resistance is to be connected in series with the potentiometer 
wire to have a potential gradient of 0.05 mY/em? 
a.19900 b.2000 0 
e. 19950 d. None of these 

38. In the above question, if the balancing length for a cell of 
e.m.f. Eis 60 em, the value of Ewill be 

a. 3 mV b. 5 mV 
c. 6mV d 2000 0 

39. A, Band C are voltmeters of resistance R, I.5R and 3R, 
respectivcly. When some potential difference is applied 
between X and Y, the voltmeter readings are Vii' VIJ and V c ' 
respectively. Then 

a. V .... = Vo= Vc 

c. V,, =Vl,litVC 

Fig. 6.71 

h VAcF-VB=VC 
d VscF-V,,=Vc 

40, A milliammetcrof range 10 mAand resistance 90 isjoined in 
a c ircuit as shown in Fig. 6.72. The meter gives fu ll·scale 
deflection for currell! I when A and B are used as its 
terminals, if current enters at A and leaves at B (C is left 
isolated), the value of I is 
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6.20 Physics for IIT·JEE: Electricity and Magnetism 

a. lOO.rnA 
c.IA 

gO, lOrnA 

,-----{/}--~ 

0.1 n 0.90 

Fig. 6.72 

h900mA 
d 1.1 A 

41. A candidate connects a moving coil vol tmeter V, a moving 
coil ammeter A and a resistor R as shown in Fig. 6.73. Jfthe 
voltmeter reads 20 V and the ammeter reads 4 A, R is 

v , 
R 

, 
Fig. 6.73 

a. equal to 5 n 
b. gteater than 5 n 
c. less than 5 n 
d greater or less than 5 n depending upon its material 

42. If a shrint of l/toth of the coil resistance is applied to a 
moving.coil galvanometer, its sensitivity becomes 
a. tofold b. II fold 

1 . 
c_ - .fold 

10 
1 

d 11 fold 

43. Iii Fig. 6.74, when an ideal voltmeter is connected across 
4000 n'~resistartce. it reads 30 V. If the voltmeter is connected 
acro'Ss 3000 n resistance, it Will read 

8. 20V 
c. 35V 

~~' II':---~ 
EVelt. rn 

4000n 30000; 

v 
Fig. 6.73 

h 22.5V 
d 40V 

44. In the given circuit, A and V are ideal ammeter and ideal 
voltmeter. The voltmeter reading will be 

7V 

':iJf---~ 

30 40 

Fig. 6.74 

a 2V 
c.5V 

h 3V 
d zero 

45. A :voltmeter has a resistance of G ohm and range Vvolt. The 
value of resistance used in series to convert it into voltmeter 
of range n V volt is 
anG 
c. Gin 

b. (n-l)G 

d G/(n-l) 
46. A galvanometer has a resistance of 3663 n. A shunt S is 

connected across it such that (1134) of the total current 
passes through the galvanometer. The value of the shunt is 
a 3663n h Illn 
c. I07.7ll d 3555.3 n 

47. In Q,46 the 'combined resistance of the shunt and the 
galvanometer is 

a. 3665n 
c. 107.7n 

h Illn 
d 3555.3n 

48. In Q,46. the external resistance which must be connected in 
series with the main circuit so that the total current in the 
main circuit remains unaltered even when the galvanometer 
is -shunted is 

a. 3663n h IlIll 
c. 107.7n d 3555.3n 

49. 1\vo moving coil galvanometers I and 2 are with identical 
field magnets an.d suspension torque constants, but with 
coil of different number of turns, NI and N2• area per turnA I 
and A2 and resistance RI and R2. When they are connected 
in series in the same circuit. they show deflections 091 and B;; 
Then (091/092) is 

a. (AI NI/A2 Nz) h (AI N2IA2N I ), 

C. (AIR1NI/AzR2N2) d (AIRINI/A2R2Nz) 

50. An ammeter is obtained by shunting a 30 II galvanometer 
with a 30 n resistance. What additional shunt should be 
connected across it to doubl~ the range? 
a. 15n b. IOn 
c.5n 

MUltiple Correct 
Answers Type 

" 

d None of these 

, ,,-i. 

Solutions ori page 6.30 

1. Which of the following statements is/are correct for 
potentiometer circuit? 
a. Sensitivity- varies inversely with the length of the 

potentio,meter wire 
b. Sensitivity is directly proportional to the potential 

difference applied across the potentiometer wire 
I c. Accuracy of a potemiometer can be increased only by 

increasing the length of wire 
d Range depends upon the potential -difference applied 

across the potentiometer wire 
2. A voltmeter reads the potential differe~ce across the 

terminals of an old battery as 1,40 V whi le a potentiometer 
reads its voltage to be 1.55 V. The voltmeter resistance is 280 n. 
Then _ 
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a. the e.m.f. of the battery is 1.4 V 
h the e.m.f. of the battery is 1.55 V 
c. the internal resistance r of the battery is 30 .0 
d the internal resistance r of the battery is 5 .0 

3. A circuit has an equivalent resistance Ro. A voltmeter of 
resistance Rv is applied across the circuit to measure the 
potential drop across Ro. The new equivalent resistance of 
tb.e circuit is 

c. Ro+Rv 

h 
RORy 

Ro +Ry 

d Data insufficient 

4. In the circuit shown in Fig .. 6.79, the cell is ideal with e.m.f. 9 
V. If the resistance of the coil of galvanometer is I .0, then 

c 

D 

9V 

Fig. 6.75 

a. No current flows in the galvanometer 
b. Charge flowing through 8 JlF is 40)lC 
c. Potential difference across 10)lF is 5 V 
d Potential difference across 10)lF is 4 V 

5. An ammeter has a resistance of 50 .0 and a full scale 
deflection current 50).LA. It can be used as a voltmeter or as 
a higher range ammeter provided that a resistance is added 
to it. Which of the following 'is/are true? 
a. 10 V range with approximately 200 k.Q resistance in series 
b. 30 V range with approximately 200 k.Q resistance in series 
c. I rnA range with 50.0 resistance in parallel 
d 0.1 rnA range with 50.0 resistance in parallel 

6. Fig. 6.76 shows a balanced Wheatstone's bridge 

R=5Q D Q,,;50n 

----'- , I-"-
s= 100 p=lOon 

B --

G 

Fig. 6.76 

a. If P is slightly increased, the current in the galvanometer 
flows from C to A 

b. If P is slightly increased, the current in the galvanometer 
flows fromA to C 

Electrical Measuring Instruments 6.21 

c. If Q is slightly increased, the current in the galvanometer 
flows from CtoA 

d If Q is slightly increased, the current in the galvanometer 
flows from A to C 

'c 

,[ , , , 
Asserti on-Reasoning 
Type Solutions on page 6.31 . . 

In the following questions, each question contains STATEMENT I 
(Assertion) and STATEMENT II (Reason). Each question has 
four choices a, b, c and d out of which ONLY ONE is correct. 

a. Statement I is True, Statement II is True; Statement II is a 
correct explanation for Statement I. '. 

h Statement I is True, Statement II is True; Statement II is NOT 
a correct explanation for Statement I. 

c. Statement I is True, Statement II is False. 

d Statement I is False, Statement II is True. 
1. Statement I: A potentiometer is preferred over a voltmeter 

for measurement of e.mJ. of a cell. 
Statement II: A potentiometer is preferred, as it does not 
draw any current from the cell. 

2. Statement I: The wire of a potentiometer should be of 
uniform area of cross-section. 
Statement II: It satisfies the requirement of the principle of a 
potentiometer. 

3. Statement I: In a shunted galvanometer, only, 10% of current 
is passing through the galvanometer. The resistor of the 

galvanometer is G. Then the resistance of the shunt is ~ . 
Statement II: If S is the resistance of the shunt, then voltage 
across Sand G is same. 

4. Statement I: To increase the range of a voltmeter of 
resistance R to n times, its resistance should be increased 
by (n - 1) times. 
Statement II: The range of a voltmeter can be increased by 
connecting a low resistance in series with it. 

5. Statement I: Higher the range greater is the resistance of an 
ammeter. 
Statement II: To increase the range of an ammeter additional 
shunt is needed to be used across it. 

6. Statement I: The resistance of an ideal voltmeter should be 
infinite. 
Statement II: Lower resistance of voltmeters gives a rending 
lower than the actual potential difference across the tenninals. 

7. Statement I: Voltmeter always gives e.m.f. of a cell if it is 
connected across the terminals of a cell. 

Statement II: Terminal potential of a cell is given by 
V=E-ir 

8. Statement I : The e.m.f. of the driver celJ in the potenti
ometer experiment should be greater than the e.mJ. of the 
cell to be determined. 

Statement II: The fall of potential across the poteniiometer 
wire should not be less than the e.m.f. of the cell to be 
determined. 
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15.22 Physics for IIT-J EE; Etectritity l nd Magnetism 

9. Statement I: Potential measured by a voltmeter across a 
wire is always less than the actual potential difference 
across it. 
Statement II: Finite resistance of voltmeter changes current 
flowing through the resistance across which potential 
difference is to be measured . 

10. Statement I: In a melTe bridgeexperimem, a high resistance is 
always connected in series with a galvanometer. 

Staterne'.1! II: As resistance increases, current through the 
ci rcuit increases. 

Comprehension 
Type 

For Problems 1-3 
" " 

{I! 

. >, .• ,' 
Solutions on page 6.31 ,.,,, ... ' .' 

A battery is connected to a potentiometer and a balance point is 
obtained at 84 cm along the wire. When its terminals arc 
connected by a 5 n resistor, the balance point changes to 70 cm. 

1. Calculate the internal resistance of the cell. 
a40 b. 20 c.5 Q dIn 

2. Find the new position of the balance point when 5 Qresis tor 
is changed by 4 Q resistor. 
a 26.5cm b. 52 cm c. 67.2cm d 83.3 cm 

3. How can we make a galvanometer with R~ :::: 20.0 nand 
I" "" 0.00 100 A into a voltmeter with a maximum range of I 0.0 
V? 
a. By adding a resistance 9980 0 in parallel with the 
• galvanometer 

h By adding a res istance 9980 0 in series with the 
galvanometer 

c. By adding a resistance 8890 0 in parallel with the 
galvanometer 

d By adding a resistance 8890 0 in series with the 
galvanometer 

For Problems 4 - 5 
A banery of e.m.f. 1.4 V and internal resistance 2 n is connected 
to a 100 0 resistor through an ammeter. The resistance of the 
ammeter is 4/3 Q . A voltmeter is also connected to find the 
potential difference across the resistor. 

4. The ammeter reads 0 .02A. What is the resis tance o f the 
voltmeter? 

a 400 n 
c.2OO)0 

h 200n 

d 300n 
S. The voltmeter reads i .IOY. What is. the error in the reading ? 

a 0.12V b. 0.S2V 

c. 0.35V d 0.23 V 

For Problems 6-7 

A cell of e.m.f. 3.4 V and internal resistance 3 0 is connected to an 
ammeter having resistance 2 0 and to an external resistance of 
100 0 . When a voltmeter isconnc<:ted across the 100 0 resistance, 
the ammeter rcading is 0.04 A. 

6. Find the resistance of the vol tmeter. 

a 4000 
c.3000 

h 200n 

d soon 
7. Had the voltmeter been nn ideal one,.what would have been 

its reading? 
a 7.2V 
c.o.5V 

For Problems 8-11 

b. 1.8V 
d 3.24V 

A galvanometer (coi.1 resistance 99 0) is converted into an 
ammeter using a shunt of I 0 and connected as shown in 
Fig. 6 .77(a). The ammeter reads 3 A. The same galvanometer is 
converted into a voltmeter by connecting a resistance as shown 
in Fig. 6.77(b). Its reading is found to be 4/5 of the full scale reading. 

12V , , 
, 

2n 
, )---_ ..J 

,.) ~) 

Fig. 6.77 

8. Find the internal resistance of the cell (r). 
a. 2.01 W b. 1.01 W c.3.15W d 5.02 W 

9. Find range of the ammeter. 
a.2A h 3 A c.4A d5A 

10. Voltmeter reading is 
a 9.95 V h7.95V c. 9.75V d 8.75 V 

11. Find full- scale deflection current of the galvanometer . 
a 0.12 A h 0.5 A c. O.l5A d 0.05 A 

For Problems 12-14 
In the connection shown in Fig. 6.78 initially switch K is open and 
the capacitor is uncharged . Then the switch is closed and the 
capacitor is charged up to the steady state and the swi tch is 
opened again. Determine the values indicated by the ammeter. 
(Given: Vo=30 V, R! = IOkO, Rz :::: SkO] 

c 

R, 

? '----j >--~ -~ 

Fig. 6.78 

12. Just after closing the switch 
a 2mA b. 3mA 
c.OmA d None of these 

13. A long time after the switch was closed 
a. 2 mA .h 3 mA 
c. 6 rnA d None of these 

14. Just after reopening the switch 
a 2mA h 3 mA 
c. 6 mA d None of these 
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fo1atching 
Column Type SolutiOlls 011 page 6.33 , 
1. In the circuit shown in Fig. 6.83, battery, ammeter and 

voltmeter are ideal and the switch S is initially closed as 
shown. When switch S is opened, match the 'parameters of 
column 1 with the effects in column II 

R R 

v'}----'_----;,_-j 

'-----11---{ , 

F~g. 6.78 

Column! , ;, C.lurnnIl 

i. Equivalentresistance q ... / a. remains same 
across the battery t ..... f 

flec trical MeasLlring Ins truments 6.23 

ii. Power dissipaled by 
left resistance R 

Iii. Voltmeter reading 
iv. Ammeterreading 

2. In a pOlcnliomelcrexperiment: 

Column! 

i. Deflection of galvano-
meter is in same direction 
at the two ends of the wire. 

ii. A protective' resistance 
added in series to the 

, galvanometer 
lfl;l iii. A short wire is used as 

a potentiometer ,I ,1\.' 

iv. more length of potentio-
meter up to null point 

b. increases 

c. decreases 
d. becomes zero 

. 
Columnn 

a. A~uracy in measure-
. men! increases ' 

b. Accuracy in measure· 
ment 'decri ases ... 

< , . ' / •• ; , , 

c. e:m.f. of the battery in 
the primary dil-cuit is less 
than the e.mJ. of the cell 
to be measured 

d Uncertainty in the 
location of balance· 
point increases. , ,. 

ANSWERS AND SOLUTIONS 

Subjective Type i). .- \11 

1. a. When Ihe jockey is not connected. 

Resistance per unit length: 

IS , 
.1= -Q/cm 

600 

Let l be the length when we get zero deflection. 

(
E) E E 15r '2 = (Al) 2' = j6"; x 600 x t 

=> t = 320cm 

b. Let potential atA is zero 

Then apply Kirchhoff's first Jaw 

x -~ -O 
x - O + 2 + (x - e-O) = 0 => 
14r r 2r 

14E 
x=-

22 

_! (14E) _! 
x 2 22 2 3e 

1= - - = = ' r r 22r 

(i) 

, 

"' , 
;f Y x - rJ2 

Fig. 6. 79 
Alternatively: 

When t = 500 cm 

r' = (560) x ~ 
600 

r' = 14r 

Using KVL in loop ( I ) 

E - / ]x 14r-lr - l r =0 

And in loop (2) 
E 

-/]14r + (I - /\)r +- = 0 
2 

E , 

.. , 
I, e:..J --" 
E 

, (I-I) 

Fig. 6.80 

, 

(0 

(ii) 

1 

Q., , 
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6.24 Physics for IIT-JEE: Electricity and Magnetism 

Solving equations (i) and (iI) we have 

(30x/l r-E) = (E-1411r) 

2E 
II = 44r 

_....£. 1 - 4E 
II - 22r and - 22r 

So current in the galvanometer 

4E E 
Branch = (1-I!)= ---

22r 22r 

1= 3E 
Il 22r 

2. Let Rv be resistance of the voltmeter. The equivalent 
resistance of voltmeter and 100 V resistance 

R'= 
IOORv 

100+ R v 

Net resistance of circuit, 

100Rv 
=R'+3+2= +5 

rO+Rv 
Current in circuit, 

1= _E_ = --,;;,,3"'.4'---_ 
Rnel I DORv + 5 

100 + Rv 

But 1= O.04A, 
_=;'.;3c'.4 _ _ 

:.0.04= IOORv +5 

Solving we get, 

Rv = 400.0. 

Reading of voltmeter, 

Loo + Rv 

V= iR'=O.04x lOORy =0.04x IOOx400 
100 + Rv 100 + 400 

= 0.04xSO=3.2V 

Ideal voltmeter has infinite resistance. In that case net 
resistance of circuit, R' net = 100 + 3 + 2 = 105 .0. 

Current i' = ....£. = 2:i A 
Rn~, 105 

New voltmeter reading v' = i'xR = 2:i x 100 = 3.24 V 
105 

3. As the wire is of uniform cross-section, hence the resistances 
of the two segments AD and DC of the wire are in the ratio 
of the lengths of AD and DC. 

According to the condition of balance of Wheatstone's 

bridge, ~=~ 
Y f, 

Herd l = 33.7 em and t'2 = 100- 33.7 = 66.3 em 

.' 

X 33.7 -=--
Y 66.3 

(i) . 

As resistance Y is due to a parallel combination of resistance 
Yand a resistance of 12 .0., hence 

1 1 I 12 + Y , 12Y 
-= -+-=-- or Y =--
Y' Y 12 12Y .l2+Y 

Since y' is less than Y, hence the ratio XIYwill be greater than 
XIY and the null point should shift towards end C. 

X 33.7 + IS.2 51.9 
-= = 
Y' 66.3-1S.2 4S.1 

X (12 + Y) 51.9 

12Y 48.1 

12+Y= 51.9 XI2X!.= 51.9 x12x 66.3 
48.1 X 4S.1 33.7 

= ,25.47.0. 

Y= 25.47 -12= 13.47 n 
Putting this value in equation (i), 

33.7 33.7 34 68 A X= --xY=--x1 .7= .5u 
66.3 66.3 . 

4. a. Current in wireAB,I= 2125 =O.OS A 
PD. acrossAB= O.OS x20= 1.6 V 

Potential gradient = PD.!length 

= 1.6 1200 =O.OOSV cm-J 

h Current in secondary circuit 

5. a 

= e.m.f.ltotal resistance 

= 3/(2.4 + 0.6) = 1.0 A 

Current through 0.6 n resistance = 1.0 A 

P.O. between A and a 
= P.O. across 2.4 W resistance 

= 1.0x2.4=2.4 V 

Length AO = P.D.! Potential gradient 

=2.4 V 10.OOS V cm -J = 75 .cm 

V 
R=--R/t. 

I 

The true resistance R is always less than the reading 
because in the circuit the ammeter's resistance causes the 
current to be less than the actual. Thus the smaller current 
requires the resistance R to be calculated larger than what it 
should be. 

1= ~ +~ => R= VRy =-:---'cV=_ 
R Rv IRv-V I-VIRv 

Now the current measured is greater than that through the 
resistor, so R = V /1 R is always greater than V II. 

c. (i) P=/2R=/2(VlI-R/t)=IV-1 2R/t' 

(ti) P=V'IR=V(l-VlR,)~/v-V'IR,. 
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6. For X, use (b); for Yuse (b). 

Voltage drop across resistance anrj ammeter will be in the 
ratio of their resistances. 

Arrangement (a) is preferred for Y, whose resistance is large 
as compared to ammeter resistance. 

Arrangement (b) is preferred for X, whose resistance is not 
too large as compared to ammeter resistance. Voltage drop 
across the ammeter will be an appreciable fraction of that 
across the resistance and must be excluded. 

e £ 
7. a. By fonnula, --- = - - -

c standard (st~!ldard 

c= ex C'tan<.lard = 82.3 x 1.02 = 1.2474 V 

('tandard 67.3 

b. To reduce the current through the galvanometer when the 
movable contact is far from the balance point. 

c.No. 

d:No. 

e. No. If C is greater than the emf of the driver cell of the 
potentiometer, there will be no balance point on the wire 
AB. 

f. The circuit, as it is, would be unsuitable, because the 
balance point (for e of the order of a few m V) will be very 
close to the end A and the percentage error in measurement 
will be very large. The circuit is m,odified by putting a 
suitable resistor R in series with the wireAB so that potential 
drop across AB is only slightly greater than the e.m.f. to be 
measured. Then the balance point will be at larger length of 
the wire and the percentage error will be much smaller. 

8. This means you will not get the balancing point. 

. 2 I I 7 21 
1= 1+ 1S ='8' Ep =gX3X2"=16 

9. 

21. 9. 7 7 -= lx3x - I=--A= - A 
16 2' 24x3 12 

7 2 
- = -- => 
72 16+R 

(I) 

32 
R=-0=4.570 

7 

\ (2) 

A 

~)G=30n 
,/. B 

(3) (i) + ig) 

; 

Fig. 6.81 

The distribution of currents is shown in Fig. 6.86. Applying 
Kirchhoff's Jaw to closed mesh (I), (2) and (3), we have 

5(i - il) x 30i, - 2il 015i - 7il + 30i, = 0 (i) 

/ 

Electrical Measuring Instruments 

lOU - it - ig) - 2(i t + i2) - 30ill = 0 

lOi-!9i t -42ig =0 

2i[ + 2(i)+i2)+i = S 

4i[ + 211/ + i = S 
From equations (i) and (ii) 

i l = Slil/ 

From equations (ii) and (iii) 

131= 36il/+ IS 

6.25 

(ii) 

(iii) 

(iv) 

Substituting equation (iv) and (v) in equation (iii), we get 

i = ~A 
1/ 13S7 

• 

10. For the balanced bridge, the ratio of the two resistances is 
equal to the ratio of the lengths of the two paris Ai and iB of 

, the wire, i.e., 

X 40cm 
- -- or X=40 

60 60cm 

No current flows through the galvanometer G, the 
resistance of the parts Ai and iB are 40 tJ. and 60 0, 
respectively. If R be the equivalent resistance between the 
points A and B, then we have . 

I I I 
Ii = (X + 6)<1 + "(4"O--'+"60")-=-<1 

R= 10° 0 i = ~ = 6V =0.66A 
II ' R (10011)<1 

11. In the given case, the ratio arms are lOQR [0 

!.. = 1000 = 1OQ...
Q 10 

Third resistance, R = 999 V 

",' 

Let X be the unknown resistance. Then, 

P R 
-= - or 
Q X 

QXR=_I- X999 =9.990 
p 100 

12. Resistance per volt at full scale deflection = SOOO OV - 1 

Reading of voltmeter at full scale deflection = S V 

:. Resistance of voltmeter 

G= SOOOxS 

= 2S000 0 

Also current for maximum deflection, 

IV 
II/ = SOOOO = 0.0002 A 

Range of voltmeter to be changed to V = 20 V 

Now, 
V 20 

R= ~-G =---2S000 
1/1 0.0002 

== l OOOIXl-2S000=7S000 0 

Thus, 7S00 0 resistor is to be connected in series. 
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6.26 Physics for IIT-JEE: Electricity and Magnetism 

Resistance of20 V voltmeter 

= 75000+25000= 1,00,OOOn 

Its grading becomes = I~ = 5000 nv - I which is same 

as in the earlier case. A voltmeter with grading 2000 ny- I 
will have less resistance and is therefore not preferred. 

13. (i) The circuit diagram is shown. 

I AV 2Q 

Fig. 6.82 

(ii) Let resistance of the voltmeter be R ohm. The equivalent 
resistance of voltmeter (R ohm) and 100 n in parallel is , 

100 x R l00R 
= 

l00+R 100+R 

Resistance of the ammeter = ~ n. 

Total resistance of the circuit = lOOR +.± + 2Q 
100+R 3 

Current in the circuit as read by the ammeter = 0.02 A. 

Now, O'<X)2 = lOOR 1.:.± + 2 ( .. , I = *) 
100+R 3 

or R=200n 

:. Resistance of the voltmeter 

=200 Q 

lOOx 200 
(iii) Effective resistance between Band C = 

100+200 

= 200 n 
3 

The potential drop across this resistance = circuit 

200 200 4 
current x - = 0.02 x - = - V = 1.333 V 

3 3 3 

= .± V = 1.333 Y 
3 

Reading of the voltmeter = 1.1 Y 
Error in the reading of the voltmeter 

= 1.1- 1.333 = - 0.233 V 

14. For comparison of two resistances using potentiometer, we 
have, 

R2 £2 
Here, RI = R= IOn,R2= X 

£ = 58.3 em, (2 = 68.5 em 

x= IOX68.5 = 11.7Q 
58.3 

If there is no balance point. it means potential drop across 
R or X is greater than the potential drop across the 
potentiometer wire AB. The obvious thing to do is to reduce 
the current in the outside circuit (and hence potential drops 
across R and X) suitably by putting resistor. 

15. Let R be the resistance to be introduced in the box. Then 
current in the potentiometer wire is given by 

1 = _E_ 
R+t.p 

where p is the resistance per unit length of the wire and £ is 
the length of the wire. 
Now, potential gradient 

v= Ip=~ 
R+fp 

Here, £= 10m 

p=4 Q/m 

(i) For V= 0. 1 V/m~ we have 

2x4 8 
0.1= =--

R+lOx4 R+40 

or R="±'=40n 
0.1 

(ii)For V=0.lmY/m = 0.lxlO- 3 Y/m, 

- 3 2 x 4 
wehaveO.lxIO = R+IOx4 

0' 10-4 = _ 8_ 
R+40 

0' R = 79960Q. 

Note that as there is no current through the cell and 
galvanometer, battery E, internal resistance r and potentio
meter wire AB are in series. 

16. Internal resistance of a cell using potentiometer is given by, 

f -f 
r= RX-'--' 

Here R= 9.5Q 
fl = 76.3 em 
£2 = 64.8cm 

f, 

_ 9 < _76_.3",-,.,6,--4_.8 r_ .. 'x 
64.8 

Hence 

II.5 n 9.5 x-= 1.7 
64.8 

Objective Type 
" 

1. c. Resistance is halved. Current is doubled. 

2. h £10<:64 

EI -E20c 8 

£2= l 
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~ -"'-"f . ~ ~-'l~r 
, 

64-1= 8 or 1=64-8=56cm 
3. d. Voltage across 5 Q = iO V 

10 
[= -A = 2A 

5 
4. h. The circuit may be redrawn as follows: 

I I 

R 

6V 2 6V 

R R 

Fig. 6.83 

Current is given by I = ;- = ± A 
-R R 
2 

R 

.!. R 
2 

. 1 2 
:. Current through the voltmeter IS - or - A. 

2 R 

I 

6V 

Hence, the reading of the voltmeter is (~}R) or 2 V. 

.!.R 
2 

5. a. Since the opening or closing of the switch does not affect 
the current through G, it means that in both the cases there is 
no current passing through S. This means that potential at A 
is equal to potential at B and it is the case of balanced 
wheatstone bridge. Ip = IQ lR = IG and (a) is the correct 
option. 

6. a. At null point, !i = R3 = __ x_. If,radius of the wire is 
R2 R4 100 .... x 

doubled, then the resistance of AC will change and the 
. . R 

resistance of CB will also change. But since ---L does not 
R, 

change, so 
R 
~ should also not change at null ~oin t. 

Therefore point C does not change. 

7. a. Using the principle/of potentiometer, Voc l 

V 1 30 30F .. = " V=-E=-E=-. 
E L L 100 100 

8. 
X 20 1 

Y=4X a. ~= -= - " y 80 4 

4X 4X --- 0< - = --
y 100 - l 4X 100-[ 

0< 1 = 100- 1 " 2/= lOOcm 

0< l = 50cm 

12 
9. c. Current through R = 500 + R 

12R 
Voltage across R = 500 + R 

/ 
Electrical Measuring Instruments 6.27 

Since galvanometer shows zero deflection, 

= 12R = 2 
500+R 

0< 12R= 10CI0+2R 

0< IOR = lOOOorR= 1000 

10. a. r = 11 - {I R = 240 - 120 x 20=2.Q. 
(2 120 

11. b. When Wheatstone bridge is balanced, then 

P R P Q 
- =- or -=-
Q S R S 

If the galvanometer is replaced with a cell in balanced 
Wheatstone bridge, the condition for balanced bridge will 

be !.. = Q, which is there. 
R S 

Hence balance point will remain unchanged, where 
gal.vanometer shows no current. 

12. b. Sensitivity of potentiometer means the smallest potential 
difference it can measure. It can be increased by red.ucing 
the potential gradient. The same is possible by increasing 
the length of the potentiometer. .-

f' 30 
13. c.E'= ,£E = 100 E 

IS 
14. c.lg = S +G => 

50x 12 
10= 12 + G 

=> 12 + G= 60 => G=48.Q 

V 
15.c.ig = G+R => 

25 10-3 = -
lO + R 

i.e., 

16. a. 

0< 

17. c. 

18. c. 

R= 2490.Q 

V=lg(R+G) or 1=IOxIO-3(r+0.2) 

100= R+0.2, Le., R=99.8Q 

i8= IOmA=O.OIA 

r = 1.Q 

Fig. 6.84 

1= 1 A 

VA - VB = igr = (1- ig) S 

S= ~= O.Olxl = ~.Q 
U-ig ) 1-0.01 99 

ig = a.OlA 
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6.28 Physics for IIT-JEE: Electricity and Magnetism 

19. d. 

0' 

1-1 _ - - v'---I_ 1 

r = In 
V = (r+R)ig 

Fig. 6.85 

V=IO 

R= V -r= (...!Q.. - I)n=999n 
ig 0.01 

E] 0<: 30) 

E] - E2 0<:100 

E] =3 or E]=3E] - 3E2 
E] - E2 

E, 3 
- ~-

E, 2 

20. d. R is the order of 15,000 Q. The junctions of the highest two 
and the lowest two resistances are A and C, and for better 
sensitivity, the galvanometer will be between these. So, error 
will decrease with the suggested in!erchange. 

21. b. Total resistance = (5 x 15 + 1.25) 
5 +15 

= G~ + 1.25) 0 = (3.75 + 1.25)0 = 5 Q 

J= 20 A=4A 
5 

15 
Currentthrough5Q= 10X4A=3A 

Voltmeter reading 

= Potential drop across 1.25 n 
=4x1.15V =5V 

22. a. Effective resistance across the voltmeter = 2~ = 100 kn 

Total resistance across d.c. supply = 400 + 100 = 500 kO. 

100 
Thus the voltage across the voltmeter = -(60V) = 12 Y. 

500 
23. b. When X is connected to Y, the balance length 1 is 

proportional to the p.d. across the 100 n resistor. When X is 
connected to Z, the balance length is proportional to the p.d. 
across the 100 0 resistor and resistor R. Assuming that the 
current through the 1000 resistor and resistor R at balance 
is constant and unchanged when X is reconnected, it follows 

h . . 100 + R . 1 h 1 h ' t at resistor ratIO IS equa to t e engt ratw. 
100 

24. b. A careful analysis would show that the voltage along 
R is 1.03 V. 

L03= IxR or R=1.03n 

25. c. If V is the current difference applied across P and Q, the 
current through M is determined by 

Circuit Current 

(a) VIS -

(b) 3 VIS 
(e) V/2 

1 
(d) Vl3 

Hence, ClfCUlt arrangement (c) gives the largest reading in 
ammeterM. 

26. b. The voltage per unit length on the meter wire PQ is 

6.00mV or 10 mV 1m 
0.60m 

Hence, potential across the meter wire PQ is 10 m Vim (I m) 
= 10 mY. 
Current drawn from the driver cell, 

J= lOmV = 2mA 
50 

Resistance of the resistor R is 

lV -lOmV 
R = 

2mA 
1990mV = 995 n 

2mV 

27. b. !:.. = !!.. If P is increased then either P or Q should -be 
Q S 

increased or S should be decreased. 

28. b. The terminal potential difference across R due to 12 V . 
battery should be equal to 2V which is the e.m.f. of the cell in 
the loop containing the ammeter. 

So 
12 

12 - x 500=2 
500+R 

12x500 
10= 

500+R 

or 500+R= 60 or R= 100 n. 
29. d. Reading will remain zero, whatever may be the value of 

ammeter resistance. 

30. b. In case of internal resistance measurement by potentio
meter, 

Yt .t\ {ER]/(R]+r)} R](R2+r) 

V3 = e;= {ER2 /(R2 +r) } = R2 (R] +r) 

Here f] = 2m,f2,;,, 3m,R! = 50andR2 = IOn 

2 5(1O+r) 
~ 

3 1O(5+r) 
or 20+4r=30+3r 

or r= 100 

31. a. Here 1 = 
E 12 

Also, 

r + R] + R2 r+R] + R2 

r+RI +R2 = 12 

3=JR! or 3=lxR 1 

RI = 3n 

When points A and B are connected by a conducting wire, 
R2 is short circuited. 
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But 

lO.5 :::: !'R I or IO.S::::!'x3 

l':::: IO.S = 3.S A 
3 

10.5= E=l'r or IO.S :::: 12-·3.Sr 

Electric~l Measuring Inst ruments 6.29 

37. c. Let the series resistance = R 

." R 

r= ~=~n SQ 
3.S 7 

32. b. When a voltmeter is connected with 400 n resistance the 
potential difference = 30 V. Since, applied p.d. is equally 
shared between 300 n resistance and equivalent resistance 
(due to voltmeter and 400 Q resistance), equivalent 
resistance: 

400R 
4oo+R 

300 ~ R= \200 Q 

When voltmeter is connected across 300 Q resistance, then 

= 300x1200 =240n 
Req 1200 + 300 

V240 240 3 
-= -=-,V240 +V400 =60 
V400 400 S 

V 240 = (~)X60=22.SV 
33. b. The current through the galvanometer producing full scale 

deflection is 

1= ~=20xlO-3 =2.Sx l0-4A 
R 80 

To convert the galvanometer into a voltmeter, a high 
resistance is connected in series with the galvanometer 
.. S V = (2.S x 1O-4)(R + 80) 

R= 19.92k.D: 

34. b.Here, V:::: I(r+R) 
.. 3=/(l2+R) 

or 

35. a. 

3= 0.01 (12+R) or R=300-12=288Q 

V]=E-ir=SO - SO x20 
220 

Now, 

= SO-4.6 = 4S.4 V 

50 
V2 = SO- - x 20 = 44.4 V 

180 
. V -V2 

Percentage change = - '-- x 100 
V, 

question) 

= 2.27 (also see the 

36. a. The electric current through ideal voltmeter is zero. 
According to loop rule, 

E-I xI-I xl=O 
E 2 

~ l= -= - = IA 
2 2 

Reading of the voltmeter 

= Vr VB= [1 xJ]=[1 xl]= IV 

Fig. 6.86 

Then the current through potentiometer wire 
2x5 

P,D.across 100cm wire = --5 
R+ 

10 1 
P.O. on 1 cm wire = (r+S) x 100 

1 
= ='---=IO(R+5) 

10
3 

2000 
R+5= 10 x O.OS = 

R=2000 - 5=1995Q 
38. a. The value of E:::: Potential gradient x Length 

=0.05x60.3=3.015mV / / 

39.30 VA=iR 

40.c. 

VB = 2i :::: 23
i 

x l.SR=iR 

V c= (i/3)(3R) = iR 

A 

113 

Fig. 6.87 

ig = lOmA=O.OIA 

VA - VB = (/-i
8
)0.1 = ig 

10 x 0.01 
1= 1 A 

0.1 

C 
3R 

I 90 0.9Q 
• /}- -0.M-, 

0.1 Q 

A 

Fig. 6.88 

B 

41. h Let a current of x ampere passes through the voltmeter; 
then (4 - x) ampere passes through the resistance R. 
Therefore, voltmeter reading 

. 
20=(4 - x ) R 

20 
R= --,i.e.,R>S n 

4-x 
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6.30 Physics for IIT-JEE: Electricity and Magnetism 

!-<- S 
42. d. - --

1 S+G 

I, (GIlO) .. -= 
1 (GIlO)+G 11 

Initially, a[ = 811 g 

Finally, after the shunt is used, 
af= OIl 

af 8/1 18 1 
-= -- = - = ~ 

al 8118 I I I 

So, current sensitivity becomes /1 fold. 

43. b. Let I be the current in the circuit, then 
Ix4000= 30V 

A voltmeter is put across 30DO resistance 

30 
Ix3000= --x3000 =22.5V 

4000 

(I) 

(2) 

44. d. Ideal, ammeter has :t;ero resistance. So, potential drop 
across it =/RA = Ix 0 = 0 

45. h. We know thatR= ~ - C 
I, 

The voltmeter gives full-scale deflection for potential 
difference-V. Its resistance is O. 
Hence Ig = (VIC ) 

Given that V= nV 

nV 
R= -- - G=(n - l)G 

(VIC) . 

I g SIS 
46.b.-x-S-m34 =~S G 

I +0 ' + . 
S= (0133) = (3663J33) = II I Q 

SG IIx3663 
47. c.Rs= S + G = III x3663 - 1~7.70 

48. d. Compensation external resis tance 

SG 
=0- S+G =3663-107.7=3555.30 

k 
49.a.[= MEA 0 

Given that IJ = 12 

.. KO[ = K02 

So 

N[BA N2BA2 

~= A[N[ 
O2 ~N2 

1 
50. b. For ammeter, S = -'- x G 

1- [g 

0' 

~=-I'-m Q[~ -/l o I-Ig S Ig 

30 . I 
- = - -/or/ - 21 
30 I 8 , 

New range is doubled, i.e., 4/g 

Now shunt required, 

S= Ig .xG=100· 
4/g -Ig 

This can be obtained by shunting the earlier shunt of 30 0 
with an additional shunt of 100. 

Multiple Correct 
Answers Type 

1. a., b., c., d. 

1 
Sensitivity 0<: •• 

_ Length of potentlOJl!eter wire 

2. b.,c. 

0<: Potential difference across the potentiometer 
wire. 

The potential measures the exact value of e.m.f. of a battery 
.. E= 1.55V 
Also 1.4 = 1(280) 

Also 

3. a.,b. 

V=E-Ir 

= 0.15 =30n 
0.005 

1= 0.OO5A 
E - V 1.55-1.40 

,= --= 
I . 0.D05 

Since voltmeter is a device connected in parallel across the 

. . h R 11.110 ClfCUlt, ence equivalent = 
Rv +Ro 

For Ro« Rv ~ R .q"iva[em = Ro 
(i.e., resistance of the circuit remains unaltered when a 
voltmeter of extremely high resistance is applied across the 
circuit) 

4. a.,b.,d. 

Since .!i = C2 , the Wheatstone's bridge is balanced. 
R2 CJ 

Hence, Vc = YD' No current passes through the 
galvanometer. 
Hence, choice (a) is correct 
Potential difference across R [ = potential difference across 
C[ = 4V 

Potential difference across R2 = poten~\ al difference across 
C2 = 5V 

Potential difference across 5 Q is the potential difference 
across 8 ).IF capacitor. So, charge across 8 ).IF capacitor 
Q=CY. 

Q=8).lFx5V=40).lC 
Hence (b) is correct and also choice (d) is correct. 
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5. a.,d. 

~ r-A ~ 
Fig. 6.89 

10 10 
1 ::: ",SOIlA 
= 50 + 200 x 1O~ 200 X 103 

l '~ 
Fig. 6.90 

SOxSO= 50(1-50) => 1= lOOIlA=O. 1 IlA 
6. b.,c. 

Fig. 6.91 

If P is slightly increased, potential of C will decrease. 
Hence current will form A to C. 
If Q is slightly increased, pot. of C will inc, hence current 
will fl ow from C toA. 

Asserti on-Reasoni n9 
Type 

1. a. In a balanced condition, the potentiometer does not draw 
any current, and hence does not disturb the circuit. 

2. a. Principle of a potentiometer states that drop of potential 
across any segment qf ~he pqtentiometer wire is directly 
proportional to its length. This can be satisfied if the wire of 
the potentiometer has a uniform area of cross-section. 

3. a. Potential drop across galvanometer = potential drop 
across shunt, i.e .• 

Hcnce, 

IgG = (1-/~ )S 

s= _ I'_G 
1 -III 

1 
10 G 

s= (/_1~)G= 9 
4. c. initially, V= RIll 

R X 

~ j-....:" "v--l 
Fig. 6.92 

After the nlllge is increased, 

Electrical Measuring Instruments 6.31" 

nV 
x=--R 

I, 

nV . 
= - --R=nR - R :::(n- l)R 

V I R 

S. d. Lower the resistance of an ammeter. higher is the range. 
6. a. If resistance of a voltmeter is not infinite, it will draw some 

current from the circuit and finally the reading will be less 
than actual. 

7. d. Voltmeter gives terminal potential (V) though it can give 
e.m.f. if internal resistance of the cell is zero. 

8. a. If either the e.m.f. of the driver cell or the potential 
difference across the whole potentiometer wire is lesser than 
the e.m.f. of the experimental cell, the balance point will not 
be obtained. 

. E RR i! 
II:::: - , Req = 

R R+Rv 
9. a 

v 

R 

i, E 
;, 

Fig. 6.93 

10. (c) The resistance ora galvanomcter is fixed. In metre bridge 
experiments, to protect the galvanometer from a high 
current, high resistance is cop.nected to the galvanometer in 
order to protect it from any damage. 

Comprehension 
Type 

For Problems 1-3 

l.d.,2.c.,3.b. 

SoL We have 

" ' 

R = , ~ - R = lO.OV -200Q = 9980n 
lIs c O.OOlOOA . , 

At full-scale detlection, Vab = 10.0 V, voltage across the meter 
is 0.0200 Y, voltage across Rs is 9.98 V, and current through 
the voltmeter is 0.00 I 00 A. In this case most of the voltage 
appears across the series resistor. 
The equivalent meter resistance is Req = 20.0 n + 9980 n 
::: 10,ooon. Such a meter is descrihed as a "1,000 ohms-per
volt meter" referring to the ratio of resistance to full-scale 
detlection. In normal operation the current through the 
circuit element being mtasured is much greater than 0.00 100 
A, and the resistance between points a and b in the circuit is 
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\ 
~.32 Physics for llT·JEE: Electricity and Magnetism 

much less than 10,000 Q. So the voltmeter draws off only a 
small fraction of the current and disturbs. only slightly the 
circuit being measured. 

For Problems 4 - S 

4. b.,S.d. 

Sol. Fig 6.99 shows the circuit diagram. 

E 

P 1000 
A'l--i--vvvv---,-

v 

Fig. 6.94 

a. Let R be the resistance of the voltmeter. Then the total 
resistance in the circuit is 

(Y+~+2) 
where Yis given by 

I I I 
-+-= -
R 100 Y. 

lOOR 
or y= lOO+R 

Therefore, 

4 1 00 R + \0 = .3" I",O~R -,-+-"10,,,0 
Y +"3 + 2 = C"IO"'O"'+'=R 3 3(100 + R) 

The current I is g,iven by 

_--;,o~.m~J~. _ 1= . 
total resistance 

0.4 x 3(100 + R) = 0.02A 
310R + 100 

Therefore 6.2 R + 20 = 4.2( 1 00 + R) 

which gives R = 200 Q 

b. The total resistance X of the 100 Q resistor a'nd the 
voltmeter is given by 

I 1 -I 3 
-=-+-=-
X 100 200 200 

X= 200 Q 
3 

Potential difference across the voltmeter 

200 
= 3 xO.02 =1.33V 

Voltmeter reading = 1.0 V 

Error= 1.33 - 1.\0= 0.23 V 

For Problems 6-7 

6. a.,7.d. 

Sol. Let R [ and Rz be the resistances of the ammeter and the 
voltmeter, respectively. Let the external resistance be 

denoted by R and the internal resistance of battery by r. 
The equivalent resistance of the parallel combination of 
Rand Rz is given by 

R' = RRz 
R + R2 

The total resistance RT of circuit then becomes 

RR 
RT= R +r+--'-

I R+Rz 
The current in the circuit is given by 

E 
1= RR 
R[+r+~ 

R+ Rz 
This must be equal to 0.04 A, the reading indicated by the 
ammeter. 

3.4 

2+3+ 100Rz 
100+Rz 

5 + lOORz = 3.4 =85 
100+Rz 0.04 

100Rz =!'O 
100 + Rz 

which on simplification gives 

R2 = 400 Q 

Total current 1 divides itself into I[ along Rand Iz along Rz. 

1,= (_R )1 
R+Rz 

= 100 x 0.04 = -±... = 0.008 A 
100+400 500 

Potential drop across Rz is given by 

V= IzRz=0.008x4oo=3.2A 

The voltmeter shows this reading. 
In case of an ideal voltmeter, no current flows through it. In 
that case current in the circuit is 

l' = 3.4 = 3.4 = 0.0324 A 
2+3+100 105 

Potential drop across the resistance R would be 100 x 0.0324 
. = 3.24 V. This should be the reading indicated by an ideal 
voltmeter. 

For Problems 8-11 

8. b., 9. d., 10. a., 11. d. 

Sol. For ammeter: 

991;:= (/ - 1
8
)1 or 1= 100/0 (i) 

/8 is the full -scale deflection current of the galvanometer and 
/ is the range of ammeter 
For the circuit in Fig. 6.81(a) 
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I n 

Fig. 6.95 

12V _ 3A =:) r=1.01.Q 
2 " .. +r + 99 +1 

For voltmeter, range: 
V=IM(99 +101) 

V= 200/, 
Also resistance of the voltmeter = 99 + 101 = 200 n 

(ii) 

In Fig.6. S\ (b) resistance across the terminals of the battery 

200x2 
RJ = r+2Q2"= 2.99n 

101 {} 99n 

,.~,-~ Gr-~AAAr-' 

Fig. 6.96 

: . Current drawn from the battery, 

12 
'1= -=4.01 A 

2.99 
:. Voltmetcrreading: 

4 
- V = 12 - llr = 12 - 4.01 x 1.01 
5 

5 v= 7.96x -= 9.95 V 
4 

Using (i i), / tr = 9.95 = 0,05 A 
200 

Using (i), rangeo(the ammeter: I = 100 f
t
= 5 A 

For Problems 12-14 

12. c., 13. n., 14.8. 

Electrical Measuring Instruments 6.33 

Sol. 12. c. Just aner closi ng. capacitor behaves as a short 
circuit and all curren! flows through it. hence ammeter reads 
zero. i 
13. a. After a long time capacitor behaves like an open circuit 

and no current fl ows through it. 

Therefore i = --"- = ~ = 2 rnA 
RI +R2 10+5 

14. a. Just after reopening, potential difference across R2 
remains same as charge on the capacitor does not 
change initially, hence current remains same. 

Matching Column Type 

1. I. ~ b., ii. ~ c., iii. ~ c., iv. ~ c. 
When the switch is closed, equivalent resistance is R. After 
opening the switch, equivalent resistance becomes 2R. 
Hence'equi valent res istance increases. ".' 
Also cUhem through the bauery decreases, hence ammeter 
reading decreases. Current through the left R also decreases. 
So vollmeter reading decreases and power dissipated 
through the left R also decreases. 

2. i. ~ c., II. ~ d., iii. ~ b,d., iv. ~ a. 
i. If defl ection in a galvanometer is in some direction for the 

position of jockey on one side of the null point, then for 
the position of jockey on the other side of the null point, 
the defl ection in the galvanometer should be in the 
opposite di rec tion. But if e.m.f. of the battery in the 
primary circuit is less than the e.m.f. of the cell to be 
measured, then for all positions of jockey on wire. 
defl ection in the galvanometer will be in one direction 
only. 

Ii. Due to protective resistance, the galvanometer will show 
less defl ection when away from the null point. Hence 
uncertainty in location of, the null point increases. 

iii. For a short potentiometer wire, accuracy is less. 
iv. For a long potentiometer wire, lIccuracy is more. 

, 
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7.2 Physics for IIT..JEE: Electricity and Magnetism 

HEATING EFFECT OF CURRENT 

When an electric current is passed through a conductor, it 
becomes hot and its temperature starts rising. This is known as 
heating effect of current or Joule s heating effect. Here electric 
energy converts into heat energy. 

Various appliances, such as geyser, iron, heater, fuse wire, etc. 
work on this basis. 

Cause of Heating 
When current is passed through' a conductor, the electrons start 
drifting towards the +ve end. They gain additional K.E. apart from 
thermal K.E. These electrons suffer collisions with atoms/ions 
more violently and transfer their K.E. to atoms/ions. It increases 
the amplitude of vibrations of ions/atoms. Thus average K.E of 
vibrations of atoms/ions increases which shows up in the form of 
increased temperature. Here, the electric energy supplied by the 
source of e.m.f. is converted into heat. 

Heat Produced by an ELectric Current 
Let a current J is flowing in a resistor of resistance R (Fig. 7.1). 
AmoupJ ~_.passed throug~ resistor in time t: q :::: It 

Decreases in the potential of this charge: V:::: IR 
Decreases in the potential energy of charge :::: qV = J2Rt 

+-<--'vw,~--+-
A I R B 

Fig. 7.1 

This decrease in the energy will appear in the fo rm of heat 
energy. 

So electric energy produced in a resistor of resistance R in 
time t in which a current I is flowing is given by 

H = 12RT (This is Joule's law of heating.) 

Joule's law of heating: It states that amount of heat produced 
in a conductor is directly proportional to (i) square of current, 
(ii) resistance of conductor and (iii) time. 

V' 
Other forms of H: H = /2Rt = - :::: V It 

R 

Joule's heating effect is irreversible. The resistor will become 
hot (and not cool down), if current is sent in any direction. . 

As H ."'" [2, heating effect of current is common to both d.c. 
and a,c, This is why instruments and appliances such as filament 
bulb, heater, geyser, press, toaster, etc. work both on d.c. and a.c. 

ELectric Power Produced in the Circuit 
It is the energy produced in the resistor per unit time. 

H V' 
P= - =:} P = / 2R = -= VI 

t R 

Units of Electric Energy and Electric Power 
. " Unit of electric energy: J, cal, kWh, etc. 

I cal = 4.18 J = 4.2J 

Relation between kWh and joule: I kWh :::: 1000 W x hour 
= lOoo Wx 3600s :::: 3.6x lO6Ws = 3.6x lO6 J. 

I kWh is the energy consumed by an appliance of power I kW 
when it runs for I h. 

Commercial unit: I kWh is one unit of electricity. To calculate 
number of units, we can use 

. watt x hour 
Number of umts = 

1000 i ' 
The energy dissipated in kWh can be calculated using the 

following relation: 

V (in volt) x I (in ampere) x t (in hour) 
E= 

1000 
Unit of electric power: W, kW, MW, hp; I kW :::: 103 W, 

I MW= 106 W, I hp=746W. 

.. .. . .. 
, , U '!, 

" Some · Importqn't Points' 

1. If the resistances .are connected in series, then using 
p:::: [2R, power .develop'ed will be higher in the resistor "
of higher value as current will be same in all resistors . . 

2. If the resistances are connected in parallel, then using 
V 2· . , . - . . , 

p = -~ the power developed. will be higher in the 
R » . ;';, .. ! :~. ",. . !.. 

resistor of lower value as.potenti'al will be same ~cross 
all resistors. 

Illustration 7.1 Two wires of same mass, having ratio of the 

lengths 1:2,density 1:3 and resistivity 2:1. They are connected 

one by onet~the same voltage supply. The rate ofheatdissipation 
in the first wire is found to be 10 W. Find the rate of heat 
dissipation in the second wire. 

. i t 1 ~ 1 A 2 
Sol. Gtven -= - , -=-, - =: - ; m=Allldl =A2(ldz 

£2 2 d2 3 P2 1 

Pz Rj PJ t lAz Pre~dl 
II = Rz = P2t2A] = p2t~d2 

=:} P2 = 3:X(~l2 x!·=.!. 
II I. 2 3 6 

P
2

= II = lO = ~W 
6 6 3 

3. To determine the resistance of a bulb (or other 
appliances): Let a bulb is designed to operate on a voltage' 
VI) and its power indicated on it is Po (see Fig. 7.2). The 

. v,2 · 
resistance of the bulb is given by R = .J!.., 

Po 

Vo,Po • 

v 
Fig. 7.2 
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.!.' 
Now let a potential difference of V is applied across this 

bulb, then power consumed \s givenbyP = ~ =(~ )2~. 
.. , 

IfV =' V~. thenP::;;Po. " . .,; ~ 
The above fOffimla is very the convenient to calculate 
the power consumption when the applied voltage is 
different from the specified one. / ' 
An electric appliance consumes' the specified power 
Po only if it runs at the specified voltage' Vo. If the 
applie.d voltage VA is greater than the specified voltage 
the appliance may get damaged as in this situation 
1= (VAIR) will exceed its current capacity I e= (VoIR), 
F.urther. if ,an appliance is made to run at a voltage 
lower than the specified, then true power consumption 
will be less than the specified Value. 

A 100 W bulb is designed to opera te ou a 

potential difference of230 V. 

i. Find the resistance of the bulb. 

ii. Find the current drawn by the bulb if it is operated at a 
potential difference for which it is designed. 

iii. Find the current drawn and power consumed by the bulb 
if it is connected to 200 V supply. -

Sol. Power rat ing of the bulb: Po = 100 W, voltage rating of the 
bulb: Vo = 230 V. 

i; Resistance of the bulb: 

ii. Current drawn : 

"' (230)' R= ....Q..=--= 529Q 
Po 100 

J = Vo =230 =.!.2.A 
R 529 23 

"'J 200 A 
Ill. = 529 ' P = / 2R = - x 529 = 75.6 W (200)' 

529 

mush'alion 7 ~ < A 50{1 W heating unit is designed to operate 

from a 200 V line. By what percentage will its heat output drop if 

the line voltage drops to 160 V? Find the heat produced by itin ~ 
min. 

Sol. Actual power consumed: P = ( ~r Po = G~~ r 500 

= 320 W. Heat output drop : 500- 320 = 180 W. 

180 
% Heat drop = 500 x 100 = 36% . 

Heat produced in 10 min (600 s) is given by 

H = 320 x 600 = 192 000 J = 192 kJ 

4. Two bulbs coimected in series: Let two bulbs of same 
voltage rating Vo and power ratings POI and P02 are 
connected isn series. Let POI> P02' Let potential V is 
applied across them as shown in Fig. 7.3. 

Note: 

I 

v 
Fig. 7.3 

Resistances of the bulbs: 

VOl V0
2 

Rl = - ,R2=-
POI P02 

Heating Effects of Current t.3 
f 

Let power produced in them are PI and P2, respectively. 

Then PI = /2R ! and P2 = /2R2. 

Now given:POI >P02 .,'.:=} RI <f. R2' :=} PI <P2 
It means the bulb having more power rating. will 
consume less power. 
Total power produced: 

',' ... ) 
In series if Qfly one bulb gets/used, then others win not 
glow. . )~:. ·,1 ,iii 

•.. 
5. Two bulbs are connected in parallel: Let two bulbs of , 

same voltage rating Vo and power-r atings POI and Pij"'t ' 
are connected in parallel. Let.POI > P02. Let potential V 
is applied ~cross the;n as sho,,:,! i,n Fig.,7 .. A J' n. 

VO,,'.POI ~RI 

lif 
' . ~R2 

1)" 1 L 'i) ,I' -li','Ii- ii, 

.If) :~ 

vo, P02 

" 
v 

Fig. 7.4 

Resistances of the bulbs: 

1,1;2 \/,2 
RI = ....Q.. ,R2= + 

PO] P02 ' 

• . \ ., 

, ;, 

Let power produced i~ them are p] ' and p~, 

V 2 V 2 
rsespectively. Then p ] = - ,and Pz-= - . 

R] Rz _ 
Nowgiven: PO] >P02 :=} RI<R2 :::::} p ] >P2 
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7.4 Physics for IlT-JEE: Electricity and Magnetism, 

It means that the bulb having m6re power rating will 
consllmemore power, I , ' 

~ Total powe~ pfoduced: 
Ii " "i f .' I vz. V 2 V 2 V 2 

P = PI + P2 = ----:- + - = ----;r POI + -Pm 
,RI R2 Vo~ V0

2 

I = (~J (Po, + Pm) 

~f V = Yo, t!len P = POI + Pm' 

I Note: 

.1ti parallel·if any one'bulb gets fused, then others will 
'continue,to glow. 

Illustration 7.4 Two bulbs are marked 220 V-IOO Wand 

220 V-SO W. 

i. Which bulb will produce more illumination if they are 
connected in parallel to a 220 V supply? 

,ii. Which bulb will produce more illumination if they are 
connected in series to a 220 V supply? , 

, iii. Also find the total power consumed by both the bulbs in 
each of the two parts above. 

Sol. 
i. First bulb. In parallel more is power rating more is the power 

Iptoduced. 
ii. Se~ond buJb. In series more is power rating less is the power 

produced. 
" , iii. In first pa~t: P = POI + P02 = 100 + 50 = 150 W. In second 

part: P = Pol~12 = 100 x 50 :: 100 W. 
Pol + Poz 150 3 

Illustration 7.5 Two bulbs are rated 30 W-200 V and 

60 W -200 V. They are connected with a 400 V power supply. 
Find which bulb will get fused if they are connected in 
(i) series and (ii) pa,rallel. 

Sol. 

i. R = (200)' Q R = (200)' A 

I 30 'z 60 u ~ RI >R2 

Hence voltage across first bulb will be greater than 200 V. 
So, it will get fuse·d. 

400 V 

Fig.7.S 

. ii. In parallel, potenti"al across both the bulbs will be same and 
equal to 400 V. So both will get fused. 

Illustration 7.6 An electric tea kettle has two heating coils. 

When one of the coils is switched on, boiling begins in 
6 min. When the other coil is switched on, the boiling begins 
in 8 min. In what time, will the boiling begin if both coils are 
switched on simultaneously (i) in series and (ii) in parallel. 

Sol. Let power of first coil is PI and that of second coil is P2-
Let H is the amount of heat required to boil water. Then H = Pili 
:: P 212 where 11 = 6 min, 12 = 8 min. 

i. When the coils are connected in series: 

t= H =H[~+~l=H[.'L+'1.l 
P ~ ~ H H 

='1 + 12 :: 6 + 8:: 14 min 

ii. When the coils are connected in parallel: 

P=P1 +P2 

H H H 
t= -=--~"..c", 

P ~+P2 H+H 
11 12 

= .....!!!L. = 6 x 8 = 3.43 min 
11 +12 6+8 

6. Let a resistance R under a potential difference V 
. dissip.~t.e$ p()\:yer; . . i 

v' 
P= - ' 

R 
So, if the resistance is changed from R to (Rln) keeping 
V same, the power consumed will be 

, - v 2 Vz- . 
p'= --=n-=nP 

(Rln) R 
(iv) 

that is, if for. a given voltage, resistance is changed from 
R to (Rbi), power consumed changes from P to nP. 

7. If n equal resistances are connected in series with a 
voltage source, theh power dissipated will 'be 

V' 
Ps=

nR 
[as Rs = nR] 

And if the same resistances are connected,in parallel 
with the same voltage source, 

V 2' nV 2 

Pp= (Rln) "" R (as Rp= (Rln)] 

So. (v) 

that is, power consumed by n equal resistors in parallel 
is 1I

2 
.. times that of the power consumed ih series, if V 

remains same. 
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Maximum Power Transfer Theorem 

Suppose we want to find that for what value of the external 
resistance the maximum power will be drawn from a battery? For 
this, let in the shown network (Fig. 7.6) power developed in 
resistance R is 

r-------------- .... , , 
: 10 r : 
, , L ___ _________ __ ! 

R 

Fig. 7.6 

Now, for dPIdR = 0 (for P to be maximum dPIdR = 0) 

,(RH)' "2(R)(RH) 
~ E 4 =0 

(R+,) 

~ (r+R)=2r ~ r=R 

II means power output is maximum , when the external 
resistance equals the internal resistance R = r. 

IIIustration7.? How will yOll connect (series and paraJlel) 24 

cells each of internal resistance til so as to get maximum power 

output across a load of 10 W. 

Sol. Total number of cells: mn = 24. For maximum power: 

nr=R ~ n=lOm 
m 

=> IOm2 =24 => m=J2.4=I.S5 

24, (24')' i. if m= I, I = - then ~ = - x IO= 4.98e2 
14 34 

ii. ifm=2'1 = (\~)then P2 = (\2:J x 10 = S.62Si 

So, we have two rows (m = 2) each containing 12 cells 
(/I = 12) in sp-ries. 

, Illustration 7,8 A dry cell of e.m.f. of 1.5 V and internal 

resistance 0.10 W is connected across a resistor in series with ' 

a very low resistance ammeter. When the circuit is switched 
on, the ammeter reading settles to a steady value ?f2.0 A. 

a. What is the steady rate of chemical energy consumption 
of the cell? 

b. What is the steady rate of energy dissipation inside the cell? 
c. What is the steady rate of enei'gy dissipation inside the 

resistor? 

d. What is the stendy power output of the source? 

."... . 

Heating Effects af Current 7.5 

Sol. 
a. Rate of chemical energy consumptionoftheceli=EI= I .Sx-2 . 

= 3W. 
b. Rate of energy dissipation inside the cell = 12, = (2)2 x 0.1 = 

0.4 W. 
c. Rate of ent:rgy dissipation inside the resistor = PR = EI - Pr= 

3-0.4 = 2.~W. 
d. Pqwer out = J2R = 2.6 W. 

SOME APPLICATIONS 
(a) Fusing of bulb when it is switched on 

Usually filament bulbs get fused when they are switched on. 
This is because with rise in temperature the resistance of the 
bulb increases and becomes constant in steady state. So the 
power consumed by the bulb (V"/R) initially is more than 
that in steady state and hence the bulb glows more brightly in 
the beginning and may get fused. 

D1ustration7.9 Two wires made of tinned copper having 

identical cross-section (=10-6 m2) and lengths 10 and 

15 cm are to be used as fuses. Show that the (uses wJII melt a t 
the same value of current in each case. 

Sol. The temperature of the wi re ri ses to a certain .steady 
temperature when the heal produced per second by the current 
just becomes equal to the rate ofloss of heat by radiation from its 
surface. 

2 2 pi 
Heat produced per sccond by the current = I R = I --" 

'" where I is the length, r is radius of the wire and p is the specific . I 
resistance. Let H = heat lost per second per unit surface area of 
the wire. If we neglect the loss of heat from the end faces of the 
wire, Ihen heM lost per sec~nd by the wire:::: H x surftlce area of 
wire=Hx2m'i. 

At steady stale temperature, 

I"pl 12 
H x2ar/= --2 orH = .f3 

ar 21'r r 
0) 

From (i) we note that the rate of loss of heat (H) which in tum 
depends upon the temperature of the wire is independent of 
length of the wire. Hence the fuses of two wires of the same 
valucs of rand p but of different lengths will melt for the same 
value of current in each case. 

(b) Decrease in the brightness of bulb arter long use 

Also due to cvapomtion of metal from Ihe filament (which 
deposits as black substance on the inner side of glass w~Il), 
the filament of the bulb 'becomes thinner and thinner with 
use. This increases the resistance [R = pUar2j of the bulb 
and as r = V"/R the brightness o f light emitted by a bulb 
decreases gradually with time. 

(e) Decrease In brightness ofa bulb in a room when a heavy 
current appliance is switched on 

As shown in Fig. 7.7(a) if the bulb draws a current II from the 
source, then terminal voltage of source = V = (E -II r) 
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7.6 Physics for IIT-JEE: Electricity and Magnetism 

V 2 (£-1 r)z 
and so power consumed by the bulb is, P = - = I. 

R R 

Now, when a heavy current appliance such as mOlOr, heater 
or geyser is switched on, it will draw a heavy current, say 12, 

from the source so that terminal voltage will become 

V'= [£-(11 +1z)r] = (V-1zr) «v) 

and hence power consumed by the bulb will now be 

P'= V,z =(V-/zr)2 <P 
R R 

So, the brightness of the bulb decreases. 

'; Note: i? ',! ;;, : .. _, I,,,', " " F. , 

.r:! iJ,';;, '~,I;" .:', n, ;. .r' ./, '. " \.> d 

w'> ,./f/~e;s~~~c~. ~ ideal, i.ei' ': =\q? ~[ F. V ~!!: then ~:, t P, 
r. 'X.,;r.,J'f,. e"ht~~r,~ w/~~.b~dn~, c/' hqrg~ in the brig~It~~s~ o~!h,e t!llb, 

l tesourcelS'l ea. . ,,,.,.:. d, 

(d) Fuse and its action 

It is a metallic conducting wire of75% Pb and 25% Sn with 
low melting point and higher resistance and is in series with 
an appliance [Fig. 7.7 (b)]. 

I, I, , 
R _ Bulb Heatcr 

~E 
K 

,.) 
R 

Fusc , 

~E 

(b) 

Fig. 7.7 

It is a safety device which protects the appliance from getting 
damaged, by melting and opening the circuit, if the current in 
the circuit exceeds a specific predetermined value, called 
'current capacity'. 

(e) Long distance power transmission 
When power is transmitted through a power line of resistance 
R, power-loss will be: 

Power loss = PR 
Now, let power Po is transmitted at voltage v, then Po = VI, 

P, 
i.e., 1= ....Q. 

So, 

V 
p,' 

power loss = _0_ x R 
V' 

Now, as for a given power and line, P and R are constant. 

) 
So, power loss oc: ""2" 

V 
So, if power is transmittep at high voltage, power loss will be 
small and vice versa, e.g. power loss at 22 kV is 10-4 times 
than that at 220 V. This is why long distance power 
transmission·is carried out at high voltage, 

(0 The wires supplying current to a bulb are not heated while 
the filament of the bulb becomes hot. It is because resistance 
of the wires is very small in comparison to the resistance of 
bulb. If alone the wires are connected then whole of the 
potential differences will be acrpss the wires and because 
their resistance i ~ very small, a large amount of heat will be 

I V' 
generated from P = -. This happens when wires are short 

R 
circuited. 

(g) The resistance of high electric power instrument will be 
smaller than that of low electric power instrument. Because 

V' 
for a given voltage: P ::: R ' For example, iron, heater, 

geyser. 

The heating element of these appliances are made of 
nichrome. It is an alloy ofNi and Cr. Its resistivity is higher 
in comparison to platinum, tungsten and copper, etc. Nichr
ome is used because 

i. it has high resistivity and high melting point, 

ii. it is not oxidized when heated, 
iii. it can be easily drawn into wires. 

Resistivity is kept higher so that smaller length can be used, 

V2 V2AI 
asH::: -t= - - . 

R pI 

(h) Incandescent electric lamp 

It consists of a metal filament generally made of tungsten. It 
is enclosed in a glass bulb with some inert gas and at suitable 
pressure. The filament gets heated, then it becomes white hot 
(known as incandescent stagc) and stUlts emitting white light. 
The filament shou ld havc high mclting point. 

An electric kettle taking 3 A at 210 V 

brings 1 t of water from 20°C to 80°C in 10 min. Find its 

efficiency. 

OP 
Sol. 11 = - x 100 = 

IP 

10
3 

x4.2x60 x [00 
210 x 3 x 600 

= 66.67% 

A line having a total resista~ce of 0.2 W 

delivers 10 kW at 220 V to a small factory_ Calculate the 

efficiency of transmission. 

Sol.I= 10000 = 500 A. Loss=/2r= (500]2 xO.2=413.22 . 
220 11 [ I 

)0000 
Eflicicncy: T/ = 10000 + 413 .22 x 100 =96% 
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Concept'Application Exercis. 7.1 

1. a. When is the rate at which energy being delivered to a 
light bulb higher: just after it is turned on, and the glow 
of the fil ament is increasing. or after iI has been on for 
a few seconds and the glow is steady? 

h If a piece of wire were used to connect points band c in 
Fig. 7.8, does the brightness of bulb Rl increase, decrease 
or stay constant? Whai happens to the brightness of 
bulb R2? 

I I = h = I 

, R, b , 

6Y . -
Fig. 7.8 

c. Compare the brightness o f four idcnlicall ighl bulbs in 
Fig. 7.9. What happens if bulbA fails, so that it cannot 
conduct? What if C fails? What if D fnils? 

A B 

'l{ c 

Fig. 7.9 

d If electric {Xlwer is transmitted over long distances, the 
resistance of the wires becomes significant. Why? 
Which mode of transm ission wpu\d result in less 
e nergy loss-high curren! and low voltage or low 
current and high vohage? Discuss. 

c. In Fig. 7.10. describe what happens to the light bulb 
after the switch is closed. Assume the capacitor has n 
large capacitance and is initially uncharged and assume 
that the light illuminates when connected di rec tly 
lICroSS the banery terminals. 

~V c 

Batte ry 

Fig. 7.10 

f. A student dai ~ns that a second light bulb in series is 
less bright than the first, because the first bulb uses up 
some of the current. How wou ld you rcspond to this 
statemcnt? 

Heating Effects of Cyrrent 7.7 

g. If you were to design an electric heater using Nichrome 
wire as the heating eleme01, what parameters of the 
wire could you vary to ·meet a;specific power output, 
such as 1000 W? / . 

2. A healer joined in series with,a 50 W bulb is connected to 
the mains. If the 50 W bulb is replaced by a 100 W bulb, 
then will the heater now give more heat, less heat or same 
heat ? Why? I 

3. Each of the three resis tors in Fig. 7. 11 has a resistance of 2 n 
and can dissipate a ma1mum of 18 W without becoming 

"""'i,eIYh"'G 

/ Fig. 7. ll 

Find the maxiTl}6m power the circuit can dissipate. 
4. An electric bulb rated 220 V and 60 W is connected in 

series with a,{other electric bulb rated 220 V and 40 ·W. 
The combi9'ation is connected across 220 V source of 
e. m.f. Which bulb will glow more? . 

5. We have a 30 W, 6 V bulb which we want to glow by a 
supply of '120 V. What will have to be done for it? 

6. a. Two heatcr coils made of the same material are 
connected in parallel across the mai ns, the length and 
the diameter of one coil is double that of the other. 
Which o f them will produce more heat? 

h Three equal resistances connected in series across a 
source of c.mJ . together dissipate P watt of power. 
What would be the power dissipated if the same 
resistors arc connected in parallel across the same 
sour.ce of e.m.f.? 

7. A series circuit consists of three identical lamps connected 
to a battery ns shown in Fig. 7.1 2. . 

Fig. 7.12 

Whcn the switch S is closed, what happens 
a . to the intensitics of lamp A and B 
b. to the intensity of lamp C 
c. to the current in Ihe circuit and 
d. to the voltllge drop across the three lamps? Does the 

powcr dissipated in the circuit increase, decrease or 
remnin the same? 

8. Two wires of thc same material and having tbc same 
unjfonn area of cross section arc connected in iln electric 
c ircuit. The masses of the wires arc '" and 2111, respectively. 
When a current I flows through both of them connected in 
series, then find the ratio of heut produced in them in a 
given time. 
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7.8 Physics for IlT-JEE: Electricity and Magnetism 

9. Water boils in an electric kettle in 15 min after being 
switched on. Using the same main supply should the length 
of the heating element be increased or decreased if the 
water is to be boiled in 10 min? Why? 

10. An electric motor operating on a 50 V d.c. supply draws a 
current of 12 A. If the efficiency of the motor is 30%. 
estimate the resistance of the windings of the motor. 

n. A fuse with a circular cross-sectional radius of 0.15 mm 
blows at 15 A. What should be the radius of cross section 
of a fuse made of the same material which blows at 30 A. 

12. A motor operating on 120 V draws a current of2 A. If the 
heat is developed in the motor at the rate of 9 cal s'[. what 
is its efficiency? 

13. The walls of a closed cubical box of edge 40 cm are made of 
a material of thickness 1 mm and thermal conductivity 
4 x 10-4 cals-1cm- 1 °C-1• The interior of the box is 
maintained at 100°C above the outside temperature by a 
heate~ placed inside the box and connected across 400 V 
d.c. Calculate the resistance of the heater. 

14. lWo tungsten lamps with resistances R I and R2• respectively, 
are connected first in parallel and then in series in a lighting 
circuit of negligible internal resistance. Given that R) > R2 . 

a. Which lamp will glow more brightly when they are 
connected in parallel? 

b. Itthe lamp ofresistanceR[ now burns out, how will the 
net illumination produced change? 

c. Which lamp will glow more brightly when they are 
connected in series? 

d If the lamp of resistance R2 now burns out and the lamp 
R[ alone is plugged in. will the net il1umination increase 
or decrease? 

15. n identical bulbs are connected in series and illuminated by 
a power supply. One of the bulbs gets fused. The fused 
bulb is removed and the remaining bulbs are again 
illuminated by the same power supply. Find fractional 
change in the illumination of a. all the bulbs, b. one bulb. 

16. An electric motor is desigried to work at LOO Vand draws a 
current of 6 A. The output power supplied by the motor is 
ISO Wand remaining goes to heat. What is the resistance 
of the windings of the motor and its percentage efficiency? 

17. A house is fitted with certain numbers of 100 W, 230 V 
incandescent lamps. The power to the house is fed by a 
generator producing the power at 240 V. The resistance of 
the wires from generator to the house is 2 W Find the 
maximum number of lamps that can be illuminated so that 
voltage across none of the lamps drops below 230 V. 

18. A house is fitted with 7 tubelights of rating 220 V -40 W 
each, 2 bulbs of rating 220 V - 60 W each,S fans each 
drawing a current of 004 A at 220 V and a heater of resistance 
4804 W The main line power supplied to the house is at 220 
V. Calculate the biLL for the month of January iftubelighls 
and bulbs are used for6 h daily, fans for t h daily and heater 
for 10 h daily. The electricity is to cost Rs. 2 per unit. 

19. Two bulbs are marked 200 V, 300 Wand 200 V, 600 W. The 
bulbs are connected in series and th~ combination is 
connected to a 200 V supply. 

a. . Which bulb will produce more illumination? 
h Find the total power consumed by both the bulbs. 
j:. Find the total power consumed if both the bulbs were 

connected in paralleL 
20. A voltage stabJizer restricts the voltage output to 220 V 

1 %. If the electric bulb rated at 220 V, 100 W is connected to 
it, what will be the minimum and maximum power consumed 
by it? 

21. The efficiency of a cell when connected to a resistance R is 
60%. W will be its efficiency if the external resistance is 
increased to six times. 

22. A 25 Wand a 100 Wbulb are joined in serif<s and connected 
to the mains. Which bulb will glow brighter? 

(liT -JEE, 1979)1 

Solved Example. 

A series battery of6 cells each of e.m.f. 2 V and 

internal resistance 0.5 Q is charged by a 100 V d.c. supply. What 

resistance should be used in the charging circuit in order to 
limit the charging current to 8 A. Using this relation, obtain (a) 
the power supplied by the d.c. source, (b) the power dissipated as 
heat and (c) the chemical energy stored in the battery in 15 min. 

Sol. Given: Number of cells n = 6; e.mJ. of each cell, E = 2V; internal 
resistance of each ceil, r = 0 .5 W; charging voltage 
V = 100 V Let R be the resistance used in the series of the circuit 
while charging the cells. Then current in the circuit will be 

0, 

V -nE 
i=--

nr + R 

R= V -nE -nr = IOO-6x2 -6xO.5 
. 8 

= 11 -3=8n 

a. Power supplied by d.c. source = V x i = 100 x 8 = 800 W 
b. Power dissipated as heat = i2(R + IIr) = 82 (8 + 6 x 0.5) 

=704W 
c. Rate at which the chemical energy is stored = 800 - 704 

=96W 
:. Chemiealcnergystored in IS min = 96x IS x60 =86400 J 

mrtttMf,.., Determine the current through the battery of 

internal resistance 0.5 Q for the circuit shown in Fig. 7.13. How 

much power is dissipated in 6 n resistance? 

A , 10 c 

10 

"0 

F E D 

Fig. 7.13 
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,0 

SI,1. Resistance ol'arm BCDE == 7 + 1 + 10== 18 n . Here 18 and 6 n 
un; in parallcl. Their cffecti vc resistance is 

_ ~8X6=18X6=45.Q 
R/,- 18 + 6 (::'.J4 . 

Total rcsistan~corthe circ.ult = 2 +4.5 + 8 + 0.5 = 15 n 

C' 1 h h ." . 15 1 A urrcnt l1royg t c Cl~.(?'! lt, i = - = 
-' ;j ,"); • t~~.) 15 

Potential diffd-...enee across 8 and E = i X RI , = 1 x 4.5 = 4.5 V 
:. Power dis~i pa;;xl as heat due to resistance 6.Q is 

(4.5)2 = 3.375 W 
6 , .<:> 

BtmWltf'l Two uniform wires of same material each 

weighting 1 g but one having double the length of the other 
arc connected in series, carrying a current of 10 A. The length 
of the longer wire is 20 em. Calculate the rate of consum~tion 
of energy in each of' the two wires. Which wire gets hotter? 
Density of the material of wire = 11 gcm-3, specific resistance 
of the material is 20 x 10-5 n cm. 

Sol. Let (I I and "2 be the area of cross-section of shorter and 
longer wircs, respectively . . 

As mass = volume'x dcnsity = alp 
I = (II X 10 x I I = (/z x 20 x I I 

1 , 
(/1= 10Xl l cm and 

1 , 

" 
- - - om 

2 - 20xll 

-5 10 
RI =20 XI? x l/(lO x l l) 

= 20x IO-5 x 10 x lO x I I = 22 x 10-3 Q 

20 
R2 = 20x 10-

5 
X 1/(20x 11) = 88 x 10-

2 n 

And rate of heat produced 

HI = [ zRI =(lOl x22x 10-2 =22 W 

and H2 = [zRz = (l Oi x 88 x 10-2 = 88 W 

Thus the wire of longer length gets hotter. 

~ A series battery of61ead accumulators each of 

c.m.f. 2.2 V and internal resistance 0.05 n is charged by a 100 V 

d.c. supply. What series resistance should be used in charging 
circuit in order to limit the current to 7.8 A? Using the required 
resistor, obtain 

(a) the power supplied by the d.c. source, 

(b) the chemical energy stored in the battery in 15 min. 

Sol. Total resistance = R + 111'= R + 6 x 0.5 = R + 3 

Total e.m.f. of the battery = 6 x 2.2 x 13.2 V 

Effective potential difference in the circuit = J 00- J 3.2 = 86.8 V 

effective pot. diff. 
current = --Now, 

total resistance 

Heating Effects of Current 7.9 

86.8 
7.8= R+30rR=8.13,Q 

a. Power suppljed by d.c. source 
= VI= lOOx7 .8 =780W = [2(R+llf) 

= (7.8l (8.13 + 3) =677.15 w. 
h Chemical energy stored in the battery in 15 min 

= (780-677.15)x 15x60=92565 J 

In a house having 220 V line, the following 

appliances are operating: 

(i) 60 W bulb, (ii) a 1000 W heater and (iii) a 40 W radio. 
Calculate (a) .the current drawn by heater and (b) the current 
passing through fuse for this line. 

Sol. Here, V= 220 V; PI = 60 W; P2 = 1000 W; p) =40 W. 

P. 1000 50 
a. Current drawn by heater = ..2 = - - = - A 

. V 220 J I 

Po 60 3 
h Current drawn bv bulb = ~ = - = - A 

• V 220 11 

R 40 2 
Currenl drawn by radio = ---.1 = - = - A 

V 220 11 

Current passing through fuse for the line 

50 3 2 
= -+ - + -= 5A 

I I I I II 

A heater is designed to operate with a powerof 

1000 W in a 100 V line. It is connected, in combination with a 

resistance R, to a 100 V mains as shown in Fig. 7.14. What 
should be the value of R as such that heater may operate with 
a power of 62.S W? 

Heater I--
IOn 

l'OOV R 

Fig. 7.14 

Sol. The resistance of the healer is , 
R= ~=IOOXIOO=IO.Q 

A 

P 1000 

100 v 
Fig. 7.15 

The power on which it operates is 62.5 W. 

(IIT-JEE,19781 
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7.10 Physics for IIT..JEE: Electricity and Magnetism 

v= ,jR X P' = ,jlOx 62.5 =.J625 =25V 

=> The potential drop acrossAB = 75 V 

V 75 
.. ThecurrentinAB=I='R=W=7.5A 

Thi~ current divides into two parts. Let II be the current that 
passes through the heater. Therefore 

25 = II x 10 => I I = 2.5 A 

=> current through R is 5 A 

Applying Ohm's law across R, we get: 

25 = 5xR => R=5n 

'¥¥tmUUUM (i) Find the time taken by a filamentof200 W 

to heat SOO ml of water from 2SoC to 7SoC. Specific heat of water 

= 1 calg- I °C- I
• Take 1 cal = 4.2 J. 

,. 
Fig. 7.16 

(ii) Find the power produced by each resistor shown in Fig. 
7.16. If RI is dipped in 1000 ml of water at 30°C, find the time 
taken by it to boil the water. 

Sol. 
(i)200t=0.5x4200x50 => t=525s 

(ii) Rc'q = 6 .0, 11 =!2 = 2 A in4Q,I2 = ~A in 6.0, 13 = .± A 
b 3 3 

in 3 .0 

Now, , 
4200x70 

1= 
16 

18375 s 

'Imtm,q-: A he.ating coil of 2000 W is immersed in an 

electric ci"rcuif. How :much time will it take in raising the 

temperature of 11 of water from 4°C to 100°C? Only 80% of the 
~hermal energy produced is used in raising the temperature of 
water. 

So], Hcre, P '" 2000 W, t =? (in seconds) 
Volumeofwater= II = lOOOcm3 

Mass of water, m = volume x density = 1000 x 1 = 1000 g 
Rise in temperature = fh. - 81 = 100 - 4 = 96°C 
We know specific heat of water, C = I cal g- l °C- I 

:. Heat taken by water 

= mc (82 - 81) = 1000 x I x 96 = 96000 cal 

Energy spent in heating coil == Pr = 2000 x t 
Useful energy produced = 80% = 2000 x / x 801100 J 

2000xrx80 
Useful heat produced = [00 x 4.2 cal 

2000 x I x 80 
As this heat is taken by water, hence 100 x 4.2 

01 
'/= 96000 x 100 x 4.2 = 252s 

2000 x 80 

96000 

'¥§IIl).HtD Consider the following circuit (Fig. 7.17) 

where some resistances have been arranged in a definite order. 

With the given condition that heat produced by 6.0 resistance is 

60 cal S-I due to the current flowing through it, find out the heat 
produced across 2.0 resistance in calorie per second. 

,<> 

>------tI y 

Fig. 7.17 

Sol. Same current flows through resistances connected in series. 
J'R 

Heat produced in 6 .0 resistance = J 
12 X 6 

60= -- => 12 = 42 => 1= mA 
4.2 

Now the voltage drop across x and y 

= (6+ 12))42 =20)42 V 
As this potential drop is same in every area of a parallel circuit, 

so the potential drop across upper pmt of the circuit is same. 
:. Current through 2 and 4 .0 resistances 

20 )42 10)42 
=---= 

6 3 
Hence the heat produced across the 4 n resistance 

I2R lOOx42x4 4000 
= -- = =-- ,,1 

J 9x4.2 9 

Example7.10 Consider a Wheatstone's bridge PQRS as 

shown in Fig, 7.18 where current I is in the circuit of four 

resistances 10, 20, 30 and 40 .0. Find the ratio of the heat 
generated in the four arms PQ, QR, PS and SR. 

Q 

20n 

I 
pI, 

R 
G 

I, 

20n 

I, 
s 

Fig. 7.18 
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Sol. Given: R. = lon, Rz = 20 n. R) =20 nand R4 = 40 n. 

N ~= .!.Q=2. ,nd R3 = 20 =2. ow, 
R2 202 R4 402 

RI R) - = -
R2 R4 

Hence Wheatstone's bridge is balanced. Now as the bridge is 
balanced hence no current will flow through arm QS. 

Let I, and '2 be the currents flowing in arms PQ and PS. 
respectively. 

Then potential difference acroKS P and Q = potential difference 
across P and S 

~ I1xJO=12X20 ~ I J = 2/2 

:. Heat produced in arm PQ is 

HI =/~ X IO=40/~ J 
Also heat produced in arm QR is 

H2= ITX20 =80/~J 
Similarly, heat produced,in arm PS is 

Hl = /~x20=20J~ J 
And heat produced in arm SR is 

H4=/~x40=40/~J 
:. HI: H2 : H3: H4=40/ ~: 80 /~: 20Ii:40J~=2 :4: 1 : 2, 

which is the required ratio. ' 

Exa,mple 7.11 A person with body rc.<;istancc between his 

hands of 10 kD: accidentally grasps the terminals of a 18 kV 
power supply. (a) If the Internal resistance of the power 
supply is 2000 n, what is the current through the person's 
body? (b) What is nie powe r dissipated in his body? (c) If the 
power supply is to be made safe by increasing its internal 
resistance, what should the Internal resistance be for the 
maximum current in the above situation to be 1.00 mA or 
less? 

Sol. Given: R= IOkO. V= ISkV 
"a. To find oul current nowing through the body, we need 10 sum 

up the resistances present in the circuit and divide the voltage 
by it. 

1= _V_ = 18 xlO
3 

R+r IO x lO3 + 2xlO l 

3 
= "2=1.5A 

b. We ~now power dissipated 

= 

= VI =/2R= ( 1.5)2 ( J(XXX»= 2.25 x IOCXX> 

::: 22500 = 22.5 kW 

c. To find the internal resistance for the safe limit of power, wc 
can usc the formu la as in pUrl (a). The only difference is here 
I is given and r is to be calculated. 

R+r= ~ =18 x I 0 3 => R+r = 18xlW 
I l x lO-J 

=> r=1 8xI06- . iOxlOl =(l8MQ - iOkQ) 
=: 18MQ 

Heating Effects Qf Current 7.11 

Example7.12 - A circuit contains a 48 V battery and a single 

bulb whose resistance is 240 a. A second identical bulb can be 

connected either in series or parallel with the first one. 
Determine the power in a single bulb when the circuit 
contains (a) only one bulb, (b) (wo bulbs in series a nd (c) two 
bulbs in parallel. Assume that the batfery is ideal without any 
internal resistance. 

Sol. Power consumed by a light bulb is related to its rcsistance 
R and the' voltage across il by 

V' 
p,; -

R 
a. Whcn only the bulb is connected in the circuit, the power it 

consumes is 

V2 (48)2 
p= -=--=9.6W 

R 240 

b. The morc the power dissipated in a light bulh, the brighter 
it is. When identical bulbs are wired in series, each bulb 
receives one half the battery voltage V. The power consumed 
by cach bulb is 

(1/2V)2 I v2 
p= = 

R 4 R 
The power dissipated in ea.ch bu lb is :duced to only one
fourth the power dissipated in a single bulb circuit. Thus the 
brightness of each bulb decreases. 

Also the equivalent resistance of two bulbs is Rcll. = R + R. 

The current in the circuit is given by I = V1Rcq-

The power consumed by one of the light bulbs can be 
expressed as 

p= /2R = ( _V_)2 R = ~= (48)2 = 2.4W 
R + R 4R 4(240) 

c. When the bulbs are connected in parallel. each one receives 
full battery vol tage V. Tttus the poweroonsumcd by each bulb 
remains the same as it only one bulb is present in the circuit, 
so the brightness does not chang;e. 

p= V
1 

= (48)2 = 9.6 W 
R 240 

Example 7.13 An electric kettle has two coils of same power. 

When one coil is switched on, it takes IS min to boll water and 

when the second coil is switched on it takes 30 mill. How long 
will ii iake 10 boil water when both the coils are used in (3) series, 
(b) parallel? 

Sol. Heat produced in resistance R in time t is 

V' 
H= Pt= - I 

For coil I. 

R 

V' 
H2= -(15 x 60) 

R, 
(i) 
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7.12 Physks for IIT-JEE: Electricity and _Magnetism 
• 

And fflr cOli 2, 
v2 
- (30 x 60) 
R, 

But according to the given problem 

H 
. 15 30 

1 = H2, I.e., - = - or R2 =2RI 
RI R2 

a Both the coils are used in series: 

V
2 

V
2 

Hs= (R
1 
+ R

2
) Is = 3R

1 
X ts 

But as here,Hs=H1 (=H2) 

V 2 V 1 
-(15x6O) = - 's 
RI 3R) 

So, 

o. IS= (45x60)s=45min 

h Both the coils arc used in parallel: 

H,,=[V
2 

+V
2

]Xtr= 3V
2 

Xlp 
RI R2 2R] 

-. According to the given problem, H" = H I 

(ii) 

(iii) 

3V 2 V 2 
- XI,,= - x(l5x30) or Ip = (10x60)s=lOmin 
2RI RI 

What amo~nt of heat will be generated in a 

coil of resistance R due to a total charge q passing through it 

if the current in thl: coil: 
(a) decreases down to zero uniformly during a time interval to? 
(b) decreases down to ze~o halving its value every to seconds? 

Sol. 
u. The current decreases uniformly with time, therefore i vs I 

curve is 11 stwight line as shown in Fig. 7.19 with slope II! 
= - iilo. Current as funct ion of time can be written as 

. . (;0] 
1= 10 - ~ (i) 

'. 
Fig. 7.19 

Area under the i-I graph gives the flow of charge q, 
therefore 

. 2q 
=> 10=-

'0 
Suhstilllling in equation 0). we-get 

;=2"(1 --'-] => ;=(2,,_2;'1 
til 10 to (0 ) 

Heat produced in a time interval 10 is 

f f ' f,"(2q 2QI)' dH= i RdlorH= 0 --;;; - -;r Rdl 

4lR = ---
3 '0 

h Here, current decreases from io to zero exponentially with half 
life of 10. The i-I equation in this case is an exponential 
function like the radioactive decay law 

, 

'. 

'. 
Fig. 7.20 

where A= In (2) 
'0 

Total charge, q = f; i dl = J; ioe -AI dl = (i) 
or io=Aq or . i = (lq)e -Ar 

Heat produced in time interval til is 
dH= i2R dl = A 2le-2A.t R dt 

. , , 
H = l2q2R r e -2At dt = q AR ;:; q R In (2) 

o 2 210 
oc 

Example7.15 A variable capacitor is adjusted in position of 

its lowest capacitance Co and is connected with a source of 

constant voltage V for a long time. Resistance of connecting 
wires is R. At t = 0, its capacitance starts to increase so that 
a constant currentl starts to flow through,the circuit. Calculate 
attimet: 

i. power supplied by the source, 
ii. thermal power generated in thl: connecting wire and 
iii. rate of increase of electrostatic energy stored in capacitor. 
iv. What do you infer from above three results? 

Sol. 
i. Since voltage V of the source is constant and the circuit 

draws constant current J from ii, therefo re, power supplied hy 
Ihc source is P = VI. 

ii. Thermal power generated in connecting wires is H = 12R. 
iii. Since initial capacitance orthe capacitor was equal to Co and 

it was connected with the source for long time, therefore 
initial charge on capacitor was qo = CoY. 

Since a constant current I starts to flow at I =·0, therefore at 
time t. charge on capm:itor becomes q = (CoV + 11). 
At limc I, the circuit will be as shown in Fig. 7 .21. Potential 
difference across the capacitor is 

Vc;:; VA.- VIJ =(V-JR) ~ constant 
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.'. Electrostatic energy in capacitor at this instant is 

I 
u= '2 qVc 

c 
A,----;-I f----, B , 

, -
I' 
v 

q 

Fig. 7.21 

R 

.-, . 
Heating ~ffects of Current 7.13 

Rme of increase of electrostat ic energy 

dU I dq I 
= d/= '2Vc tit ~'2 (V -IR)I 

= .!. (Vl _/2R) 
2 

But power acting across the capacitor at this instant is 
Po= P _ H =(VI _ /2R) 

whil e the rate of increase of electrostatic energy if) the 
capacitor is half of it. . 

iv. In fact. a force of attraction exis1s between the surfaces of the 
capacitor. When these surfaces move towards each other 
capacitance increases. Hence. remai ning part of the power 
acting across the capacitor is used to increase kinetic encrgy 
o f surface (plate) of the capacitor. 

EXERCISES 

Subjective Type SolutiQns on page 7.22 

I. A circ uit shown in Fig. 7.22 has resistances R l = 20 nand 
R2 =. 30 Q. At what value of the resistance R" will the 
thermal power generated in it be practically independent 
o f small vari at io ns of that resistance. The voltage 
between the poin ts A and B is supposed to be constnnt in 
this case. 

R, 
A __ Wtv-,--- - -, 

R, R, 

B __ - - --'------' 

Fig. 7.22 

2. A I kW heater is meant to operate at 220 V. 
a. What is the resistance? 
h How much power will it consume if the line voltage drops 

to lOOV? 
c. How many units of electrical energy will it consume in a 

month (of 30days) if it operates 10 h daily at the specified 
volUlge? 

3. Three identical resistors arc connected in series. When a 
certain potcmial difference is appl ied across the combi
nation, thc total power dissipated is 27 W. What power 
would be dissipated if the three resistors were connected in 
parallel across the same potential difference? 

4. A resistor R I consumes electrical power P I when connected 
to an e.m.f. e. When resistor R2 is connected to the same 
e. m.f., it consumes electrical power Pz. In terms of PI and P2• 
what is the total electrical power consumed when they are 
both connected to this e.mJ. source 
a. in parallel? h in series? 

5.200 identical electrical bulbs. each ha -.: ing resistance 
400 Q . are connected in parallel to a d .c; source of e.m.f. 100 
V and internal.resistance 0.1 Q. W.hat is the power consumed 
by each bulb. Also find the percentage change is power 
consumed by each bulb if one bulb turns out. . 

6. A 200 W and a 100 W bulb, both meant for operation at 
220 V, are connected to a 220 V supply. What total power will 
be consumed by them if they arc n. in series. h. in p<irallel? 

7. In the circuit shown in Fig. 7.23, allthe resistors arc ralt."<i at a 
maximum power of 1.00 W. What is the maximum e.mJ. e that 
the battery can have without burning up any of the resistors? 

25.00 . 

25.00 30.0.0 15.0n 

tO O 0 0 

50.0n 

50.0 n f----" 

Fig. 7.23 

8. In the ci rcuit shown in Fig. 7.24, 

10.0 n 20.0 n 

60. 11 

2.00 V -, W.Oq. 

30.00· S.OO 

40.0n 

,. ~ , .OV , IO.O V 

L 5.00 15.on 1 
-~ . 

20.00 

fI' lg.7.24 
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7.14 Physia for lIT.JEE: Electricity and Magnetism 

a. What must the'e.m.f. e of the battery be in order for a 
current of 2.00 A to flow through the 5.00 V battery, as 
shown? Is the polarity of the battery correct as shown? 

b. How long does it take for 60,0 J of thermal energy to be 
produced in the 10.0 W resistor? 

? The water in an elcctrie kettle begins to boi l in 15 min after 
being swit.ched on. Using the same mains supply, should the 
1ength of wire used for heating element be increased or 
decreased if the water is to boil in 10 min? Neglect the heat 
loss to the surroundings. 

10. Three equal resistances connected in series across a source 
of e.m.I. together dissipate P watt of power. What would be 
the power dissipated, if the same resistors arc connected in 
parallel across the same source of e:mJ.? 

11. lWo elcetricbulbs of 50 and 100 W arc given. Which oneof 
the bulb will be brighter when they are connected to the 
mains 
I. ;'18eries ii. in parallel? 

12. If ••• 0 bulbs of25 and 100 W rated at 220 V areconnect.cd in 
series across a440 V supply, will both the bulbs fuse? lfnot 
which one? 

13. A standard 50 W electric bulb in series with a room heater is 
connected across the mains. If the 50 Wbulb is replaced by 
a 100 W bulb, will the heater output be larger, smaller or 
remain the same? 

Hea!er 

! Bulb 

V, -~ •• '~; ._ v, 
<.--- - v - - --..l 

Fig. 7.25 

14. Three 60 W, 120 V light bulbs are connected across a 120 V 
power line as shown in Fig. 7.26. Find (a) the voltage across 
each bulb and (b) the total power dissipated in thc three 
bulbs. 

A 

Fig. 7.26 

Objec!:ve Type Solutions on page 7.25 

1. 1lleoperating temperatureoflhe fil ament of lamp is 2000°C . 
The temperature cocfficient of the material of filame nt is 
O.OO5°C- I . If the atmospheric temperature is O°C, then the 
current in the 100 W-200 V lamp when it is switchcd on is 
nearest 10 

a. 2.5A 
c.4.SA 

b.3.5A 
d .5.5A 

2. In the circuit below (Fig. 7.27), bulb B doCs not light alt.hough 
ammeter A indicates that the current is flow ing. Why does 
the bulb not light? 

A 
D 

~
V.;~~' ~W'i" 

Uaue!)' 

~ 
Fig. 7.27 

a. The bulb is fused 
h There is break in the circu it between bulb and ammeter 
~c. The variable resistor has too large res istance 
d. Thcre is a break in the circuit between the bulb and the 

variable resistancc 
3. Thrce bulbs B I , 8 2 and BJ arc connected to the mains as 

shown in Fig. 7.28. How wi ll the brightness of bulb BI be 
affected ir 8 2 or B} are disconnected from the circuit? 

, 

B, 

rohin 
s, D, 

Fig. 7.28 

a. Bulb B! becomes brighler 
·h Bulb8. bccomesdimmcr 
c. No change occurs in the Brightness 
d. Bulb BI becomes brighter if bulb B2 is disconnected and 

dimmcr if bulb 8 3 is disconnected 
4. Three identical cells, each having an e,mJ. of 1.5 V and a 

constant internal resistance of2.0 Q, are connected in series 
with a4.0 Q resistor R, first as incircuit (i), and secondly as 
in circuit (ii). 

00 
Ci~ui!{i) Circuit (ii) 

Fig. 7.29 

What is the ratio 
Power in R circuit (i) 

Power in R in circuit (ij) 
? 

a. 9.0 b. 7.2 c. 1.8 d. 3.0 
S. All bulbs in Fig. 7.30 are indenticaL Which bulb lights morc 

brightly? 

• 
Fig. 7.30 

al b. 2 c:3 d4 
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6. Which of the two switches SI and S2 shown in Fig. 7.3 1 will 
produce shon-.circui ting? 

oJ:. S, 

S, 

Fig. 7.31 

a S I h S2 

c. Both SI and S2 d Neither SI nor S2 

7. Three similar light bulbs are connected to a constant voltage 
d.c. supply as shown in Fig. 7.32. Each bulb operates at 
nonnal brightness and'the ammeter (of negligible resistance) 
registers a steady current. 

Fig. 7.32 

The (ilament of one of the bulbs breaks. What happens to 
the ammeter reading and to the brightness of the remaining 
bulbs? 

Ammeter reading Bulb brightness 
a. increases increases 
b. increases unchanged 
c. unchanged unchanged 
d. decreases unchanged 

- 8. The circuit shown in Fig. 7.33, contains a battery, a rheostat 
and two identical lamps. What will happen to the brightness 
of the lamps if the resistance of the rheostat is increased? 

Q 
p 

Fig. 7.33 

Lamp P LampQ 

a. Less bright Brighter 
b. Less brighter Less brighter 
c. Brighter Less brighter 
d. No change Brighter 

9.A cell of internal resistances, is concocted to a load of 
resistance R. Energy is dissipated in the load, but some 
thermal energy is also wasted in the cell. The effici ency of 
such an arrangement is found from the expression 

Energy dissipated in the load 

Energy dissipated in the complete circuit 

.. 

Heating Effects of Current ".15 

Which of the following gives the efficiency in Ihis case? 
, R 

a. h. 
R , 

c. RH 
10. When an electric heater is switched on, the curre~t fl owing 

through it (i) is plotted against time (t). Taking into account 
the variation of resistance with temperature, which of the 
following best represents the resu lting curve? 

'~, '~ 
(a) (b) 

(0 ) Cd) 

Fig. 7.34 

11. Two ident ical batteries each of e .m.£. E= 2 V and internal 
resistance r = I Q are available to produce heat in an 
externnl circuit. What is the maxihmm rate of production of 
heat thllt can be obtain.ed ih Ihe external circuit? 
a.1 W b.2W e.4W d. 8 W 

12. Two similar head light lamps are connected in parallel to 
\ each other. Together, th~y consume 48 W from a 6 V battery. 
What is the resistance of each fil ament? 
a. 6 n ~ 4 a 
c. 3.0Q d. 1.5 Q 

13. TWo electric bulbs, rated for the same v~ltage , have powers 
of 200 and 100 w,. If their resistances are r l and r1' 

respectively, then: 
a·'1 =2r2. " b. '2 "; 2rl" 

c.r2= 4' l d. ' 1=4r2 
14. The water in an e lectric kettle begins to boil in 15 min after 

being switched on. Using the same mains supply, should the 
length of the wire used as the heating clement be increascd 
or decreased if the water is to boil in 10 min? 
a. decreased Ii: increased 
c. 'unchanged d. none of the above 

15. If the current in e lectric bulb decreases by 0.5% the power 
in the bulb decreased by approximately 
a.l % ~ 2% 

c. 0.5% d. 0.25% 
16. An electric bulb rated for 500 W at 100 V is used in a ci rcuit 

having a 200 V supply. The resistance R that must be put in 
series with the bulb, so that the bulb draws 500 W, is 
a. l8 n b. '20 n 
c.40n d.700Q 

17. A 2 Q and a V3 Qresistors are connected in paral lel across a 
j V battery. The energy given out per minute is 
a.60 x2x3 J b.60x9I2x3 x3 J 
c. 60 x 112 x 3 x 3 J d. 60 x 3 x 3 x 2 J 
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7.16 Physb for UT-J EE: Electricity and Mag netism 

18. A I OC rise in temperature is observed in II conductor by 
passing a cen ai n current. If the current is doubled. then the 
rise in temperature is approximately 
a.2.5°e b. 4°e 

d. Joe 
19. Two electric bulbs have tungsten filament of same length . 

If one of them gives 60 Wand the other 100 W, then 
a. 100 W bulb has thicker fi lament 
b. 60 W bulb has thicker filame nt 
c. both filamen ts are of same thickness 
d. it is not possible to get different waltages unless the lengths 

are different. 
20. n identical light bulbs. each designed to draw p power from 

a certain voltage supply. arc joined in series acros~ that 
supply. The total power which they will draw is 
a.nP b. P 
c. PI" d. PI"l 

21. A resistor R\ dissipates the power P when connected to a 
certain generator. If a resistor Rl is put in series with R), the 
power dissipated by R) 
a. decreases 
h. increases 
c. remains the same 
d. any o f the above depending upon the relati ve values of 

R] and Rl 
22. Ho~ many calories 'of heat will be approximately developed 

in a 210 W c1eetn..: bulb in 5 min? 
a 15,(0) I:L ),050 
c. 63,(0) d 80,(0) 

23. Two bul bs of equal waltage one having carbon fi lament and 
the other having a tungsten fil ame nt are connected in series 
to the mains. Now, which ofl he fo llowing is true? 
a Carbon fil ament bulb glows more 
I:L Both bulbs glow equally 
c. Tungsten filament bulb glows more 
d Carbon fil ament bulb glows less 

24. A constant voltage is applied between the iwo ends of a 
metall ic wire. If both the length and the radius o f the wire 
are doubled, the rate of heat developed i" the wire will 
a. be halved h be doubled 
e. remain the same d. be quadrupled 

25. The power rating of an electric motor which draws a current 
of 3.75 A, when operated at 200 V. is nearly 
a.54W b.lhp 
c. 500 W d. 750 hp 

26. A cable of resistance 10 W carries e lectric power from a 
generator producing 250 kW at 10,000 V. The current in the 
cable is 
a I ,000 A 
c.IOOA 

h 250 A 
d.25A 

27. In the previous problem, the power lost in the cable during 
transmission is 
a. 3. 15 kW 
c. 6.25 kW 

b. 12.5 kW 
d. 25 kW 

28. The heat generated through 4 and 9 a resistances 
separately, when a capacitor of 100 f..lF capacity charged to 
200 V is discharged one by one, will be 

a. 2 and 8 J. respectively 
b. 8 and 2 J, respecti vely 
c. 2 and 4 J. respectively 
d. 2 and 2 J, respectively 

29. If the length of the filament of a heater is rcduced by 10%, 
the power of the healer will 
a. increase by about 9% b. increase by about 11% 
c. increase by about 19% d. decrease by about 10% 

30. A 2 W he;.,terused for I h cvery day consumes the following 
electrical energy in 30 days 
a. 60 units b. 120 units 
c. 15 units d. none of the above 

31. Two bulbs which consume powers P j and P1 are connected 
in series. The power consumed by the combination is 

a. p ) + P2 b. JifP2 

c. p )P-I(P, + P2) • d. 2P,PI{P, + P,) 

32. Two cells. each of e.m.f. E and intcrnal resis tance T, li re 
connected in parallel across a resistor R. The power 
dclivered to the resistor is ·mH)limum if R is equal to 
a. 1'/2 b. r 

c. 2r d. 0 
33. A constant voltage is applied between the two cnds o f a 

unifonn metallic wire. Some he.1t is developed in it. The 
heat developed is doubled if 
a. both the length and radius of the wire are hal vcd 
b. both the length and radius of the wire are doubled 
c. the radius of the wire is doubled 
d. the length of the wire is doubled 

34. A given resistor cannot carry currents exceeding 20 A. 
without exceeding ils·max imum power dis.o;ipatio n rat ings. 
By forced air cooling suppose that we inerease the ra te at 
which heat can be carried by a factorof 2. Now tOe maximum 
current that the resistor can carry is 

a.IOA b.2MA 

, . 30./2 A d. 40 A 
35. Ifin the circuit, powe r dissipation is 150 W. then R is 

(AIEEE,2002) 

a2a 
c. 5 n 

~ "V 
Fig. 7.35 

b.6" 
d. 4.Q 

36. A wire when connected to 220 V mains supply has power 
dissi pation Pl' Now, the wire is cut into two equal pieces 
which are connected in parallel to the same supply. Powcr 
d issipation in this case is P. Then P2 : P t is (ArEEE.2002) 
a I I:L 4 
e. 2 d. 3 

37. A 220 V, 1,000 W bulb is connected across a 110 V main 
supply. The power consumed will be (AmEE, 2(03) 
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a IOOOW 
c. 500 W 

h 750W 
d. 250 W 

38. A heater coil is cut into two equal parts and only one part is 
now used in the heater. The heat generated will now be 

(AIEEE, 2005) 
a. halved h one-fourth 
e. four times d. doubled 

39. Two electric bulbs whose resistances are in the ratio of I : 2 
arc connected in parallel to a constant vol tage source. The 
powers dissiputed in them have the ratio 
a.I:2 b. I: 1 c.2:1 d.I:4 

40. If the above two bulbs are connected in series, the powers 
dissipated in them have the ratio 
8. 1:2 b.I : 1 c.2:1 d.I:4 

41. Three 10 0 ,2 W resis tors arc connected as in Fig. 7.36. The 
maximum possible voltage between points A and B without 
exceeding the . power d issipation limits or any of the 
resistors is 

Fig. 7.36 

a sJ3 v h 3J3v 
S 

c.15 V d- V 
3 

42. A torch bulb ra ted 4.5 W, 1.5 V is connected as shown in Fig. 
7.37. The e.m.f. oflhe cell needed to make the bulb glow at 
full intens ity is 

0 ' 

a. 4.5 V 

ga"w 
1.5 V 

I n 

, 
/' - 2.67 0 

Fig. 7.37 

h 1.5 V c. 2.67V d 13.SV 
43. An ele<:tric bulb rated 500 W, 100 V is used in a circuit 

having a 200 V supply. The resistance R that must be put in 
series with the bulb. so that the bulb draws 500 W, is 
a. 180 b. 20 0 e.400 d. 7000 

44. A heater is designed to operate with a power of 1000 W on 
a line 100 V. It is connected in combination with resis tance 
of 10 n and a resistance R to line 100 V. The value of R so 
that heat operates with a power of 625 W is 

a Sl1 

licaler 

R 

Fig. 7.38 

f-

b. JO n c. ISO 

• 

d 200 
45. The main supply voltage to a room is 120 V. The resistance 

of the lead wires is 6 n. A 60 W bulb is already giving light. 
What is the decrellse in voltage across the bulb when a 
240 W heater is switched on? 

Heating Effects of Current 1.17 

a no change b. IOV 
Co 20 V d more than 10 V 

46. Fig. 7.39 shows a network of three resistances. When some 
potential difference is applied across t.he network. thennal 
powers dissipated by A. B and C are in the ratio 

a 2:3: 4 
c. 4: 2:3 

3R 

~ 
OR 

Fig. 7.39 

b. 2:4:3 
d 3:2:4 

47. Three equal resistances are connected as shown in Fig. 7.40. 
T he maxi mum power consumed by each resistor is 18 W. 
T hen maximum power consumed by the combination is 

a 18W 
Co 36 W 

Fig. 7.40 

48. Resistors P, Q and R in the 
circuit have equal resista
nces. If the battery is 
supplying u total power of 12 
W. what is the power 
dissipated as heat in resistor 
R? 
a2W 

·c. 3 W 

b. 27 W 
d 54W 

p 

h 6W 
d 8W 

Q 

R 

49. Three bulbs of 40. 60 and 100 Ware connected in series with 
a 240 V source. 
a The potential difference will be mllximum across the 

40 W bulb. 
b. Thecurrent wil l be maximum in the lOOWbulb. 
c. The resistance of the 40 W bulb is maximum. 
d The current through the 60 W bulb will be slightly less 

thanO.1 A. 
SO. Three bulbs of 40.60 and 100 W are connected in series with 

a 240 V source. 
a The potent ial difference will be maximum across the 40 W 

bulb. 
i} The current will be maximum in lOOWbulb: 
c. The resistance of the 40 W bulb is maximum. 
d The current through the 60 W bulb will be slightly less 

than 0. 1 A. 
51. In the circuit shown in Fig. 7.4 1 the heat prO!=luced in the 5 n 

resis tor due to the current flowing through it is to cal S- l • 

The heat generated in the 4 n resistor is 

40 6 0 

5n 

Fig. 7.41 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



7.t8 Physics for IIT-JEE: Elett rid ty an~ l-Iagneti5111 

a. 1 cal S- l 
c. 3 cals-l 

h 2 cals-l 

d 4 cals-l 

52. A battery of internal resistance 4 n is connected to the 
network of resistances as shown in Fig. 7.42. In order that 
the maximum power can be delivered to the network, the 
value of R in n shou ld be 

1E 
R R 

• OR R 

T'" R 4R 

Fig. 7.42 

4 8 
8,- h2 C. - dl8 

9 . 3 
53. Four resistance carrying a current shown in Fig. 7.43 are 

immersed in a box containing icc at ere. How much ice must 
be pUi in the box every 10 min to keep the average quanti ty 
of ice in the box constant? Latent heat of ice is SOcal g~ l ? 

~ 

a. l.I 90kg 

c.4.2kg . 

IOn 

,n 

,n 

r--;- .-
I 
1 Ion 

Fig. 7.43 
I 

b 3.20kg 

d O.25 kg 

54. The three resistances of equal value are arranged in the 
different combinations shown below. Arrange them in 
increasing order of power dissipation . . 

I 
i 
• \'A\ w.\ Ylb 

(I) 

(Ill) 

a III <II <IV<I 
c.I<IV<I1I<Il 

(!I) 

(IV) 

Fi~: 7.44 

h II<lII<IV<I 
d.I < IIl<ll<IV 

55. An ideal gas is filled in a closed rigid and thennally insulated 
cOI)Jainer. A coil of 100 n resistor carrying current I A for 5 
min supplies heat to the gas. The change in internal energy 
of the gas is 
a.lOkJ b. 30 kJ c. W kJ d. Ok} 

56; The resis:ance in which the maximum heat is produced is 
,'given by (Fig. 7.45) 

a. 2W 

Fig. 7.45 

h6W ~4W d 12 W 
57. The resistance of hot tungsten fil ament is about ]0 times the 

cold resistance. What will I?e the resistance of 100 Wand 
200 V lamp when not in use? 
a. 14()(X) W b. 400 W . c. 40 W d.4W 

58. The resistance of the filament of a lamp increases with the 
increase in tempcrature. A lamp rated 100 Wand 200 V is 
connected across 220 V power supply. If the voltage drops 
by 10%, then the power of the lamp will be 
a.90W b. S I W 
c. between 90 and 100W d. betwcen 8 1 and90W 

59. A wire o f length L and three identical cells of negligible 
internal resistance are connected in series. Due to the. 
current, the tempcrature of the wire is raised by .1.rin time t. 
A number N of similar c'ells is now connected in series with 
a wire of same material and cross-section but of length 2L. 
The temperature of the wire is raised by the same amount 
.1.T in the same time. The vallie of N is 
3. 4 b. 6 c. S d. 9 

60. An .electric immersion heater of 1.08 kW is immersed in 
water. After it has reached a temperature of ·lOO°C. how 
much time will be required to produce 100 gof steam? 
a 50 s h420 s c.105 s d210 s 

61. Two electric bulbs A and B are rated 60 and 100 W, 
respectively. If they are connected in parallel to the same 
source, then 
a. both the bulbs draw the same current 
b. bulb A draws more current than bulb B 
c. bulb B draws more current than bulb A 
d. currents drawn in the bulbs are in the ratiooftheir resistances 

62. If two bulbs of wallages 25 and 100 W, respectively. each 
, rated I>y 220 V are connected in series with the supply of 

440 V. Which bulb will fuse~ 
a. 100 W bulb b. 25 W bulb 
c. none of them d. both of them 

63. A 25 W~220 V bulb and a l o'OW~220 V bulb life connected 
in series across a 220 V line; which electric bulb will glow 
more brightly? 
a. 25 W bulb b. 100 W bulb 
c. both wi![ have cqunl incandescence 
d. neither will give light 

64. l\voidcmical heaters rated220V~I OOO W are placed in series 
with each other across 220 V line; then the combined power is 
a. tOOO W b. 2000 W 
c, 500 W d. 4000 W 

65. A heater boils I kg of water in time t ! and another healer 
boils the same water in time 12, If both are connected in 
series, the combination will boil the same water in time: 
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II 12 a --
'I+~ ~-~ 

C.II -(2 d2(t1 + 11) 

66. ·Fig. 7.46 shows three similar lumps Lil L2 and L3 connected 
across a powcr supply. If Ihc lamp ~ foses, ho~ will the 
light emitted by LI and L,. change? 

Fig. 7.46 

a. no change 
b. bri lliance of L l decreases and that of ~ increases 
c. brilliance of both LI and ~ increases 
d. brilliance of both LI and ~ decreases 

67. If a wire of resistance 20n is covered with ice and a voltage 
or210 V is applied across the wire. then the rate of melting 
of ice is 
a. 8.85 g5-' b. 1.92 gs-' 
c. 6.56 gs-l d. none of these 

68. A factory is served by a 220 V supply line. In a circuit 
protected by a fuse marked 10 A, the maximum number of . 
100 W lamps in paral!e!that can be turned on is 
a. II b. 22 
c. 33 d. 66 

69. It takes 16 min to boil some waler in an electric kettle. Due 
to somedefeci it becomes necessary to remove 10% turns of 
the healing coil of the kettle. After repairs, how much time 
will il take to boil the same mass of water? 
a. 17.7 min b. 14.4 min 
c. 20.9 min d. 13.7 min 

70. An electric kettle (rated accurately at 2.5 kW) is used 
to heat 3 kg of water from 15°C to boiling point. It tak~s 
9.5 min. Then the amount of heat that has been lost is 
a. 3.5x I(Y J b. 7xlo' J 
c. 3.5 x 104 J d. 7 x loB J 

71. How many 60 W lamps may be safely run on a 230 V circuit 
fitted with a 5 A fuse? . . 
a. 2 b. 19 
c.20 d. 4 

72. A condenser of cupacity 5 I-lF is connected to a constant 
sourceofe.m.f. 200 'Ii as shown in Fig. 7.47. What wjll be the 
amount of heat produced in R, when the key is thrown from 
contact 1 to 21 

c 

r--;f)<J---
R
,-' 33(10 

I t ~R"' ___ ---1 

'~.=-- -------' 
E 

Fig. 7.47 

; 

Heating Effects of Current 7.19 

a. 0.6) 
c. 6 J 

h O.06J 
d.20J 

73. 'TWo electric bulbs rated PI wa[( - Vvoh and P2 wau-V volt 
are connected in parallel and V volt are applied to it. The 
total power will be 

Pop. 
a. -' - '- watt 

~ + P2 
b. ~ lj P,. wall 

J-l + P-d. _ _ _ 2 watt 
lj P2 

74. If a given volume of water in a 220 V heater is boiled in 
5 min, then how much time will it take for the same volume 
of water in a 110 V heater to be boiled? 
a. 20 min b. 30 min 
c. 25 min d, 40min 

15. The charge nowing through a resistance R varies with lime t 
as Q = at - bt 2

• The total heat produced in R is-

a'R 
a. 6b' 

.' R 
c. 2b 

• 

a'R 
. d. 

b 

';' . .~ . ' . MuLtipLe CorrecQt 
Answers Type 

,. . j..... , 
Solutions on page 7.3/ , 

1. 'TWo electric bulbs rated 25 W, 220 V and 100 W, 220 V are 
connected in series across a 220 V voltage source. The 25 
and 100 W bulbs now draw PI and P2 powers, respectively. 
a.P! = 16W b. P j =4 W 

d. P2=4W 
2. lWo heaters designed for the same voltage V have different 

power ratings. When connected individually across a source 
of voltage V, they produce H amount of heat each in limest, 
and 12, respectively. When used together across the same 
source, they produce H amount of heat in time I. 

a. If they are in series, t = I, + 12 

b. If they are in series, I = 2(11 + (2) 

c. If they arc in parallel. (= t,'2 
(t, +12) 

d. If they are in parallel, t = t l'2 
2(11 + /2 ) 

3. A voltmeter and an ammeter are connected in series to an 
ideal cell of c.m.f. E. The vol tmeter reading is V and the 
ammeter reading is I. Then 

I. V<E 
ii. the voltmeter resistance is VII 

iii. the potcntial difference across the Il.mmeter is E - V . 
iv. voltmeter resistance plus ammete"'resislance = EI" 
Correct statements are 
a. land; i 
c. iii and iv 

h it and iii 
d all ~ " 
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1.20 Physics for IlT..JEE: Electridty and Magnetism 

4. In the circuit shown in Fig. 7.48. 

A 

B 

2 0 
20V 

Fig. 7.48 

a. power supplied by the b<1uery is ZOO W 
h current flowin g in the circuit is 5 A 
c. potential difference across the 4 n resistance is equal to 

the potential difference Beross the 6 n resistance 
d current in wireAB is zero. 

S. Two bulbs consume same energy when operated at ZOO and 
300 V. respect ively. When these bulbs are connected in series 
aeross a d.c . source of SOO V, then 
a. rat io of potential difference 'across them is 312 
h ratio of potential difference across them is 4/9 
c. ra tio of potential difference across them is 4/9 
d ratio of potential difference across them is 2/3 

Asserti on-Reasoni n9 
Type Salutiqns on fHJg~ 7.31 

In the following questions. e.1ch question contains STATEMENT I 
(Assert ion) and STATEMENT II (Reason). Each question has 
four choices a., b., c. and d. out of which ONLY ONE is correct. 

a. Statement I is True, Statement II is True; Statement II is a 
correct explanation for Statement I. 

h Statement I is True, Statement II is True; Statement II is NOT 
a correct explanation for Statement I. 

c. Statement 1 is True, S tatement II is False. 
d Statement I is False, Statement II is True. 

I . Statement I: The wires supplying current to an electne 
heater are not heated appreciably. 
S ta tement II: Resistance of connecting wires is very small 
lmdH oc R. 

2. Statement I: A60W bulb hasgremerresistancc than a lOOW 
bulb. 

v2 

Statement II: P = R ' 
3. Statement I: If the current of a lamp decreases by ZO%, the 

percentage decrease in the illumination of the lamp is 40%. 
Statementll: Illumination ofthc lamp is directly proportional 
to the square of the current through the lamp. 

4. S ta tement I: Healer wire must have high resistance than 
connecting wires and high metall ic point. 
Statement II: If res istance is high, the electrical cO!lductivity 
will be less. 

5, Statement I: However long a fuse wire may be, the safe 
current that can be allowed is the same. 
Statement II: The safe current that can be allowed to pass 
through the fuse wire depends on the radius of the wire. 

6. Statement I: In the circuit of Fig. 7.49, both cells are ideal 
and of fixed e.m.f., the resistor R J has fixed resistance- and 
the resistance of resistor R2 can be varied (but R2 is always 
non-zero). Then the electric power delivered to resistor of 
the resistance R I is independent of the value of resistabce R2. 

R, ',n t', 
Fig. 7.49 

Statement II: If potential difference across a fixed resistance 
is unchanged, the power del ivered to the resistor remains 
constant. 

7. Statement I: lWo bulbs ofZ5 and 100 W rated at 200 V are 
connected in series across a 200 V supply. Rat io of powers 
of both the bulbs in series is Z: 1. 

Statement II: In series connection, current in both bulbs is 
same, therefore power depends on the resistance of the bulb. 

S. Statement I: Since all the current coming to our house 
returns to power house (as current travels in a closed loop), 
so there is no need to pay the electricity bil l. 

Statement II: The electricity bill is paid for the power used, 
not "for the current used. 

9. Statement I: When current through a bulb is increased by 
2%, power increases by 4%. 

Statement II: Current passing through the bulb is 

--,-''--
resistance 

10. Statement I: Internal res istance of battery is drawn parallel 
to battery in electrical circuit. 
Statement II: Heat generated in battery is due to internal 
res istance. 

'Comprehension 
Type 

For Problems 1 - 2 

SolmiotlS OIl fHJge 7.32 

In Fig. 7.50 circuit sect ion AB absorbs energy at a rate of sO W 
when a current j = 1.0 A passes through it in the ind icated 
direction. 

Fig. 7.50 

1. What is the potent ial d ifference between A and B? 
a. IOV h .soV 
c. 'lfJV d 30V 

2. e.m.f. device X does not have internal resistance. What is its 
c.m.f.? 
a 24V 
c.48V 

h 3ZV 
d IZV 
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For Problems 3 - 4 

An e lectric kettle has two heating coils. When one of the coils is 
switched on, the water in the kettle boils in 6 min. and when the 
other is switched on, the water boils in 8 min . In what time will 
the water boils if both the coils are switched on simultaneously: 

3. In series? 
a.14min 
c. 10 min 

4. in parallel? 
a.14min 
c. IOmin 

For Problems 5 - 6 

b. 24/7 min 
d. 1013 min 

b. 24/7 min 
d 100min 

A three-way light bulb hns thrce brightness settings (low, medium, 
high) but only two filaments. The two filaments are arranged in 
three settings. when connected across a 120 V line and can 
dissipate 60. 120 and 180 W. Answer the followings questions: 

S. i. higher resistance filament only working for 60 W 
ii. low resistance filament working for 120 W 

iii. low resistance filament working for 60 W 
iv. high resistance filament working for 120 W 
v. low and high resis tance filaments in parallel for 180 W 

vi. low and high resistance filament in series for 180 W 
a. i, ii and v are correct 
b. i, ii and vi are correct 
c. iii , iv and v are correct 
d. iii , iv and vi aTe correct 

6. When the fil ament of higher resistance burns out then 
intensity in 
a. all three sett ings is 120 W 
b. all three settings is 60 W 
c. two settings is 60 W 
d two settings is 120 W 

For Problems 7 - 9 
In Fig. 7.51, each of the segments (e.g., AE. OM, etc.) has 
res istance r. A battery ofe.m.f. V is connectcd between A and C. 
Imemal resistance o f the bauery is negligible. 

D , 

H 
, 

, 
A 

c , 
, , 

, 
F 

M , , 
, 

E 8 

f--o"~ v s 
Fig. 7.51 

7. What is the equivalent resistance of the system about A 
and C? 

•. , b. ~ 
2 

<. d. 2r 

8. Find the ratio of the power developed in segmentAEto that 
insegmentHM. 
a.1 IJ,2 c.3 d4 

Heating Effects of Current 7.21 

9. If a potentiometer circuit having potential gradient k is 
connected across the points H and C, find the balancing 
length shown by the potentiometer. 

, 2, 
a' k b' 3k 

3, 
c. 2k d none of these 

For Problems 10 - 12 

Referto Fig. 7.52. 

Ii 

"'- G 

3" 

A 
I/D 

In 

,/ 
E · 

7" 
In 

C 
2" '" 2n 

. 
IOV 

Fig. 7.52 

3" , n 

S B 

) 

10. At t = 0, the switch is closed . Just after closing the switch, 
find the current through the 5 Q resistor. 

4 
a. - A 

5 

2 
b. -A 

5 

6 
c. - A 

5 • 
d. 2A 

11. Long time after closing the switch, find the current through 
the 5 Q resistor. 

4 
a. - A 

5 

2 
b. -A 

5 

6 
c. -A 

5 
12. Now. the switch is opened after closing it for a long time. 

Find the total energy dissipated in the system. 
a. 40.8 IlJ b. 50.8,.d 
C.40IlJ .d none of these 

For Problems 13 - 15 

All bulbs consume same power. The resistance o f bulb I is 36 Q. 

Answer the following questions 

J 2 

4 

Fig. 7.53 

13. What is the resis tance of bulb 3? 
a. 4W b. 9W c.12W d.1 8W 

14. What is the resistance of bulb 4? 
a.4 W b. 9W c. 12W d: 18 W 

15. What is the voltage output of the battery if the power of 
each bulb is 4 W? 
a. 12V b.16V 
c. 24 V d. none of these 
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7.22 Physics for HT.JE£: Electricity alld fola9netism 

Matching CoLumn Type Solutions on page 7.34 

Column J "nd Column II contain four entries each. Entries of 
column 1 are to be matched with some entries of column II. One 
or more than one entries of column I may have the matching with 
the same entri es of column n and one enlry of column I may have 
one or more than one matching with entries of column II. 

I. In Fig. 7.54, the resistance R is variaple, r is the internal 
resistance of battery of e.m.f. E. 

R 

E 
, 

Fig. 7.54 

.. Column I ',' . Cobimn ll 

. i. ,Thrminal potential , , 
a. R > r 

•. • '1' , 
' differen<:e acro."!' the . 

, , • I 
.cell to be maximum , 

it P~wer transferred to 1(' 'b. R < r 
. .... • I ' • 

R is less than the . 
maximJm P9SSible • , 
, . ' 

ii ~. P.~wef ~issip.ated in the c::. R= oo , 'II 

cCllismaximum , .' f 
iv. Fastest driftof ions i~' the d. R = O 

, .... I 

.: '!\ct;trolyte in thec eIl will " 
' befor' .... . 

2. Fig. 7 .55 shows a chargmg ClrCUlt of a capacHor. At I = 0, 
S is closed. 

C R 

C~ .. E S 

Fig. 7.55 

• 
, 

CoIUlml I Column II I 
• 

I. When the charging rate of 
a_ , 

" • 
the capatitor is maximum, I , 
" ',' , the current through R is , J t , " 

iI. When charge on the h qlinimum but not zero 
\ . ' . \.' . 

, ~.a~~ltofl~ max.ulluIl1. '1 , . . , 
then current through R is , 

iii. When power' ~~pplied by c. zero 
the batteiiis maxiriluin. then 

, 

h 'n ih \ fI' '" , • " ., 
c arge 0 t e capacitor IS ., , 

iv. The difference in the power d not equal to zero 
supplieJ'b'y' bi ttery' and 

, 

powerco"n'sum~ in"R at ' 
I= Ois ,) ; '" ... 

3. For the circuit shown in Fig: 7.56, 4 cells are arranged. 
In Column I, the cell number is given while in Column II, 
some ,Iatemen! related to cells are given, Match the entries 
of CoJumn I with the entries or Column I I. 

Cell i 
100 

..... ~.~!! .. l.l ...... :)'Y,)JL 

lJJ~~r;;;mI I L~' ............... i L ............... j Cdl lll 
I V. l n ) V.3 n 

... ; Cell IV 
2V,20 

Fig, 7.56 

toIilinn I , CoIUf1U1II 
i. Cell I a. ~~i~! energ)\of, 

,;cell i ~ ~~reasing 
iI. CelID . Il. Cliemieal ~nergy of 

't ell is increasing 
iii. CellID 

I ') , .,,1.>. ( 
c. Work done by cell' 

, 
.. 

1- , ( .... y. \. ........ .", , , .. "..,... ""'l' . is'+ ve "''''j'' ",,,,~. ''''''"1 

i d ' .Thermal energy !' if. Cell IV , 
, 

i developed in cell is'+ve .. 

ANSWERS AND SOLUTIONS 

, Subjective Type 

1. ~~.equiva lcn l resistance. between the points 

-:,R~,~R~, .. Ro= R] + -: 
R2 +Rx 

Power gcncrutcd by 

Rx= I; R.t 

Fmrn F~g . 7,57, 

•• 

, R, 

, r---'-!Wr-r->----, 
I (/·1,) 

R, R. 

Fig. 7.57._ 
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/ 

- 2(RIR2 + RIRx + R2R) (R 1 + R2)Rx 

For maximum value, dPx "" 0 
dR, 

:::::. RIR2+RIRx+R2Rx""Z(R[+ R2)Rx 

R =~=20X30""12n 
xI R[ +R2 20+30 

2. a. The resistance of an electric appliance is given by 

V' 
R=...L 

W 

"" (200)2 "" 40n 
1000 

b. The 'actual powa' consumed by an electric appliance is 
given by 

p",,(~:rXW 

(100)' p"" 200 x1000",,250W 

c. The total electrical energy consumed by an electric 
appliance in a specified time is given by 

E = :E W;h; kWh 
1000 

= 
1000 x (10 x 30) 

1000 
300 kWh 

3. For three identical resistors in series, 

V' 
p =-

4. 

, 3R 

If they are now in parai!el over the same voltage, 

y2 y2 9V2 ' , 
Pl'= -=-1-= - =9Ps =9x(27W)=243W. 

R.q R3 3R 

p[ = e2
/R 1, so RI = e21P[ 

P2 = e2/R[, so R2 = e2/P2 
a. When the resistors are connected in parallel to the c.m.f., 
the voltage across each resistor and thc power dissipated 
by each resistor are the same as if only one resistor were 
connected. 

" Ptot = p[ + P
2 

b. When,the resistors are connected in series the equivalent 
resistance is 

Req = R[ +R2 

e
2 

e2 
= ~P2 

Ptot = --R- = '/ '/ R[+ 2 e Jt+e P2 

Heating Effects of Current 7.23 

5. If R is the resistance of each bulb, then equivalent resistance 
~f N bulbs in parallel, 

R =!!... 
~ N 

:. Current supplied by battery, 

. E 

'=(:+.') 
This current is equally divided among all the N bulbs, as 
potential drop across each bulb is same. 

So, power consumed by each bulb, 

p= (~)' R = E'R 

N (R)' N
2 

N + r 

E'R 
= --"0-"--,

(Nr + R)2 
(1) 

With (N - 1) bulbs, the power consumed by each bulb can 
be obtained by replacing N by (N - 1) in above equation. 

E'R 
S r- 00 

0, - [(N -1)r+ Rf 
Now, percentage change in power consumption o~ each bulb is 

P'-P X IOO =[ (rN+R)2 -']X1oo 
P (r(n-I)+Rf 

. '[ 1 ] = -1 xlOO 

[1 ~ .Nr~ !? ] . , 
As r« (Nr + R) 

( 
,)-' . 2, 

1- Nr+R = 1+ Nr+R 

:. % change in power is 

2, 
--x 100= 
Nr+R 

2xO.lx100 = 0.048% 
200 x 0:1 + 400 

6. As for an electric appliance 

2 
R - Ys 

i.e., 

- W' 

2 
' . Ys 

RIOO = ZR200 =2R wlthR200 =R and - =200W 
R , 

a. When both the bulbs are connected in series, as 
Rs= R +2R=3R, 

y2 yl 1 
Ps= ....d. =- =-x200 = 66.6W 

f?s 3R 3 
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7.24 Physics for IIT·JEE: Electricity and Magnetism 

/ 
b. When both the bulbs are connected in parallel, 

V
2 

V
2 

V
2 

[ I] 3 Pp= ~+..--.'i.=.....JL 1+ - =-x200=300W 
R] R2- R 22 

7. First recognize that if the 40 Q resistor is safe, all the other 
resistors are also safe. 

I2R= P--+ 12(40 Q) = I W 

1= 0.158A 

Now, use series/parallel reduction to simplify the circuit. 
The upper parallel branch is 6.38 Q and the lower one is 
25 Q. The series sum is now 126 Q. Ohm's law gives 

£ = (126 n)(0.158.A) = 19.9 V 

8. a. First, do series/parallel reduction: 
Now, apply Kirchhoff's laws and solve for e: 

20n 

J, 15n 

W5V 2A b ;r 

" 20n 
f , 

1, 

Fig. 7.58 

I1Vadef.= 0: -(20n)(2A) - 5V - (20n) 12 = 0 

12 = 2.25 A 

II + 12 = 2A --+ I] = 2 A - (- 2.25 A) =4.25 A 

&Vadcfa = 0: -(IS n)(4.25 A) + £-(20n)(-2.22A) =0 

£= - 109 V; .polarity should be reversed. 

b. Parallel branch has a lOW resistance. 

11 Vpar= RI= (IOn) (2 A) =20 V 

Cunent in upper part; 

_I1V_20V_3.
A 1- R -30n-3 

Pt= V--+12Rt::'U 
2 . 

(~Al (IOQ)I=601 

t= 13.5s 

9. If ·a resistance R is connected across a source of potential 
difference Joule heat developed in time I is 

V' 
H = Pxt =- xtjoule 

R 
So, to "produce same heat for same V 

t Ii = const, i.e, R"" t 

L 
or p-oct 

A 

or Loct [as p and A are const.] 

So, to boil the water in lesser time the resistance and hence 
length of the coil must be decreased to 10/15, i.e., 2/3 of its 
initial value. 

10. The power consumed by a resistance R when connected 
across a sound of e.m.f. V is given by 

P= (V2IR) 

Now, if r is the resistance of each resistor, the resistance of 
combination, in series, will be 

Rs= r+r+r, i.e., Rs=3r 

and in parallel, 

I I 1 I 
- = -+ -+ - , 
Rp r r r 

. R ' I.e., 1'=3 

So, power consumption in series will be 

V' 
Ps= -

3, 
[asRs =3r] 

and in parallell 

V' [V'l Pp= (r/3)=3-; 

~ = 3[ Vr

2 

] X [~~ l= 9 
And as here, Ps= Ion [given] 

PI' = 9 x (Ps) = 9 x 10 = 90W 

11. Question is incomplete as the voltage for which the bulbs 
are meant to operate is not given. Assuming that both the 
bulbs have same specified voltage, resistance of a bulb will 
be given by 

v' 1 
R = 

., 
i.e., R~ -

W' W 

R" 100 
i.e., Rso= 2R lOO = SO' R,,,, 

i. When the bulbs are connected in series, current through 
each of them will be same and hence in accordance with 

H= I2R, i.e., H=R 

the50 W bulb will be more bright (as Rso> Rwo). 
ii. When the bulbs are connected in parallel, voltage across 
each of them will be same and so in accordance with 

V' 
H= -, 

R 
. H 1 I.e., ex: Ii 

the 100 W.bulb will be more bright (as Rwo < Rso). 

Note: · .·IF ,:('.',.1' .. ,,11' ,j 

.!, .,;f!:; 

In series, current thrQugh both the bulbs. will be same 
but voltage across the SO W bulb will be more while in 

'parallel,' voltage 'across 80th tile billbs will be'sath'e but 
current though tile 100 W bulb will be ~no':'e. "",; ,-, . 

12. As for an electric appliance, R = ' ; • so for same specified 

voltage Vs 
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R25 = 100 =4 
RIOO 25 

i.e., R25 = 4RwithRl oo= r 
Now, in series, potential divides in proportion to resistance. 

So, VI = RI V, Le., V25 = ~x440 = 352V 
(R1 +R2) 5 

i.e., 

From this, it is clear that voltage across the 100 W bulb 
(= 88 V) is lesser than specified (220 V) while across 25 W 
bulb (= 352 V) is greater than specified (220 V), so 25 W bulb 
will fuse. 

13. If a bulb is put in series with a heater of resistance R, then 
power dissipated by the heater is 

V2 (V_Vs)2 
H= .....!:!....= 

, 
Now, as for an electric applicance R = Vs . Assuming Vs to 

W 
be same for all given appliance R "" (I/W) and in series, as VB 
"" R, VB"" (1IW), i.e., voltage drop across the 100 W bulb will 
be lesser than across the 50 W bulb. Hence, the heater 
output will increase when the 50 W bulb is replaced by a 100 
Wbulb. 

Note: 
The question is incomplete as here it is 110t mentioned 
that all the appliances are meant to operate at same 
voltage (say 220 VJ. 

14. a. As bulbsB and Carein parallel voltage across B and Cwill 
be same, i.e., VII = V C' Further, if R is the resistance of each 
bulb (as bulbs arc identical), the resistance of bulbs Band C 
together (=RI2) is in series with resistanceR of bulb A and as 
in series, potential divides in proportion to res is tance, 

R 2 2 
=- Vs = -xI20 = 80V 

R+0.5R 3 3 

0.5R I I 
V/J = Vc= 5,V =- Vs =- X120= 40V 

R+O.R 3 3 

[or VB = V c = V- VA = 120-80=40 V] 

b. As actual power consumed by a bulb ( 

P = vI =[V' ]' xw 
R v, 

So, total power consumption 

(4 + 2)60 
P = PA + PB + PC = P/l + 2Pe= =40W 

9 

Objective Type 

1. d. 

So, 

Rzoo = 200 x 200 = 400 0 
100 

400= Ro[1 +0.005 X 2000] 

400 
Ro= -",,360 

11 

Heating Effects of Current 7.25 

200 
Hence, current I = 36 = 5.5 A 

2. c. It is case of weak current. 

1= 10 A= 10 A=IO A = IA 
15 4 2 1 5 + 2 + 3 10 - + - + + 

3, a 

3 2 

V' 
4. a.PowerP = R 

Since R is common, P "" V2 

Power ratio = (Ii)' ~ (4.5)2 = 32 = 9 
V2 1.5 

5. a. Maximum current flows through bulb l. 
6. b. When the switch 52 is closed, the whole of current shall 

flow through the connecting wire only which is supposed to 
have zero resistance. 

7. d. Suppose V is the voltage of the supply and R is the 
resis tance of each bulb. 

R V V 
Now, Rp = - and current in ammeter,] = - = 3-

3 Rp R 

provided all three bulbs are working properly. 
If one bulb has broken down, then 

R V 
R1'="2 and 1=2li 

:. Current decrease~ and since current through each bulb is 
VIR the same ~s before, brightness of bulbs is not affe~ted. 

8. a. Consider two extreme cases. (i) When the resistance of the 
rheostat is zero, the current through Q is zero since Q is 
short-circuited. The circuit is then essentially a battery in 
series with lamp P. (ii) When the resistance of the rheostat is 
vcry large, almost no current flows through it. So, the 
currents through P and Q arc almost equal. The circuit is 
essentially a battery in ·series with lamps P and Q. 

9. d. Let current 1 flows through the circuit. 

i I. 
,. 

! .. I 

R 

Fig. 7.59 

Energy dissipated in load = PR 
Energy dissipated in the complete circuit = ]2 (r + R) 

]2R R 
. . The efficiency = 2 :=: -R 

] (R+r) + r f 

10. b. When we move in the direction of the current in a tinifonn 
conductor, the potential decreases linearly. When we'pass 
through the cell, from its negative to positive terminal, the 
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1.26 Physics for lIT-JEE: Electricity and Magnetism 

potenti al increases by an amount equaf (0 its potcnliai 
difference. This is less than its e. m.f. , as there is some 
potential drop across ils internal resistance when the cell is 
driving current. 

11. b. Power output is maximum when external resistance is ro. 
4V 

Current in the circuit = 4 n = IA and power in the external 

circui t = (l)2 X 2 = 2 W. 
12. d. Power consumed by each lamp = 24 W. 

Hence using 

13. h 

R= (y2IP) we find 

R = (36/2A) = 1.5 n 
v' 

p= -R' 

v' 
14. a. Heat given H = Ii" This gives 

!!..=~ 
RI R2 

'2 R2 t 2 -=-=-
II RI II 

IfI2 <ll,than / 2 </1 

15. a. p= (lR, dP =2(1/ =2xO.S%=I% 
P I 

16. n 
p 

P = VI,[ =-
V 

500W 
or 1= --= 5A 

lOOV 

soo W. tOO V 100 V 

R 

200 V 

Fig. 7.60 

Now, 5 R= 100 or R=20n 

4 

17. d. Combined resistance = in = ~ n 

3 
y 2 3x3x60 

Energy = - t = J 
R 1/ 2 

=60x3x3x2 J 

18. b. When current is doubled, heating effect becomes four 
times. Now, Q oc 11 T 
So, l!.Tbecomes four times. 

19. a. P = y 2 . If P is more, R is less. R = p!... . Farless R, 'a' is 
R a 

more. So. the 100 W bulb has thicker element. 

. /ly2 y2p P 
20. c. Total resistance = - -. Power = - - =-

p nv
2

" 

21. a. Due to increase in resistance, the current decreases. 
Again, P = [ 2R. Note that /2 is the dominant term. 

. . 2 1O x5x60 
22. a. Heat m calones = = 15000 

4.2 
23. a. Think in terms of resistance. 

24. h 
y2 V2a y2;rr2 

p=- or P= --=--
R pt p I 

25. n p= 200 x 3.75 W =750W ",. j hp 

26, d p= VI;J=!:...= 250xIQOO A = 25A 
V 10000 

27. c. Power lost = 25 x 25 x 10 W 

= 6250W = 6.25 kW 

28. d 

29. h 
v' 

p = I => 
1 

p~
t' 

P' oc I 

t - .!.2.- l 
100 

p-
a 

P' iO 
- =-
P 9 

(; =1)XlOO= C: - I)XIOO 

p'-p 100 
--x lOO= - _ II 

P 9 
30. a. 2kW x 30 h =60 kWh = 60 units 

31. e R=R I +R2 

y2 V2 y2 1 I 1 
- = -+-or -=- + -
P~~P~F; 

P= ~ P:z 
~+I\ 

32. a. The conditi on for delivering maximum power is that the 
external resistance is equal to internal resistance. 

V' 
33. b. Heat developed, H = - I 

R 
Heat developed will be doubled when R is halved . 

Further,R = p i/{1tr2
) 

H = 

So, heat produced will be doubled when both the length and 
radius of the wire arc doubled. 

34. b. Heat produced oc /1 
Initial heat produced = k (20)2 . 
Final heal produced = 2k (20)2 
Tffinal current is J', then 

kI' l = 2 x k X (20)2 => /' = 20J2 A 

35.h 150= 15 xl5 or R= 15Xl5 n 
R 150 

or R= ~ Q=~ n 
10 2 
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! 

2R 3 
Now,--"-

2+R 2 

or4R-3R= 6orR=6D.. 

V' 
36. b. p:= -. R is reduced by a factor of 4. So, P is increased 

R 
b)' a faclor of 4. 

V' 
37. d. P = R' If V is halved, P is reduced by a factor of 4. So, 

new power is 10
4
00 W, i.e., 250 W. 

V' 
38. d. Q = R f. When R is halved, then Q is doubled. 

39. c. Let potential difference of the voltage source be v. If 
resistances arc RI and R2 and power dissipated in them be 
PI and Pl' then 

V2 V2 Po R2 
P I = -,Pl=-'sO .....!..=-

RI Rz Pz R) 

Rz 2 · R 2 
-= - ,so -= -
RI I P2 [ 

40. a. With series combination current through both the bulbs is 
the same. Let this be I . 
Then Pj=j2RlundP2=J2R2 

41. h 

!t=!i 
P2 R2 

V' 
Power= --

R 

0' V" JPR".j2 x,IO".fii5" 2,fs 

Clearly voltage across single resistor of Ion cannot exceed 

2J5 V. Note that the resistance of parallel combination is 
half of 10 n. Thus, the maximum possible voltage between A 

and B is 3...[5 v. 
. 1.5x 1.5

Q 42. d. ResIstance of bulb = = 0.5 Q 
4,5 

Resistance of parallel combination, 

Now, , 

1 
Ix-

R" __ 2 Q=~Q 
I +~ 3 

2 

£-V 
I'=-- . R 

V " 

8 E - 1.5 I 
" --- x -

3 1.5 3 
or E = 13 .5V 

43. b. 
p 

p= VI, I=V or 

Heating Effect~ of Current 7.27 

1= .500W =5A 
100V 

Now, 5R= 100 or R=20 0. 

44. c. Power of the heater P = 1000 W 

Potential difference V = I DO V 

\ V 2 lOOxl00 
:. Resistance R J = P = 1000 = 10 Q 

Now resistance of the circuit is 

45. d. 

= 10+ lOR ~= 100+20R. 
R2 IO+R 10+R 

V' 
Power= - -=: 625 W 

R, 

IOU + 20R 625 
"~"'= 10+R 

R= 15 0. 

120 x 120 n = 240 Q 
60 

100 x 100 

~-----I60 W \--~ 

J20V 

Fig. 7.61 

120 120 
Current = - - - A "-A 

240+6 246 

Voltage across bulb 

120 , _"" ~ __ x 240 V = ! • . f ! ,i 
246 

~----< 240 W \---

60W 1----

J20V 

Fig. 7.62 

120X120
n

::'
60n 

240 
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7.28 Physics for JIT.JEE: Elec:tricity and Magn~tism 

Resistance of parallel combination 

= 6Ox240 Q =480 
60 +240 

Total resistance = (48 +6) 0= 54 0 

120 
Current 1= - A 

54 
VoHage across parallel combination 

120 
= - x 48 V"" 106.7 V 

54 
Change in voltage = (117.1- 106.7) V = 10.4 V. 

46. c. Let current flows from b toa as shown (Fig. 7 .63). 

Rati'ois G/r3R:G/r6R:I2R 

0' :!'~' I 0' 42 3 3' 3' " . 

)R 

. / 
1./ 
3 

6R +, 
Fig. 7.63 

R / b 

47. h. If pOwer consumed in resistor I is 18 W, then power 

consumed in each resistor II and III is ~ W. 
4 

, ,-
Fig. 7.64 

.. Total power consumed 

= (18+J48+~8)W=27W. 
48. a. Let resistors P, Q and R have resistance r. The effective 

resistance across the source is 

(r)(r) r 3r 
Rerr= r+rllr=r +--=r+-=-. 

Current drawn from source is 

I/ Rerr = 12 

~ Is = J 12 = ~ A. 
Reff ,,; 

r+ r 2 2 

Since Q and R have equal resistance r, each draws a current 
of I which is ,given by 

I=.!./ =@A 
2 s f; 

Heat dissipation in Rean now be determined and is given by 

J2r= (~) r=2 W. 

49. b. If power eon§umed in resistor I is 18 W, then power 

18 
consumed in each resistor II and III is 4 w. 

Fig. 7.65 

.. Total power consumed 

( 
18 18) = 18+ 4 +"4 W=27W. 

so. a. Since all the three resistors are in series the same current will 
flow lhrough them. Theirrcsistances are given by R=- VZIP. 

R4fJ= 240 x 240 = 1440 0 
40 

R6C) = 960.0. and Rloo =576Q 

Totlll resistance R = 2976.0. 

1= 240 = 0.0806A 
2976 

potential difference across the 40 W bulb = 1440 x 0.0806 = 
116V 

51. b. Let 'I be the current flowing in the 5 .0. resistor and 
(1 - II ) in 4 nand 60 resistors. The heat generated in the5 n 
resistoris lO cal S-I = 4.2 x 10 Js- I 

.. 4.2xlO=J~R 

/ 1= J4.2; 10 = .J8.4 =2.9A. (i) 

Since AB and CD are in parallel. Therefore, the potential 
difference remains the same between C and D, and between 
A and B.:. (1 - 1. )(4 + 6) = I . x5 

On solving using I I from (i) we get (I - 2.9) 10 ::; 2.9 x 5 

:.1 - 2.9= I.4SorI=4.35. 

Heat released per sec and in the 4 n resistor will be (4.35 -
2.9)2 x 4 = 8.4 Js- I = 2 cal S- I . 

52. h. For maximum power, external resistance is equal to internal 
resistance. Therefore, 

2R=4orR=2 

IOx5 IOx5 20 
53. u. Net resistllncc of circuit, R = 10 + 5 + 10 + 5 = 3 n 
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Heat generated in circuit per minute 

4x105 
. 

= 4 X 1051= 5 kilocal 
4.2 x 10 

Q 
m= -

L 

4x 10
5 

4.2 x 103 x80 = 1.19 kg 

54. a. p/=P(3R) ~1=[2(2:) Prll=[2(~) 

PIV = [2e:) 
:.lII<II<IV<1 

55. b. The heat supplied under these conditions is the change in 
internal energy Q = IlU. The heat supplied Q = i2Rl 
I x 1 x !OO x5 x 60= 30000] = 30kJ. 

56. a. All resistances are in parallel. 

v' 
So, for parane! combination x = R I => 

57. c. When hot, 

v' 
R=

p 
200 x 200 =400 Q 

100 
Hence, when cold, the resistance is 40 W. 

x~ -

R 

58. d. Let the resistance oflhe lamp filament be R. Then 100 = 
(220)21 R. When the voltage drops, expected power is 
P= (220 x 0.9)2IR'. 
Here, R' will be less than R, because now the rise in 
temperature will be less. Therefore, P is more than (220 x 
0.9)2/R = 81 W. But it wi!! not be 90% of the earlier value, 
because fall in temperature is small. Hence, option (d) is 
correct. 

(3E), 
59. b.ln the first case -- r = (m) sill 

R 
(I) 

When the length of the wire is doubled, resistance and mass 
both are doubled. Therefore, in the second case, 

_." (NE)2 
-- I = (2m)s Ilt 

2R 

Dividing equation (2) by (1), we get 

N' 
- = 2 or N2 =36 or N=6. 
18 

(2) 

60. d. L is tne latent heat of vaporization of water, the heat 
required for producing 1 g of steam, 
L = 540cal =540x4.2 =2268 J. 

Energy supplied = 10801s- l
. 

Time required to boil 100 g of water 

= 540 x 4.2x lOO/1080=21Os 

Heating Effects of Current 7.29 

61. c.Given: PA =60W;Pu= 100W 

We know that current flowing through the bulb, 

P 
1= -

V 

We also know that as both the bulbs are connected in 
paranel. therefore potential difference (V) across both the 
bulbs is same. Thus ["" P. 
Since the power of bulb B is greater than that of bulb A, 
therefore bulb B draws more current than bulb A. 

62. b. Resistance of the 25 W bulb, 

RI = ~= (220)2 = 1936 Q 
~ 25 

Resistance of the 100 W bulb, 

R2 = V
2 

= (220)2 = 484 n 
P2 100 

Series resistance, R = R] + R2 = 2420 Q 

Current through the series combination, 

440 2 
I=--=-A 

2420 II 
Potentia! difference across the 100 W bulb, 

2 
V 2 =R1 X/=484x - = 88V 

II 
Thus the bulb of 25 W will be fused because it can tolerate 
only 220 V while the voltage across it is 352 V. 

63. a. Since power P is given by P= V 21R, so R = V 2{P. 
For the first bulb, 

R] = (~2)[(2~~)2]=1936n 
For the second bulb, 

R = (V')[(220)2]=484 Q 
12 R 100 , 

Current in series combination is the same in the two bulbs 
and current 1 is given by 

1= 
V 220 

=~= _I A 
2420 II 

If the actual powers in the two bulbs be P; and P2, then 

p']= [lR] = (~l2 x1936=16W 
II , 

And P2=[2Rl=C\fx484=4W 

Since P; > P2, so the 25 W bulb will glow more brightly. 
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7.30 Physics for IiT·JH: Electricity and Magnetism 

64. n. Let the resistance of the two heaters are denoted by HI 
and H2, respecti vely. 

If the resistance of the series combination be denoted by Rs 
and thc corresponding power by Ps' then Rs = RI + R2. 

\/ 2 V 2 V2 
0 ' - = - + -

0' 

65. c. 

I~~ ~ 1'2 

p = ~ I) ""IOOOx IOOO =500W 
s I~ + f2 2000 

H = 
Y 2 HR 
- ' lor'l ::--' 
HI y2 

Y 2 HR 
- , 2 or 12 = --' 
H 2 V 2 

In series combination, 

H = 
V' 

(0 

(ii) 

66. b. Lei R be the resi stance of each tamp. If E is the applied 
c.m.f .• then the current in the c ircuit I I is given by 

E 
11= R+ ( R I2) = 2E1 3R 

Current flo wing through Lz or L3 

= H~!] = 3~ 
When L) is fused, the whole current flows through l..1 and 

1"'2' Thus 12 = (2~ ) 
$0, current through LJ decreases and the current through 
L2 increases. 

67. c. The rate of heat de veloped is given by 

:'~= (210)2 = 2205 Js- I = 2205 cals-I 
R 20 4.2 

Let III be the amount o f ice mclting per sec and. then 

2205 
mx80= -- or 1II = 6.56gs-1 

4.2 . 

68. h. Cu rrent requ ired by each bulb, 

P 100 
I=-=:-- A 

V 220 

If 1/ bu lbs arc joined in paral lel, then 

II I = I,,,,,, or 
100 

" x-= IO or 11 = 22 
220 

69. b. If Nbc the ilritial numbcr of turns in the coil and r be the 
radius of coi!, then ils resi stance. 

R= p !::.. =pN2!fr 
A A 

V
2
'A 

0 ' Q = illS dO 
4.2 p N2m 

= 
illS de x 4.2 p2!rf 

N V 2A 
= constant 

or ' I'NI = I 
12' N 2 

11= ..2..x J6 mill 
10 

70. n. Energy consumed in 9.511lin 

= 25 x IOOOx 9.5x60J = 1425000 1 

Heat usefully consumcd 

= 3x4.2x IOOx (lOO - 15) J = 107 1000 J 

Loss = 3.5x I()-'i J 

71. b. Walt = vol l x amperc 

6O = 230 x ! Of' 
6 

i = -A 
2 3 

(f II lamps are used in parallel, each allowing 6/23 A, then 
total current, 

II x (6123) :0:; 5 

or n S 19.1 or 11 = !9 

72. b. Conside r lhe position of key 
condenser. 

in contact with Ihe 

:. Energy slored in the condenser = .!. CE 2. Now. the key is 
2 

thrown to contact with 2. If I be the current in the circuit , 
then 

73. c. 

H I= / 2RI nnd H2=/2R2 

H = H I +H2 = PCHI +R2) = ~C£2 

12(500 + 300) "" ~ x (5 x 10- 6
) (200)2 

2 

5 X 10-(' X 100 x 200 x 500 = 0.06 J 
830 

V' 
R - 

I - Po ' , 
V' 

R2 =
/" , 

V' 
Now.I' + P = -= P I 2 R cq 

"' 

/ 
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· . 

v', 
74. a. H = R' When voltllge is halved, the heat becomes one-

fourth. Hence, lime taken \0 heat thc water becomes four 
times. 

75. a.Q =at-bl ~ ; = dQ =a - 2bt 
d, 

j = 0 for t = to = a/2b, i.e., current flows from t = 0 to I = to' The 

f" , heat produced = 0 i Rdt. 

Multiple Correct 
Answers Type 

I. a., d. 
Let V = 200 V; R I and lh = resistance of the 25 Wand 
100 W butbs. 

P I = 25 = V2/R I or RI = V2125 and Rl = V2/ 100 

1-' - - v- -_'I 
Fig. 7.66 

When thc bulbs arc joined in series, the current 

1= ~v,-
RI + R2 

Power in the 25 W bulb =R.12 and in the 100 W bulb = R1/
2, 

2. a.,C. 
Let RI and Rl be the resistances or lhe two heaters and let H 
be the heat produced . 

When used in series, 

V' 
H= --'-

RI + R2 

When used ill parallel, 

When used in series, 

H = _ V=-"'--
RI + R2 

When used in parallel, 

H~(~~+;:) 
3. a.,b.,c .. d. 

Treat all voltmeters and ammeters as resistances. Draw thc 
circuit und fi nd the currents and potential differences for 
each section. 

Heating Effeds of Current 7.31 

4. a. , c., d. 
4 n and 6 11 resistor are short-ci rcuited. Therefo re. no 
current will now through these resistances. Current passing 
through the battery is I = (2012) = lOA. 
This is also the current passing in wire AB from B toA. 
Power supplied by the battery 

p= EI = (20)( 10) =200 W 

Potential difference across the 4 n resistance 

= potential difference across the 6 11 resistance 

5. b.,c. 

v' 
p = -

II 

.. R= ~: or R o< VI,i .e., ~~ =G:r =~ 
When connected in series, potential drop is in the ratio of 
their resistances. So, 

~=.!1. = 4 2 Now,P=1 R 
V2 Rz 9 

0 ' 

0 ' 

Po< R (in series I is the same) 

11 .RI 4 --= - =-
P2 R2 9 

Asserti on- Reasoning 
Type 

1. a. Resistance of the connccting wires is much smaller than 
the electric appliances 10 which current is supplied by the 
wires. 

2. a. From 
v' 

p= - => 
II 

more is the resistance. 

3. d.H oc/ 2 

v2
. • 

II = -, lesser IS the power rating, 
p 

Hz = (!2.)' = (1.2/1)2 = 1.44 
HI I I 'I 

There is44% increase in illumination. 
4. b. Heater wire must have high resistance thun the connect

ing wires so that most of the potent ial drops across the 
heater wire. Because in series more is the resistances, more 
is the potentia! difference. Obviously it should have high 
melting point. 

S. b. Safe current is independent of the length. It depends on 
the radius and property of the material of fuse wire. 

6. a. The potential difference across the resistance is always 
I £1 - E21. Hence llssert ion and reason are true and the reason 
is the correct explanation of the assertion. 

7. d. Ratio of resistances will be 4: I , therefore ratio of powers 
produced will also be 4: I in series. 

8. d. Power used = j2R 
Hence power is consumed, not the current. 

9. b. P =r.zR 
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7.32 Physics for IIT-JEE: Electricity and Magnetism 

IOO%X(d:)= 2(~/ )lOO%. 
10. d. Internal resistance is drawn in series with battery. 

Comprehension 
Type 

For Problems 1 - 2 

1. b., 2. c. 
Sol. As section AB consumes 50 W at I A and P = VI, 

P SOW 
V= VA-VB:::: -=-~=50V 

/ I A 
As Rand C are in series 

V = VR+VC' I.e., VC=V-VR 
But here V=50Vand VR=IR= I x2 :::2 V 

So, Vc=50-2=48V 

Now as the element C absorbs energy and has no 
resistance, it is a source of e.m.f. with zero internal 
resistance (Le., ideal battery) 

Soe.m.f., E= V+lr=:48+ I xO=48V 

and as in charging positi\ fo! and negative terminals of the 
charger are connected to the positive and negative 
tenninals of the battery, respectively, B is connected to 
the negative terminal of element C. 

For Problems 3 - 4 

3. b.,4.b. 
Sol. Heat required to begin boiling is same for every case. Let 

this be H. Let R I and R2 be the resistances of the coils and 
V be the supply voltage. tl ::: 6 min and t2 = 8 min. 
Let 1s is the time when they are in series and 'pis the time 
when they are in paraliel. 

H= power x time 

V 2 V 2 V Z VZ{RI + R2 ) 
H= -tl =-12= 1 = 1 

RI R
J 

R1 +R2 ·! RIR2 p 

V 21 V 2( RI = __ I and Rz = __ , 
H H 

V 21 V2t 
Subtractillg, we get H = s = s 

Rj+Rz V Z(II+12) 
(,=/ j +tz=14min 

Subtracting in H, wegetH= ~(RI + R2 )1" 
RIRz 

H = V211'( ~ + ~ ) 
V 'I V 12 

'I'Z 6 x 8 24 . t=-- =--=-mm 
1'11+12 6+87 

For Problems 5 - 6 

5. a.,6.d. 
Sol. 60 W bulb will be of higher resistance. Ifonly switch' l' is 

closed, 120 W bulb will glow. If only switch '2' is closed, 
60 W bulb will glow. If both the swit~hcs are closed, both 
bulbs will glow with total illumin~tion 180 W. 

• tIJ W 

~v __ 

120 V 

Fig. 7.67 

When the filament of higher resistance (of 60 W bulb) burns 
out then for two settings (either' I' is elosed or both are 
closed) power dissipated will be 120 W. 

For Problems 7 - 9 
7. c., 8. d., 9. b. 
Sol. In loop EBFME: 

VI: -ril -ril +r(~-il)~r(~-il)=Vli 
. ; 
II =-

4 

D G C 

i, i 2 - - il 
2 2 

H F 
i M i --il "2- il 
2 

2 
i 
-- il i , 
2 

AI-~-~--~B 
E 

2 

v s 

Fig. 7.68 

Loop AEBCSA: 

i . . i 
VA - r - - 1"11 - /"II - r- + V = VII 

2 2 

v=ri+2ril v=ri+2ri.-
4 

Let f. is the balancing length, then 
Kl= VH - Vc 

Kf. = G-il}+G-il}+~r 
( 3; 1 Kf. = "2-2il r ' => K f. =ir 

Ke= 2V => f= 2V 
3 3k 
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For Problems 10- 12 
10. d., n. c., 12.a. 
Sol. Initially when all the capacitors are uncharged, they will 

act as conducting wires. Hcnce, all the resistances (except 
5 .0.) win be short-circuited. So, no resistance occurs 
betwecn A and F. So, current through the 5 Q resistor will be 

!Q A =2A. 
S 

In steady state, distribution of current is shown. 

1I 
7<1 F 

l~lG 1,/ 

" 7,F 
£ 

3)IF 3Q H! 3j.1F 

I, 

1/J2D 2j.1F ~ 
B A 

21! I, 

IOV 

Fig. 7.69 

LoopABCEFMA: 

10= 2/1 + 311 + 5(11 + 12) 

10/1+ 5/2= 10 

LoopADGHFMA: 

\0= 3/2+7/2+5(11+/2) 

5/1 + 15/2 = 10 

From (i) and (ii) 

51! 

M 

Hence, current through the 5 Q resistor is 12 + 12 = ~ A 
5 

Potential difference across the 21lF capacitor 

4 8 
=2/1= 2x- =-V 

5 S 
Energy in it is given by 

1 (8)2 64 
U l = "lx2 ".5 =25111 

Potential difference across the 31lF capacitor is 

4 12 
3/

1
= 3x-=-V 

S 5 
Energy in it is given by 

Potential difference across the 3 !-IF capacitor is 

2 6 
312 = 3x-=-V 

S 5 

(i) 

(Ii) 

Heating Effect5 of Current 7.33 

Energy in it is given by 

V)= .!. X 3(~)2 = 54 IJ.1 
2 5 25 

Potential difference across the 7 !-IF capacitor is 

2 14 
7/2 = 7x-=-V 

S 5 

Energy in it is given by 

This whole of the energy stored in all capacitors will be 
dissipated after the switch is opened. So energy dissipated 

= VI + V2+ U3+ U4=40.81J.1 

For Problems 13 - 15 

13. b.,14. a., 15. b. 

Sol. i2 =i3 = Jb 

VI = (V2 + V3) = V 

P2 = P3 

R2= R3 

V2= V3= V!2 

PI = P2 = P3 = P4 (given) 

V 2 (VI2)2 
P I = -; I) =---

36 R3 

As PI = p ) , so R3 =9D. 

Also R3=R2=9Q 

I 
1,,= "3 and/4 = I,P I =P4 =4 W 

(~y RI=(I)2R4=4W 

=> 
R, 
- =R4 
9 

=> R4 =4 D. 

2 

(n 
I • 1 

In 
I. RI =36 

4 • 

", >-I , 
Fig. 7.70 

• 
Also 1= IA 

Roq= 16QandJ = IA,e =1 6V 

(01 

(0) 

(0, 
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7.34 Physics for IIT-JEE: E(ectriclty and Mag netism 

Matching 
CoLumn Type 

l.i. -+ c., ii. -+ a.,b.,e.,d., iii. --+ d., iv. -+ d. 

Sol. 
E 

i=-
RH 

I R 

G:J 
Fig. 7.71 

Terminal potential difference across the cell is 
V:;;E - Ir 

This is maximum if / :;; 0, and this is possible jf R = 00. 

Hencei. -+c. 
Power transferred to R is maximum if R = r. In all other cases 
it will be somewhat less. 
Hence ii. ~ a.,b. ,c .• d. 
Power dissipated in ccll = E / 

This is maximum if I is maximum, 
for this R:;; O. Hence iii. ~ d. 
Also if lis max imum, there will be the fastest drift of ions in 
electrolyte in the cell. Hence iv. ~ d. 

2.i. -+ a .,d., ii. -+ c., iii. -+ c., iv. -+ c. 

Sol. Charging rate mcans current (~~ = I). So, if charging rate 

is maximum, then current is also maximum. Hence i. ~ a,d. 
Charge on the capacitor is maximum in steady state. In 

• 

steady state current becomes zero. Hence ii. --+ c. 
Powersupplied by the battery is maximum initially because 
current is maximum initially. At this time charge on the 
capacitor is zero. Hence iii. --+ c. / 
Difference in the power supplied by battery and power 
consumed in R is 

EI_/2R = EI - IUR) = EI-/£= 0 
Hence iv. --+ c. 

3. i. --+ b.,d., ii. -+ a.,e.,d., iii. -+ a.,c.,d., iv. -+ b.,d. 

I 7 6 
Sol. We have, II = --A, 12 = -A. I) :;; --A . 

20 20 20 
In each cell thermal energy will be dissipated due to internal 
resistance whether the chemical energy of the cell is 
increasing or decreasing. 

i. Cell I is getting charged, hence its chemical energy 
increases. 

ii. Cells II and III both are getting discharged, hence their 
chemical energy is decreasing. So, work done by both 
of them is positive. 

iv. Cell IV is getting charged, hence its chemical energy 
increases. 

I, 100 2V 20 

CD 

" 
IV ® 3V ® 
~ 

10 JQ 

" 
2V 2Q ® 

Fig. 7.72 
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(-'-'----====="1 
I , 

I" CHAPHR " 

I 

Faraday's Law and Lenz's Law 

--------.. - -.. --.--.-.. . -----... --------.=~~= - ---====== ==;] 
,).:> " Magnetic Ftu~ , '/ i ,x J'!;) 11" '1 ,\ ,it,;) :!,~"; ;, ' } 'I;'Appticati6h l;;;-~irchh'ofrs 'Law -11~1 '!,liI 'l! , 

;I,y ,." " -,1 l, ' , !", d., h I.) ,,:r .') I\~dl?' 

} Lents law+ I' ( , j. ; (,)) "',,, :1 ')0> Series and Parallel, Combination of IndU(::tors~ 

} Motional Electromotive r'F~rc~' j "-',./ .' ,.,). ' Co~61mlti(Hl qf ItJdu'ci6r~' wlth' R~~ist6 r~ ( );:;":;' 
'JI, ,a.,,' J .",,, , ,j., ", ,,/, .. 1' I. .. . , ~,'\) "I 

} Induced Electric Field and Inductanc.e . . ;j, } Energy Stored in Magnetic Field of ·an JjClt:'lfl~ 
.-'~"'\"\~\' ;,\ ' ",'l, .'-'i"" I", ",," , 

".} .ltMutual Inductante,!I' ·,~.;<"o _f' " . _ '\. \ l~ Inductor .';").;'111;1 ~Il! 'I· ,;u.;ill '; ;lJjert ffll) 

__ >-_, __ LC Oscillation=s ====.~\=====,~ >- Self-Inductance 
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8.2 Physics for IIT·JEE: Electricity and Magnetism 

MAGNETIC FLUX 

The magnctic flux passing through a loop of area A is defined as 

¢IJ =B·A [for uniform B] 
¢=BA cos e=BJ. A 

where B J. is the component of the magnetic field B perpendicular 
to the face of the loop. and e is the angle between the direction of 
the magnetic field and the vector representing area. Direction of 
area vector is outward normal to the face of the loop (see Fig. 8.1). 

B 

Fig.S.1 

If the surface is not plane, we can divide 'any surface into 
elements of area dA (as shown in Fig. 8.2). For each element we 
determine B J.' the component of normal to the surface at thc 
position of that element, as shown. From the figure, B J.:::: Bcos ¢, 
where ¢ is the angle between the di rection of B and a line 
perpendicular to the sorface. In general, this component varies 
from point to point on the surface. 

Fig. 8.2 

We define the magnetic flux dIDo through the area element dA as 

dcJ.>B=BJ. dA 

The total magnetic flux through the surface is the sum of the 
contributions from the individual area clements: 

¢> 1I = f B J. dA = f B cos ¢dA = J B· ii.. (magnetic flux through 

a surface) 

The unit of magnetic flux is tesla metre2 which is called 
webcr(Wb) in honour of Wilhelm Weber. I Wb = I Tm2. Clearly, B 
can be measuretl in Wb m-2

. I Wb m-2 :::: I T. Sometimes it is 
referred to asflux density. 

Dlustratio~ S';lB A long solenoid with radius 2 em carries a 

current of 2 A. The solenoid is 70 cm long and is composed of 
300 turns of wire. Assuming ideal solenoid model, calculate the 
flux linked with a circular surface, 

a. ifit has a radius of I cm and is perpendicular to the axis of 
the so~enoid: 

i. inside, it outside. 
b. if it has a radius of 3 em and is perpendicular to the axis 

of the solenoid with its centre lying on the axis of the 
solenoid. 

c. if it has a radius greater than 2 em and axis of the solenoid 
subtends an angle. of 60° with the normal to the area 
(the centre of the circular surface being on the axis of the 
solenoid). 

d. if"the plane of the cir~ular area is parallel to the axis of 
the solenoid. 

Sol. For an ideal solenoid: Bout = 0 and Bin = flo (4i1nl) /lon!. 
4" 

So, here Bout :;; 0 and Bin = 10-7 [4i1(300/0.7) X 2] 1.076 X 10-3T 

and for constant field ¢B = J jj ·ds = BS cosO. 

a. As in this situation e= 0 and s = ex (I x 10-2)2 m 

i. ¢in = (1.076 X 10-3) X (i1X 10-4) COS 0 = 3.38 X 10-7 Wb 
ii. ¢OOI = 0 X (nx 10-4) COS 0 = 0 (as Bout = 0) 

b. In this situation e= 0 [Fig. 8.3(a)]. 
So, ¢b = ¢in + ¢out = Bin [i1X (2 X 10-2)2] + BOl,,[1t(32 - 22) X JO-4] 

= (1.076 X 10-3) X (i1X 4 X 10-4) + O(i1X 5 X iO-4} 

= 13.52 x iO-1 Wb 

Note: 
This is the maximum flux which the given solenoid call 
produce for any surface and is indepen.4eut of shape 
and size of the surface if R ~ r. 

c. in this situation, B= 60° [Fig. 8.3(b)], so 
¢c = ¢out = Bin X (i1X 4 X 10-4) cos 60 + 0 [as BOUt = 0] 

or ¢c = ¢,> cos 60 :::: (13.52 x 10-7) x cos 60 = 6.76 X 10-7 Wb 
d In this situation, as'S = 90" ]Fig. 8.3(c)] 

¢d =,Bi" x S X cos 90 = 0 

(.j 

8 

Q p 

(oj 
Fig.S.3 

A long copper wire carries a current of I 

ampere. Calculate the magnetic flux pcr metre of~he wire for 
a plane surface S inside the wire as shown in Fig. 8.4. 
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I 

Fig. 8.4 

Sol. Consider an element of width c/r at a distance r from the axis 
of the wire. The fie ld due to the current / in the wire at the position 

/l 2/' 
of element will be B = ~-. 

47l" r 

1' = _1_X7l"r2 =~ 
ltR2 R2 

So. B = Po 3!....r 
411" R2 

and as its d irec tion is perpendicular to the plane surface, fl ux 
linked with the e lement is given 'by 

... Po 21 d¢= Bdscosu = -2"r (I dr) cos 0 
4H R 

Fig.8.S 

So. the flu x linked with the p!ane surface is gi ven by 
N 

¢= /lo2U Jrdl" = /lo(J£) 
4lt R2 0 411" 

Faraday's Law of ELectromagnetic Induction 
On the basis of several experim~ntnl observations, Michael 
Faraday came to the following conc lusions. 

I . Whenever there is a relative motion between a magnet 
(source o f magnetic field) and a closcd conducting loop, 
electric current appears in the loop. II huppcns because of the 
change in magnetic flu x associated with the loop. 

2. Sincee.m.f. causes current in a circuit. when loop and magnct 
are brought in relative motion current nows in. the loop. This 
implies that an e.m.f. is set up in the loop. Thise.m.f. is known 
as induced e.m.f. and its magnitude is d irectly proportional to 
the rate of change of magnetic flux with time. 

Now, we come to the Faradays's law of electromagnetic 
induction. In mathematical form induced e.m.f. can be given by 

. drpn 
the expressIOn £= --- . 

d, 
As such, Faraday's law in itself is complete to te ll the 

magnitude and jXllarity o f induced e.JIl .f. But Lcnz's rule is 
commonly used to determine the polarity of induced e.m.f. or 
direc tion of induced current. 

Direction of Induced e.m.f. 
We cun find the direction of an induced e.m.f. or current by using 
£ = -d¢/J/dr together with some simple sign rules. Here is the 
procedure: 

Fa raday's law alld Lenis law 8.3 

l. Define a positive direction fo r the area vector A 
2. From the directions of A and the magnetic fie ld ii, 

determine the sign of the magnetic flux F/J and its rate of 
change d$s! dl. Fig. 8.6 shows severa! examples. 

3. Determine the sign of the induced e.m.f. or current. If the 
nux is increasing, i.e., d¢llJl cit is positive. then the induced 
e.m.f. or current is negati ve; if the n ux is decreasing. 
d ¢lB1d1 is negati ve, then thc induced c.m.f. or current is 
positive. 

4. Fin ally, determin e:: the direction of thc induced c.m.f. or 
current using your .':ight h1!nd. Curl the fingers of your right 

hand around the A vector, with your right thumb in the 

direction of A . If the induced c. m.f. or current in thc circuit is 
positive, then it is in the .~allle direction <IS your curled fingers; 
if' the induced e.m.f. or current Is negative, then it is in the 
opposite di rection. 

l'us.i livo nux (<I>. > 0) l'. ) 
I'luxb,:tomilljllllUfCpos;t;V{; 'y,>o 
tll<luox<.t .:.",.r. is negative (e« ) 

,., 

, 
Nti~li"" Ilux (<I>M < OJ l'. ) 
flou; bo:,."omilljl more negative ;;..:;..I. > 0 

J , 
Indtoccd c.IlI . r. isp<>S~ive(c:. ) 

"I 

Po, ilive flux (¢>8 :' 0) (.,. ) 
~lux bcco",inl: I ... p<l5itiv{; 7,<0 
Indue<:<! c.m.f. is ""&3I;ve (e > 0) 

(bl 

;; 
(dC<."re~si nl:) 

~""-=d'~ , 

\ 
Nqoat;,,,, Oux(4)r< OJ ( '. ) 
I'lux "'-'roming less ' ocgM ive T, >0 

Induei'd •. m.r. i. ,.."",1."" (e"' 0 ) 

'" Fig. 8.6 

The magnetic tlux is becom ing (a) more positive, (b) less 
positive, (e) more negative nnd (d) less negative. Therefore, Cf)1J 

is inxscasing in (a) and Cd) lind decreasing in (b) and (c). In (a) 
and (d) the values of the e. mJ. arc negative (they are opposite to 
the di rection of the curled fingers of your right hand when your 

right thumb points along A). In (b) and (c) the values of the 
e.m.f. are positive (in the same d irect ion as the curled fi ngers). 

LENZ'S LAW 

Direction of the Induced Current in .a Circuit 

Lcnz's law states that "when the magnetic flux through a loop 
Changes, a current is induced in the loop such that the magnetic 
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8.4 Physics for liT -JEE: Electrici ty and Magnetism 

field due to the induced current opposes the change in the 
magnetic flux through the loop". 

The above n.ile can be systematically applied as follows to 
determine the direction of the induced currents. 

• Identify the' loop in which the induced current is to be 
determined. 

• Determine the direction of the magnetic field in this loop 
(i.e., in or out of the loop). 

• The direction of flux is the same as the direction of the 
magnetic field. Determine if the flux through the loop is 
increasing or decreasing (because of change in area or 
change in B). 

Choose the appropriate current in the loop that will oppose the 
change in flux. 

• If the flux is into the paper and increasing the flux due to the 
induced current should be out of the paper. 

• If the flux is into the paper and decreasing, the flux due to 
the induced current should be into the paper. 

• Irthe flux is out oflhe paper and increasing, the flux due to 
the induced current should be into the paper. 

• If the flux is out of the paper and decreasing, the flux due to 
the induced current should be out of the paper. 

The ab~ve description is the physical interpretation of Lenz's 
law. We can determine the direction of the induced current 

mathematically by simply applying Lenz's law ~i'><I '" 

with the appropriate conventions. 

The right hand sign convention used is as follows. 

• For counterclockwise current, e.m.f. is positive. 

• For clockwise current, e.m.f. is negative. 

• Magnetic flux out of the paper is positive. 

_ dq,/I 

dt 

• Magnetic flux into the plane of the paper is negative. 

• The rate of change of an increasing positive flux is positive. 

• The rate of change of a decreasing positive flux is negative. 

• The rate of change of an increasing negative flux is negative. 

• The rate of change of a decreasing negative flux is positive. 

Let us consider some of the cases regarding application of 
Lenz's law. 

• Suppose north pole of a bar magnet is moved towards a loop 
as shown in Fig. 8.7. Because of change in magnetic flux 
asso:::iated with the loop Cl.rrent is induced in it. Due to 
induced current, magnetic field is induced in such a way that 
it opposes the motion of the bar magnet. As the north pole is 
moving towards the loop, hence to oppose the motion of the 
bar magnet only the north pole will be induced on that face of 
the loop whieh faces the magnet. The induced current due to 

~ 

the ch'lllge in B is clockwise. as seen from above the loop. 
~ 

The added field Binduocd that it causes is downward, 
~ 

q\PoSing the change in the upward field B. 

, 

-, 
. \ Change in B 

il 
(increasing) 

Fig. 8.7 

• Consider Fig. 8.8. A rectangular 100pABCD is being pulled 
out of the magnetic field directed into the plane of the paper. 
As the loop is dragged out of the field the flux associated 
with the loop which is directed into the plane of the paper 
decreases. The induced current wi!] flow in the loop in the 
sense to oppose the decrease of this flux. For this to happen, 
magnetic field due to the induced current in the loop must be 
directed into the plane of the paper. Hence current in the loop 
must flow in the clockwise sense. 

x X Xu x 
x x ® x 
x x x A 

X X X 

X X X 

X X X 

X X X X 

·Fig.8.S 

8 

, -
t ) 

. Illustration 8.3,;; A closed loop with the geometry shown in 

Fig. 8,9 is'Placed in a uniform magnctic field directed into thc 

plane of the paper. If the magnctic ficld dccrcascs with timc, 
determine the direction of the induccd c.m.f. in this loop. 

AaB 2a C 

"I @ I" @B "I 
FaE 2" f) 

Fig. 8.9 

Sol. There arc two loops that are immersed in the magnetic field, 
namely, ABEFA and BCDEB. 

i l i2 

j,". 1,,-,,' j" 
II i2 

Fig, 8,10 

Consider loop ABEFA. Magnetic flux is into the plane of the 
paper. For loop BCDEB too, the magnetic flux is into the plane of 
the paper. 

In both loops, the magnetic flux is decreasing with time. 
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Therefore the induced current in loop ABEFA, i I ' wiU be in a 
direction so as to induce a flu x into the paper. The direclion of ir 
is clockwise. 

Likewifie in loop BeDEB the currenl;2 will be in a direction 
so as to induce a flux into the paper. The direction of i2 is also 
clockwise. The final induced currents in aU the arms of the loop 
are shown in Fig. 8. 10. 

According to Faraday's law, whenever there is a change in 
magnetic flux an induced e. m.f. is produced. It is wrong to 
interpret the law as follows. 

When there is no change in the magnetic nux, no induced 
c.m.f. will be produced . 

Th,ere are situations when induced e.mJ. is produced but therc 
is no change in magnetic nux. 

Note down the rollowing points regarding the Faraday 's 
law: 

1, As we have seen, induced e.m.f. is produced only when 
there is a change in magnetic flux passing through a loop. 
The flux passing through the loop is given by ¢= BA cos B. 
Thus, flux can be changed in several ways: 

Fig.S.n 
, ~ 

• The magnitude of B can change with time. In the 
problems if magnetic -field is given as a func tion of lime. 
it implies that the magnetic fi eld is changing. Thus, 
B = 8(1), 

• The '.":urrent produced by the magnetic field can change 
with time: So, the current can be given as a function of 
time. Hence, 

I' = j(f) 
• • , xCJJx , . ,I , , I, 

, , , , 
Fig, 8.12 

• The area er:dosed by the loop can change with time. 
This can be done by pulling a loop inside (or outside) a 
magnetic field. By doing so, the area enclosed by the loop 
(hatched area) can be changed. . ~ 

• The angle (}between B and the normal to the loop can 
change with time. This can be done by rotating a loop in 
a magnetic fie ld. 

• Any combination of the above can occur. 

2, When the magnetic field passing through a loop is changed 
an induced e.m.f. and )lence an induced current is produced 
in the circuit. If R is the resistance of Ihe circuit; then 
induced current is given by 

Faraday's Law and le n~'s Law 8.5 

i = ~ = .!.(::!!1..) 
R R dl 

Current starts flowing in the circuit. i.e., flow of charge takes 
place. Charge flown in the circuit in time dl will be given by 

, 1 
dq=idt= - (-d¢n) 

R 
Thus, for a time interval.11 we can write 

.J . AlPs . I (-A¢8) 1 
e - - t;;' I = Ii ---rt and Aq = Ii(-A¢a) 

From these equations we can see that 'e and i are inversely 
proportional to At while Aq is independent of At. It depends 

• , • , I 

on the magnitude of change in flux, not the time taken by it. 

illUstration 8.4 .' A cirt:uiar loop of radius a having" turns is 

kept in a tiorizontal plane. A uniform magnetic field B exists In a 
vertical diredion as shown in Fig. 8.13. Find the e.m.f. induced in 
the loop if the loop is rotated with a uniform angular velocity (J) 

"""", 
a. an axis passing through the center and perpendicular to the 

plane oCthe kKip. 
b. a diameter. . , 

Fig. 8,13 

Sol. 

a. The e.m.f. induces when there is changc of nux. As in this 
case (Fig. 8. 13) there is no change of flux, hence no e.mJ. will 
be induced in the coil. 

h. If the loop is rotated about a diameter there will be change of 
flux with time. In this case e.m.f. will be induced in the coil. 
The area of ihe loop is A = J(a

2• If the normal of Ihe loop 
makes an angle 0 = 0 with Ihe magnetic field at I = 0, Ihis 
angle will become B= (J)f at time I . The flux oflhe magnetic 
field at this time is 

Fig. 8.14 

¢= nBflXI2 co~ 8= IlBflXI2 COS (J)f 

The induced e.m.f. is c= el¢ = R//(/2B(J)sin mI. 
dl 

.m,ustraUon 8.5 " Fig. 8 .15(a) shows two circular rings of 

radii a and b (a > b) joined together with wires of negligible 

resistance, Fig. 8.tS(b) shows th\: pattern obtained by folding the 
small loop in the plane of the large loop. 
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8.6 Physics for IIT-JH: Electricity and Magnetism 

, , , , , , 

(])~!) x x x x 

,@ 
, ' , @.0 x x x • 

, , , , , , , 
(.) (b) (0) 

Fig. S.lS 

The pattern shown in Fig. 8.IS(c) is obtained by twisting the 
small loop of Fig. SiS(a) through 1800

• 

All the three arrangements are placed in a uniform time 

varying magnetic field dlJ = k, perpendicular to the plaue of 
dt 

the loops. If the resistance p~r unit length of the wire is A, 
then determine the induced current in each case. 

Sol. 

tP8=p(a2+b2)B 

d¢B = IO(a2 + b2) = dB Jd.,a2 + b2)k 
dl dt 

e= 

£ IO(a2 +b2 )k 
Induced current, 1= - = 'C'::C:+"cS 

R A[2Jr(a+b)] 

b. ¢II= Jr(/2B_Jrb2B=JrB(a2_b2) 

£= d¢1I = IOdB = (a2 _ b2) = Jrk(a2 _ b2) 
dt dl 

£ IOk(a 2 _b2
) 

Induced current, I = - = "'''O;--'':~ 
R 2;a(a+b) 

= 

" " x x ,@, 
b • 

, , 

, 

• • 

,~, 
x~x 

, 

Fig. 8.16 

_ k(a-b) 

2A 

o. <1>11= Jra2 B _ nb2B = JlB(a2 _ b2) 

£= dCPIJ = Jrk (a2 _ b2) 
dt 

£ k(a-b) 
Induced current, 1 = - = """-0"-' 

R 2A 

m " '""8'6 ' i~ustnlJi'W".~ : ,: A conducting rod of length 1 slides at 

constant velocity v on two parallel conducting rails, placed in 

a uniform and constant magnetic field B perpendicular to the 
plane of the rails as shown in Fig. 8.17. A resistance R is 
connected between the two ends of the rail. 

i. Idenliry ·the cause which produces change in magnetic 
nux. 

ii. Identify the direction of current in the loop. 
iii. Determine the e.m.f. induced in the loop. 
iv. Compute the electric power dissipated in the resistor. 
v. Calculate the meclmnical power requir.ed to pull the rod 

at constant velocity. 

I' 

, , , , '" ' 
R 

, , 
E---f 

, , 
, • , , • • 
, • • , , , 

Q 

Fig. S.17 

Sol. 

i. The change in area produces the change in magnetic nUl(, 
¢1I=Blx = Blv. 

ii. The direction of current in the loop is antic lock wise. As the 
rod moves towards right the numher of crosses in the loop 
increases with time and to oppose the incre,[sing number 
of crosses in the loop the current in the loop must be 
antic1ockwise. 

iii. According to Faraday's law, 1 £1 = d¢1I =Blv. 
dl 

. £ Blv 
The magmtude of current IS 1= - = -

R R 
iv. The electric' power dissipated in the resistor is 

e212v 
Pelee = PR = -R-

v. The mechanical powcr is Pmcch = F"x,v. 
The el(ternal foree is equal and opposite to the Ampere's foree: 

FCXl = - F"Ill!>C'" 
The Ampere's force is given by 

I'~""p<,,, = fill 7! x B or Fml1!>C'" = BI e 
Now, P" .... "'h= (/3/ C)v. 

. e2t 2 
Substituting the value of I, we get P mcch = - - '-. 

II 

Space is divided by the line AD into two 

regions. Region I is field free and region II has a uniform 

magnetic field B directed into the plane of the paper. ACD is a 
semicircular conducting loop of radius r with centre at 0, the 
plane of the loop being in the plane of the pa~r. The loop is 
now made to rotate with a constant angular velocity OJ about 
an axis passing through 0 and the perpendicular to the plane 
of the paper. The effective resistance of" the loop is R. 

, 
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Region [ Region J[ 

X X X X X 
A X X X X X 

w~ , 
X X X X X 

C 0 X X X X X 

D X X X X X 

X X X X X 

Fig. 8.18 

i. Obtain an expression for the magnitude of the induced 
current in t he loop. 

ii. Show the d irection of the current when the loop is 
entering into region II. 

iii. Plot a graph between the induced e.m.f. and the time of 
rotation for Ihe two periods of rotat ion. (nT-JEE, 1985) 

Sol. 

i. When the loop is rotated about an axis passing through the 
centre a and perpendicular to the plane o f the paper. the 
angle between magnetic field vector jj and area A is always 
0°. When the loop is in region I, the magnetic flux li nked 
with loop::: BA cos 0::: 0 the (since B::: 0 in region r ). 

- 112 Br(}) 

REGION X X X X 

Erd6 X X X 

X X X 
X X X 

X X X 

X X X X 

X X X x 
(,) 

'---- -
(b) 

Fig. 8.19 

When the loop enters the magnetic field in region fI , the 
magnetic flux linked with it is given by ¢::: BA . Therefore, c. m.f. 
induced 

(1(1 d (JA dA 
e= - - :::- - (BA)=-B - = B -

dt dt lit tit 

If dBi s the angle rotatcd by the loop in time tit, then lIA is the 
area ofl riangle OEA' 

, , 2 
= - r(rd B)=-r dB 

2 2 

Farada/s law and t enis law 8.7 

I el 2B 1 I e = B _1'2 __ ::: 8_1'2(1) = _0) 
2 (It 22 

As resiSlance of the loop is R, the current induced is given by 

. e I /1,. 20) 
/=-= - - -

R 2 R 
This is the rcqu ired expression for current induced in the loop. 

ii. According to Lenz's Inw thedircction of currem induced is to 
oppose the change in magnetic flu x. So, when emering into 
region 11 the fi eld produced by the current induced 
must be upward. Fonhis. the current in the loop must be 
anticiockwise. 

i ii. When the loop enters the magnetic field the magnetic flux 

linked with it increases and the e.m. f. e = .!. B,.20) I is 
2 

induced in one di rection. When the loop comes oul of the 
field, the fl ux decreases and e.m.f. is induced in opposite 
sense. The graph for reprcsenting the e.m.f. induced versus 
time fo r lwo periods(T= 2ffllV ) is shown in Fig. 8. l9(b). 

Concept Application Exercise 8.1 

1. Consider the hemispherical closed surface as shown in 
Fig. 8.20. (fthe hemisphere is in a uniform magnetic field 
that makes an angle B with the vertical, calculate the 
magnetic flux 

~
:B 

. j {I 

S . 

S: R 
}<"ig.8.20 

a. through the fl at surface SI' 
b. through the hemisphere surface 52' 

2. A cube of edge length l ::: 2.50 em is posi tioned as 
shown in Fig. 8.21. A uniform magnct ic field given by 

jj = (5.001 +4.00J +3 .00£) T exists throughout the rcgion. 

,I 

H' 
l /ij 
/ A-:: - AI 

, , 
/ -- --,-, i - " 

" 1/1 

Fig. 8.21 

IL Calculate the flux through the shaded face. 
b. What is the total flux through the six faces? 

3. A conducting ri ng is placed near a solenoid as shown in 
Fig. 8.22. Find the direction of the induced current in the 
ring 
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8.8 Pilysk s for IlT-JEE: Electricity ~nd Ma91lttisni 

( 

f,: s 
Fi).\.8.22 

ll. at the instanl the switdl in thc (;irClii t containing the 
so le llnid is closed . 

h. ancr the swi tch has hccn dlls..:d for a I O Il~ lime. 
c. at the instant the switch is opcned . 

4. Identify the d irection of indu(;ed cun\:11! as secll from the 
above ill thc followin g cases. 

~j 
o 

:I. Rest 

<Iff 
- > 0 ,I, 

er"'o": , , -
• • x .\' 

,. 
Fi~.H.23 

fNI 
l'.l j 

o 
•• 

•• • • •••• •• d. 

till <: () 
<I, 

(} ,. .< • 

.' 

5. A c in.:u lar loop of wire is in a regi(Jn of spat ially uniform 
magnetic fic ld. as .~ hown in Fig. X.24. The mag llc ti e rie ld is 
di rected into the pl:tllc of the paper. Determ ine the direc tion 
(c lock wise or cuul1!c l'dockwise) of the induced current in 
the loop when 

" (I " ,0 

, -' 

"' 
> " 'to.(lelll 
~" . . ' . ' 

• • f, , 
• 

Fi).\.8.24 

a. U is increasing. h. Il is dccreasing. 
c. U is const,tll t with value /lu' Expla in your reasoning. 

6. Using Let1;t.·s law. dcteI"lll ine the direction of the cUITell! in 
resist(ll' III! of Fig. X.2S whcn 

" ff 

R 

....-/-s 
lii).\.8.25 

a. swi tch S is opt'n~'{ 1 ancr havin)! heen closed for scveral 
)llinu\cs. 

b. coil B is brought closer to coi l A with the switch d osed . 
c. thc resista nce of R is de(;)"eusetl wh ile the sw itch remains 

closed . 

7. A cardholll'd tube is wrapl>cd wilh two windi ngs of 
insulated wire wound in oppositc direc tions. as shown in 
pig. 8.26. Term inals (f and hoI' winding A may be connected 
to a battery through a rcvcrsing sw itch. SWtc whether the 
induced currcnt in the resistOi' H is fromlcft to right or from 
right to left in the following circum stances. 

" I, 

W;nditlgA WindinG II 

1/ 

Fig. H.26 

a. The currcnt in winding A is from (f tob lind is increasing . 
b. The current in windi ng A is from b tO (l and is decreasing. 
c. The current in wind ing It is from" to (/ and is increasing. 

It A smull. !.:i l·culnr ri ng is insidc a larger loop that is 
cOll llccted to a hattery and ;1 switch. as shown in Fig. 8.27. 
Use Lcnz's law \0 find the d irection of the current induced 
in the small ring 

., ,,,-

Fig. M.27 

a. j ust a fter swi tch S is closed; 
h. after S h;ls 1x..'C1l closed for a long time; 
c. j ust after S has been rcopened aftcr bl.:ing closed for a 

longtime. 
9. a. Predict the po lar ity Ill" the capacitor C as shown ill 

Fig. 8.2X when S "ntl N poles of two idellt icalmagnets 
approach the coil from opposite sides wi th equal 
vclocity. ' Ille plane o f the loop contain ing the capacitor 
is l>crpendil.:lll<lr 10 the plane of the paper. 

Fig. 1i.2M 

h. A magnetic field pcrpendicuhlr to the plane of a 
rcc t;Ulgu lar frallle of wi fe is cOill.:entr<l tcd about O. If 
the fiel d (iecreases, will Ihere be any c.m. f. indul.:ed in 
loop I? What about ]onp 27 Explain why. 
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A 

D F 

Fig. 8.29 

B 

c 

10. A coil is placed in a constant magnetic fie ld. The magnetic 
field is parallel 10 the plane of the coil as sho wn in 
Fig. 8.30. Find the c.m.f. induced in the coi l. 

=§=8 
Fig. 8.30 

II . Find thee.m.f, induced in the coi l shown in Fig. 8.3 1. The 
magnetic fie ld is perpendicular to the plane of the coil and 
is constant. 

G) M" ' A 

Fig. S.3. 

12. Find the di rection o f induced current in the coil shown in 
Fig. 8.32. Magnetic field is perpendicu lar to the plane of the 
coil and it is increasing with time. 

Fig. 8.32 

13. Fig. 8.33 shows a coil placed in ndecrcasing magnet ic fiel d 
appl ied perpendicular to lhe plane of thccoil , The magnetic 
field is decreasing at a rale of ]0 T s- I. Find out current in 
magnitude and di rect io n. . 

G A" . ' 
88 

-R= S'l 

Fig.S.33 

14. Fig. 8.34 shows ncoi l placed in a magnetic field decreasing 
at a ra te of lOT s-I , There is also a source of e. m.f. 30 V in 
the coil. Find the magnitude and di rection oflhe current in 
the coil. 

lOY 

GJ-
A. ,m, 

8s 
R - S O 

Fig. 8.34 

Farada/s Law and Lents Law 8.9 

15. A square loop of wi re Wilh resistance R is moved at a 
constant spt.-cd I' across a uniform magnetic field confined 
to a square region whose s ides arc twice the len.ll:lh of those 
of the square loop (as shown in Fig, 8.35). - '... 

I- 21 -I 
i-"---I , , , , 

O~ 
, '.' , 

8 , , , , 
, , , , 

- 2L L 0 L 2L 

Fig. 8.35 

a. Graph the external force F needed 10 move thi! loop at a 
constant speed as a fun ction of the coordinatl? f.fm.m .. ' .. 
x = - 2L lOx:: +2L. (The coordinate X is measured from 
the centre of the magnetic fie ld region 10 the center of 
the loop. It is negative when the center of Ihe loop is 10 

the left of the center of the magnetic field region. Take 
positive force to be 10 the right .) 

b. Graph the induced current in the loop .l.ls.8.funo;:tipn of x~. 

Take counterclockwise currents 10 be positive. 

16. Two magnetic fie lds exist in the two regions as shown in 
Fig. 8.36. A loop abed o f 40 x 10 cm is placed in the fie ld. 
The resis tance per unit length of the loop is r = 2 n. em- I. 
All of a sudden the loop is given a velocity vo= 20 em S- l 

towards right. What is the potential difference V,- Vb? 

.... 
)>: IOZ® 2>: t010 
d < 

I I , 

Fig. 8.36 ., . 

17. The wire shown in Fig. 8.37 is bent in the shape of a tent, 
willI 8= 60.00 and L = 1.50 Ill , and is placed in a uniform 
magnetic field o f magnitude 0.300 T perpendicu lar to the 
Iltbletop. The wire is rigid but hinged at points (I and b. If 
the "tent" is flaltcned out on the table in 0.1 ()() s, what is the 
average induced e .m.f. in the wire during this time? 

b 

F ig.S.37 

18. The plane of n square loop of wiro·.with edge length 
(/ = 0.200 III is perpendicular to the Earth's magnetic field 
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8.10 Ph~lcs for IIT·JEE: Electricity and Magnetism 

at a point where 8:0; 15.0 J.IT, as shown in Fig. 8.38. The total 
resistance or the loop and the wires connecting it to a 
sensitive ammeter is 0.500 n. If the loop is suddenly 
collapsed by horizontal forces as shown, what is the total 
charge passing through the ammeter? 

a a 

F 

A 

Fig. 8.38 

MOTIONAL ELECTROMOTIVE FORCE 
Fig. 8.39 shows a mov ing rod in ,\ uniform magnetic field jj 
directed into the page. If a straight conductor is moving in a 

magnetic field electrons inside it experience a force F:o; eiix ij 
and accumulate at end of the conductor. Thus, an electric field is 

established across its ends. The ev x IJ is balanced by eE in the 
opposite direction, at equilibrium. 

x x x x X -, 
H 

"x 

: 1: x 
L 

x: I", x 
F= "E 

x 

x 

x 

x 

(a) 

x x x x x x x x x x 

(b) 

Fig. 8.39 

o 

(i) 

As dt x v is the arca swept per unit time by length dl and 

hence B(dT x v) is thc flux of induction through the area. 

Therefore;, the motional e.m.r. is equal to the nux of induction cut 

by the conductor per unit time. The magnitude of the potential 

diffe rence V",,:o; V" - VI) is equal to' the electric field magnitude E 
multiplied by the length L of the rod. From the above discussion, 

E:o; VB. So, Val> :0; EL:o; vBL with point (/ at higher potential than 
point b. 

The e.m.f. associated with the moving rod as shown in the 

figure is analogous to that ofa battery with its positive terminal at 

(/ and its negative terminal at b, although the origins of the two 

e.m.f. 's are quite different. 

A motional e.m. f. is also present in the isolated moving rod as 

shown in the figure, in the same way that a battery has an e.m.f. 

even when it is not part of a circuit. The direction of the induced 

e.m.f. as shown in the flgurecan be deduced by using Lenz's law, 

e'ven if the conductor does not form a complete circuit. In this 

case, we can mentally complete the circuit between the ends of 

the conductor and use Lenz's law to determine the direction of 

the current. 
This expression looks very different from our original 

statemel1\ of rmaday's law, which states that e:O; -d¢JJ I dt. In 

1~1ct, the two statements arc equivalent. It can be shown that the 

rate of change of magnetic flux through a moving conducting 

loop is always given by the negative of the expression in the 

figure. Thus this equation gives us an al ternati ve formulation of 

Faraday's law. This alternative is often more convenient than the 

original one in problems with moving conductors. But when we 

have stationary conductors in changing magnetic fie lds, the 

ahovc equation can be used; in this case, e = -d¢o I dt is the 
only correct way to express Faraday's law. 

If a straight conductor is moving with' constant velocity in a 
uniform magnetic field as shown in Fig. 8.39(a) then equation (i) 
can be writtcn as 

e= B·(txv) (ii) 

Equation (ii) is the scalar triple product of the vector that can 
be written using the property of scalar- triple product. 

e :0; B·(exv)=(Bx f) ·v 

:=; v·(Bxf):o; (iiXB)·f= f ,(vxB) (iii) 

It is clear from the above equations that if any of the vectors 
becomes parallel to another, induced motional e.m.f. wi ll be zero. 
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F~r~day's Law and Lenis law S.ll 

Situation Equ ivalent circll it 
. 

, , , , , , , , , , 
, , · , , • , , , , 
, , , , :.: x" 1 

, , R t: .. 8/ .. 
, , , , f;--7 x , , 
, , , , , , , , , , 
, , , , , , , , , , 
, , , , , , , , , , , , , , , , , , , , 

J 
• 

l lE1 '" 11/" :J , • • , , , • • 
• • • • • ,< x "x • • 

:T: 
, , • h "x , • R 

, , , , , , , , , , 

• 

, , , , , , , , , , , • , , • , • , , , 
, , , , , , , , , , 

E 
, ..1- A , , , , • , , , • R, 

"""' .. 
R, -- R, R,' , , , , , , R, --

T ' , , , , , • , , • y , , , , , , • , , , , , ~ , x , x , , , • , , x , x , x , x , 
, , I 
, , x , x , x , , , " ~ ~" " R R 
~, )C 'X;; ~l'l 

-, x , , R 

" 0 , • x , , , x , x , 
I , , , , x , x , , , 

, , x , x , x , , , 
, , , , , , , , : p-.. , , 
• , x . 

:~ , , , , , 
w . R • • , • x , • , , R , , , 

: Yx • 
• , , , , , 
, , , , , , , , , 
, , , , , , , , , , 
• , , , • <, , , , , 
, , , , , , x , , , 
, • , , , , , , , • , 
• , • , , , • • cr~ b • • , • • , • • • , , , • , • , 
• C x~Q..o , , , 

,--;--\ '1,;--,-, • , • 
Fig. 10.40 Fig. 10.4 1 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



8.12 Physics fo r IIT·JEE: Electricity and Magnetism 

A circular loop of radius r moyes with a 

consta nt velocity" in a region wUh uniform magnetic fi eld B. 

Calculate the potential difference between two points (A, B), 
(C, D) a nd (E. F) located o n the loop . 

8 

c D 

, 
Fig. 8.42 

Sol. This illustrat ion highlights a very common misconception in 
students. We know that when a closed loop translates in a uniform 
magnetic tleld. the net e.m.f. induced in the loop is zero. Students 
jump to the conclusion that the potent ial diffe re nce across any 
two p~int s on the loop should also be zero. Thi s conclusion is 
wrong. 

'.~osidir the cllse of two points A and B shown in Fig. 8.43. 
Thcy" ~f~ ' hn j;'''diallleter that is oriented perpendicular to the 
directiou of motion of the loop. Since net induced e.m.f. is zero 
there wi"ll ·be no induced currents in the loop. We can therefore 
cut the loop"along the diameter AS and divide it into two 
semicirculju loops without uffecting the phys ics of the problem. 
Each ofthesc loops can in tum be replaced by slraight conductors 
of length 2,.. The induced c.m.f. across cHch of these conductors 
is Br;.o 'and the potential difference across AB is Brv. Note that 
when we travel through thc whole circui t. the nel induced c.m. f. 
is sti ll zero as the two e.m.f.'s cancel each other. 

8 

,. -0'" , 
F ig. 8.43 

In a si milar manner we can show that the potential d ifrerence 
between C and D is zero and the potentia) difference bet ween E 
nnd F is 2Srv si n Bwherc Bis the angle between li ne EFand the 

·.di rection of motion . 

, , 
."lg.8.44 

, 

,UI!-,stration 8.9 An angle LAOS made ofa conducting wire 

moves a long its bisector through a magn etic fi eld n as 

suggested by Fig. 8.45. Find the e.m.r. ind uced between the two 
free ends if the magnetic field is perpendicular to the plane at the 
angle. 

x x x x x x x x 

x x x Ax x x x 

x x x x x x x 

x e XXXXX X 
o -- ---- --- .---.-.. -.,... .. 

x x x x x x x 

• • • • • • • t 
• • • o· , • • 
• • • • • • • • 

Fig. 8.45 

Sol. Thc rod OA is cqu ivalent toa bancryofe. m.f. vlJfs in 92. TIle 
positive charges of OA shift towards 'A' due to the force . The 
positive terminal of the battery appears towards A. Simi larly. the 
rod 08 is equivalent to a battery of e.m J . vB t sin en with the 
posit ive termi nal towards O. TIle equiv' llent circuit is shown in 
Fig. 8.46. ClcHrly. the c.mJ. between the point A and B is 2mv 
sin B12. 

/' 
{

e ~ vlU sill (1'2 
o , 

~\'B[ Sin &2 

Ii 

Fig. 8.46 

mustr8do~,8.10 i A conducting rod of length e slides lit 

constant velocity 'I on two par aliC! conducting rails, placed in a 

uniform and consta nt llIugnctic fi eldB perpendicular to the plane 
of the r a ils as show n in Fig:. 8.47. A resistance R is connected 
between the two ends of the rail. 

p 

• • • • • 8' 
• • • • • • 
• • • • • • R t • • • • • • 
• • • • • • 
• • • • • • 

Q 

Fig. 8.47 

i. identify the cause which produces change in magnetic flux. 
ii. Identify the direction of cur rent in the loop. 

iii. Determine the e.m.f. induced In the loop. 
Iv. Compute the electric power dissipa ted in the resistor. 
v. Calculate the llIechanical power rcquircd to pull the rod at E 

constant velocity. 

Sol. 
i . TIle change in llrea produces the change in magnetic nux 

fill = Bex = Bev. 
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ii. The directioll of' current in thc loop is ll ntidm:kwise. As the 
rod moves towards right the number of crossc.~ in the loop 
increases with time ,md to oppose the increasing number of 
crosses in the loop the c urre nt in the loop must be 
ant;c!ockwisc. 

iiI. According to Paruday's l<lw, l ei = d¢/I = Hel'. 
dl 

e lU I' 
The magnilUde of (.; urretlt is 1 = - = 

R R 
iv. The electric power dissipated in the resistor is P~k .... = 12R 

n2t 2v 

R 
v. The mechan ica l power is PIl1c<:h = I;~,,\I. 

The external (orce is equal and opposite to thc Am pc rc·.<; 

(orce Fe' l = - r ' Il1f'rn" 
The Ampere's force is givcn by 

F aonJllYC = f hi -; x jj 

or Fa,, ~>= = Bl.l 

Now, P",",.h = {Ell)\!. 

. . . B2t2v2 

SubstItutIng the value oi l, we get P"II.-.:b=--
R 

~ ,Dluslratio,o 8:1H;¥ A rud s lides on a U-shaped conductor. Ir 

the re,<;ishmce orthe circuit at any instant is R, find the forcc 

needed to pull the wire with a cOllshlllt Sllccd v, W hat cxtcl"llul 
)lower is needcd to pull the rod'? 

® ® ® ® if ~ -, 

® ® ® '® '~ 
I'n~ - " ® ® ® ® 

® ® ® ® 
Fig. 8.48 

Show that the ]lower in llllt C(llIa ls thnt dissipated in the 
resistance a t lilly moment. 
Sol. When thc rod moves to the righ t at a speed II, a d m;kwisc 
cu rrent is setup in thc circu it. From Lellz's law we ean sec Ihat 
the induced curre nt must oppose the inc rea.~e of flux dlle 10 

motion of the rod. 
Thus the induced C\IlTc nt is anticlockwise so as to produce a 

magnetic field out of the page (right hand thumb rule). The force 
ex perienced by a current carrying wire in a Illugnelic fie ld is 

I f x jj (or a cOllstant lJ. From Fleming's left hand ru le th is force 

resists out effort 10 move the rod to the right. 

lUI' 
The induced current is I = --. 

II 
2 2 

The magnetic force is 1'/1 = I f./J = 8 e I' 
II 

In order to move the rod at a conSl<llll spced, we mllst cxert a 
(oree equal itlmagnitucle to F/I and di rec ted towards ri ght. 

FarJd~y"s L~w and Lent's Law 8.13 

The external power needed to move the rod for constant R is 

112( 21,2 
p = 1-"1'=---

" The power dissipated in resistor IS 

p = /2/( 

( 

lU l .)2 JJ 2(2 1,2 
or p = -- /( = ---

U R 

Thus the power illpm equu ls the powcr lost as he;ll ill Ihe 

resis(()l". 

~r;nlf: ' 'I\\'() IOllg pal'll llcl horizontal rails, a 

d istancc d apa rt mid cOIch hin'illg .1 resis tance A pCt· unit 

leng th, lire joined at one end bY'1 l'Csistancc R. A pelfeclly 
conducting mel MN of mass 1/1 i.~ free to slide a long th e rails 
without fricti oll {.~ee Fig. 8.49). There i.~ a uniform nmgll etic 
field of induction II nOI'l11a l to th e plane of the papcl' and 
d irected into the pHper. A variable I"m'ec F is applied to the 
m d !'v1N such that,lIs the rod mo"es, a ('onstallt cuncllt nows 
through R. 

" " " 
M 

" " " " 
" " 

, , 
" 

, I : , , , 
~t-1c 

, 
II " " II , , 

" " l " " " " " " 
" 

, , 
N 

, , , 
" 

Fig, 8.49 

i. Fi nd Ihe velocity of the I'od and the applied fOI" ('e F as 
fu nctions o f tl lc clis tHllce x uf th e l'Od 1"1'0111 R. 

Ii. What i"l'llc tion 0 1" tile wor k donc pcr second hy ,.' is 
cOli\'cl'tcti intn hea!'? (IIT.JEI·~ 191'18) 

Sol. 
i. II" thc rod has i Ils tantanC(lllS n~l()(:i t y Ii at a dis tall (.;e .\' (rom N. 

the induced c.m.f. = Bvd. 
[nslant,ll1co\lS re~ i stallCc 0 1" currc nt = N + 2..1.x 

(' Bllc/ 
= In(hK'cd current i = = COllst,ut l 

J(+ 2 A:.'· f( +2A..r 

( /( + 2),.1"); 
Vclocity 11 = - -----

1M 
[I" F is the force OIcting 011 rod. 

,fl' 
F - lIhf = m-

d, 

or /1
'/ fll l dr 

J-" - 1/ = 111-
d r (II 

=1II1'.!!.. j(R+2AX)i) 
(/1 {HI 

2Ai 
= 111 1' -

1M 
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8.14 Physics for IIT-JEE: El~ctrid ty and Ma gnelism 

ii. Work down per second = Fv 
Heat produced per second = P (R + 2..L:) 

i2(R+ 2.h) i2( R + 2AX)8d i8d 
Required ratio '" = = -

Fv F(R + 2Ax)i F 

Bid 
= --=---,---oc 

2m..i(R + 2AX)i 2 

Bid + 2 2 
B d 

Rotation of a Conducting Rod in Constant 
Magnetic Field 

ellSe I: A conducting rod of lenglh f attached to a rod of 
insulaJing material of length L i!; rDlated with constalll angular 
speed in a plane normal to the uniform mllgnetic field B, as shown 
in Fig. 8.50(a). The e.mJ. will be induced across the ends of the 
conducting rod. Consider a small elemental length dxof the rod 
al a distance x from the end of the rod liS shown in the diagram. 

The e.m.f. across the e le mental rod wi ll be & = J «(I x xii) . jj 

Id x xvl = wrdxsin 09 

«(Ix x ii)· jj = 8 (O(rsin8)dx = B{J)X(/x 

£= wB J xdx = ~wBe2 

The rod All may be replaced by a bll tlery of e. mJ. 

with positive terminal towards A. 

Notc: 

1 _ Bwe2 
2 

A becomes the positive termillll/ as positive charges 
accumulate towards A because if = q~x jj (or apply 
Flemillg's left halld rule). 

Case II': (f instead of the rod it had been a disc [Fig . 8.50(b)[, the 
potential difference between the centre of the disc and a point on 
the rim will be same. As the disc is equivalent to a large number of 
rods each haying its one end at thc centre while the other at the rim 
(like spokes in a wheel) and from elect rical point of view the 
situa tion is equivalent to that o f a number of sources of equal e.m.f. 
in parallel. 

, , , , ' 0 ' , , , 
, , , , , , , 
, , , , , , , , 
0 ',It : 

, 
, , , , 

, .0'" , , , , , 
A , , , , , , , , , 

(a) 

Fig.8_50 (Collld.) 

x x x x x x x 

Rouuing diS(: 
(b) 

, 
, 

Fig. 8.50 

, 
, 
, 

, 

, ,r< , 

x-..:J 
, , , , , 

, 
, , , , 
Rotating ring 

«) 

The e.m.f. induced between centre of the disc and circum
ference will be 

& = .!. wl1R2 
2 

where R is the radi us orthe disc. 

Cllse Ill: If instead of rod or disc, it had been a ring which is 
rotated about its own axis and the field had been perpendicu lar 10 

its plane as shown in Fig. 8.50(c). 

2 (/ ~ 
~= Birr = const,soe ::o - = 0 

d, 

·J;Uustration 8.13 A metal rod 1.5 III long rolates about its 

one end in a vcrtical p la ne at right angles to the magnetic 

meridian. If the frequency of rotation is 20 rcy S-l, find the 
c.m.f. induced between the ends oflhe rod (811 = 0.32 G). 

Sol. When the rod rotates in a vertical plane perpendicular to the 
magnetic meridian. it will cut horizontal component of earth's 
magnetic field so that 

x x ~ __ __¥.. x x 

(:'~: #\ 
\x x x Ox~: < : ! 
¥ ... x x x xx x/ 

x ' oX x x x X ,.'~ 
", " . ' -------x x x x x x x 

Fig_ 8.51 

(as OJ = 2trI 

Substituting the giyen data, e = lf X ( 1.5)2 X 20 x 0 .32 x 10-
=4.5mY. 

. Dlustration 8.14 A wire is In the form of a semicircle 0 

radius r. One cnd is aUnched to a n axis about which is rohlie 

with a n angular speed (i). Thc axis is normal to the plane 0 

the semicirclc. Thc wire is immersed in a uniform magneti 
field lJ parallel to the Ilxis. Find the induccd c_m.f. betwcCI 
points 0 and P ofthc scmicirclc. 
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Fig. 8.52 

Sol. It is given that the magnetic fi eld is unifonn. 
.... Join the end points 0 and P and replace the semicircle by a 

straight' rod of length 2r. 
We now have a straight rod rotating in a uniform magnetic 

field in a plane perpendicular to the magnetic field. 
T herefore, the induced e.m.f. between 0 <lnd P wi ll be 

j: 1 2 2 
':>ind= - 8w(2r) = B(J)r 

2 
From the right hand rule we see that electrons will accumulate 

at end O. Therefore, cnd P is at a higher potential than O. 

A metal disc of radius R = 25 em rotates 

with a constant angular velocity OJ = 130 rad S-I about its 

axis. Find ,hl! potential difference between the centre and r im 
of the disc if 

a. the external magnetic field is absent, 
b . the external uniform magnetic field B = 5.0 ruT is directed 

perpendicular to the disc. 
Sol. 

a. Centripetal force required for circular motion of electron is 
generated by a .radial electric fi eld caused by the 
redistribution of the electrons in the disc. 

F = eE =mrar => 

From dV = - E dr, we have 

m(j}1 ---,d, 
e 

dV = 

] " m<ll 
dV= - -- frdr 

v, e 0 

mrai 
E= - -

e 

(9. I x 10-31 )(1 30)2(0.25)1 

(2)(1.6 x 10'·19) 

= 3.0x 10-9 V 0= 3.0 nV 
VI > V2, i.e., potential at centre is more than the putential at 
edgc. 

b. t. disc may be assumed to be made up of a large number of 
radial, conducti ng, difTerential elements rotating with angular 
velocity (j) about the cenlre o f the disc O. Thus, 

I , 
V<C"I~ - V ctlge = 2' BR (j) 

Now, V~enlrc > Vedsc for anticlockwi sc rotation and Vcdgc > 
Vee"lrc for clockwise ro tation. 

Faraday's law and j.enz's Law 

x x 

• 
x C x=? 

x x (., 
Fig.8.S3 

Substituting the values, we have 

• 

® 
,b, 

I , 
VCCOlrc - Vcll£c= 2' x5.0x 10-- xO.25 xO.25 x 130 

=0.Q2V = 20mV 

Motional e.m.f. when the Magnetic Field is 
Non-uniform 

8.15 

In some of the cases motion of 11 conductor may be in ? non
uniform magnetic field. Take the following steps whi le calculating 
motional e.mJ. 

Step I: Determine the magnetic field at all points on the rod. 

Step 2: Consider a small element at some distance from o ne 
end of the rod. 

Step 3: Assuming B to be uniform over this element, calculate 
the potential difference across this element using the procedures 
outlined earlier. 

Step 4: Integrate over the entrie rod to calculate the total 
induced e.mJ. 

Let us learn to calculate the induced e.m.f. through the 
illustmtions given below. 

Dlusttation 8.16 A copper rod of length 0.19 m is moving 

with uniform velocity 10 m S-l parallel to a long straight wire 

carrying a curr(.It of 5.0 A. T he rod is perpendicular to the 
wire with Its euds at distances 0.01 a nd 0.2 m from it. 
Calculate the c.m.f. induced in thc roo. 

Sol. As shown in Fig. 8.54 consider nr. element of length llyat 
a dis tance y from the wire, then at this pos it ion of the clement, 
the magnetic fi eld due to the current·carrying wire PQ wi ll be 

J1<J 2/ . 
B = - - Into the plane of the paper. 

4" y 

So. the e. m,f. induced in the clement dc= Bv dy = Po 2/ Vl/V 
4n y ~ 

and hence the e.m.f. induced across the ends of the rod due to its 
motion in the fie ld of the wire, 

I> J.I /1/ ( ' ) c= f dC ="'!' 2Ivf 2, i.e., c= J.l° 2Iv!og~ ..: 
4)( y 4)( a 

" " 
Substi tuti ng the g iven data with b = (ll + t), 

c= 1O-7 x2x5x 1010g~ 0.20 = \0-5 X log 20 
, 0.01 ~ 

= 10-5 X 2.3036 x 1.30 I 0 = 30 11 V 
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8.16 Physics for lIT .Jff: Electricity and Magnetism 

1 
! 

om m AT I 
d, O.19 m 

• 1 
Fig. 8.54 

Note: 

If the rod is moved at a constant velocity witlt its lengtll 
parallel to tile wire as shown in Fig. 8.54, tlte e.mJ. ill 
ti,e rod will depe1td on its positiOIl. 

E= Bvt = Po 21v 
4,.. y 

10-7 

= -v 
y 

t = IO-1 x 2x5x lO xO.OI 
y 

Furlher, in accordance with Lenz's law (or Fleming's right 
hand rule) the direction of the induced current in the rod in both 
the cases is from B toA withA being at higher potential . 

'.:.Dlu:strutiog,8.17 , ' An infinite wire carries a current I. An 

'S'· shaped conducting rod of two semicircles each of radius r is 
placed at an angle 8 to the wire. The centre of the conductor 
Is at a distance d from the wire. If the rod translates parallel 
to the wire with a velocity v as shown in Fig. 8.55, ealculate the 
e.m.f. induced across the ends OB of the rod. 

®. ® 
• , , • , , , , 

, , .- , 
, , , , , 

0 

d 

® ® 
Fig. 8.55 

Sol. Join the end poim 0 and B and replace the two semicircles by 
a straight rod of length 4r [Fig. 8.56 (a)]. 

The effective rod is nO( ;>erpcndicu lar to thr .. direction of motion. 
Projecting the rod o mo a plane perpcr,dicular to its d irection o f 
motion we find the effective length of the conductors is 4rcos 8 
[F;g. 8.56(b)]. 

We now have a rod of effective length 4r sin 8translating in a 
non·uniform magnetic fi eld. Consider a small element of the wire 
of length (Ir locured at a distance r from the wire. The magnetic 

field at this element is B = 110
1 

[Fig. 8.56(c»). 
2m· 

y 
o 

t 
o 

• (., 
(b, 

!' 
I I 

1--1, '1)-
(0' 

Fig. 8.56 

The potential difference across this element is dV = 110
1 

v (lr . 2,,, 
The potential difference across the ends of the rod can be 

calculated by integrating over the whole end. Therefore, 

J +2rcosO J 
V=IdY ",;: I PUvdr 

2m-
,/ -2rrosB 

Y= pol In [d +2rCQs.Bj 
2m d - 2rcos8 

From the right hand ru le we see thai electrons will accumulate 
at end B. Therefore, end 0 is at a higher potential than 8. 

Concept Application Exercise 8,2 

1. Fig. 8.57 shows a long current-carrying wire and two 
rectangular loops moving with velocity v. Find the direction 
of current in each loop. 

coolSlanl i (i) 

fii) 

Fig. 8.57 

2. A rod of length I is moving with velocity v in magnetic fieldB 
as seeJl in the diagram. Find thee.m.f. induced in alt three cases. 

p ta 

t=: 08 f-' 
(i) ( ii) (i;;) 

3. Fig. 8.58 shows a closed coil ABCA moving in a uniform 
magnetic fi eld 8 with H vclocity v. 
Find (i) c.m.f. induced in thc coi l. 

(ii) e.m.f. induced in curve pUrl ACB and ~traight part 

AB as /x JJ 
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B 

Fig. 8.58 

4. Fig. 8.59 shows an irregular shaped wire AB moving with 
velocity \I, as shown. Find thee.m.f. induced in the wire. 

y 

A 

08 
! , 
: ' , , 

B I 

Fig. 8.59 

5. A circu larooi l of radius R is moving in a magnetic field 8 
with a velocity v as shown in Fig. 8.60. Find the c.m.f. across 
the diametrically opposite points A and 8 . 

.. , ... _-
A~B 

Fig. 8.60 

6. Find the c.m.f. across the points P and Q which flrc 
diametricully opposite points of a semici rcular closed loop 
movi ng in a magnetic fieldils shown in Fig. 8.61. Alsodmw 
the electrical equi valent circuit of each branch. 

G\_y 
p ... , Q 

Fig. 8.61 

7. Find the c.m.f. across the points P nnd Q . which IITC 

diametrically opposite points of a semicircular closed loop 
moving in a magnetic field as shown in Fig. 8.62. A lsodmw 
the electrical equivalence of each bmnch . 

v 

8 f' ~. Q , 
Fig. 8.62 

8. Fig. 8.63 shows a rectangular loop moving in a uniform 
magnetic field. Show the electrical equivalence of each 
bmnch. 

Faraday's Law and Lenfs Lalli 8.17 

,8:-y 

p Q 

Fig. 8.63 

9. Fig. 8.64 shows II rod of length t and resistance r moving 
on two rails shoned by a resistance R. A uniform magnetic 
fie ld B is present nonnallo the plane of rod and mi ls. Show 
the electrical equ ivalence of each branch. 

Moving 
,od 

t 
Fixc(! ~()nd!l c! illg 
thick mi ls 

Fig. 8.64 

R 

10. A rod of length t is kept p<1rallel to a long wire carrying 
constant current i. It is moving away from the wire with a 
veloc ity v. Find the e.m.f. induced in the wire when its 
distance from thc long wire i~ x. 

II. A rectangular loop, as shown in Fig. 8.65, moves away from 
all infinitely long wire carrying a currenl i . Find the e.m.f. 
induced in the rectangular loop. 

Fig. 8.65 

12. A rod of length t is placed perpendicular to a long wire 
currying current i. The rod is moved parallel to the wire 
with a velocity v. Find the e.m.f. induced in the rod, if its 
neare.'it end is at u distance 'a' from the wire. 

Fig. 8.66 

13. A rcctangular loop is moving paral lcl to a long ~ire carrying 
CIUTen! i with a velocity v. Find the e. m.r. induced in the loop, 
if its nearest end is at a distance 'a' from the wire. Draw 
equ ivalent electrical diagram. 

14. A rod PQ of lcngth 2f is fowting about one end P in a 
uniform magnetic field B which is perpendicu lar to the 
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8.18 Physics fOf IlT.JEE: Electricity and Magnetism 

plane of rotation of the rod. Point M is the mid-point of 
the rod, Find the induced e.m.f. between M and Q if that 
betwecn P and Q is 100 V. 

• 

® B " uniform 

21 

F ig. 8.67 

15. A rod PQ of length 2t is rotating about its mid-point C in a 
"nifonn magnetic field B which is perpend icular to the 
plane of rotation of the rod. Find the induced e.m.!. between 
PQ and PC. Draw .the circuit diagram of parts PC and CQ. 

p 

• 

®B 
. ) 
c . 
21 

Fig. 8.68 

Q 

• 

16. A rod of length L and resistance r rotates about one end as 
shown in Fig. 8.69. Its other end touches a conducting ring 
of negligible resistance. A resistance R is connected 
between the centre and periphery. Draw the eleclrical 
equivalence and find the current in resistance R. There is a 
uniform magnetic field B directed as shown in Fig. 8.69. 

R 

Fig. 8.69 

17. Solve problem 16 if the length of rod is2Land resistance 2r 
and it is rotating about its centre. Both ends of the rod now 
touch thc conducting ring. 

E 

o 
D I--~rt-l'--;----/ A 

L 

R 

c 
Fig. 8.70 

18. A rod of length e is rolating with an angular speed wabout 
one of its ends which is at a distance '0' from an infini tely 
long wire carrying current i. Find the c.m .f. induced in the 
rod at the instant shown in Fig. 8.71. 

, , , 

,~=. .. ,=*} 

Fig. 8.71 

19. A rod oflengtn e is rotating with an angu lar speed wabout 
one of its ends which is at a distance 'a' from an infinitely 
long wire carrying current i . Find the e.m.f. induced in the 
rod at the instant shown in Fig. 8.72. 

Fig. 8.72 

20. A rod PQ of mass m and resistance r is moving on two 
fixed, resistanceless, smooth conducting rails (closed on 
both side.~ by resis tances R, and R2). Find the current in the 
rod at the instant its velocity is v. 

®B , 

p 

, 

Q 

Fig. 8.73 

21 . A rod PQ of length e is rotating about end P, with an angular 
velocity ill. Due to centrifugal forces the free electrons in 
the rod move towards the end Q and an e.m.f. is created. 
Find the induced e .mJ. 

w 

p ) Q 

~,------~------;.. 
I 

Fig. 8.74 

22. A ring rotales with angular velocity w about an ax is 
perpendicular to the plane of the ring passing through the 
center of the ring. A constant magnetic field B exists 
parallel to the axis. Find the e.mJ. induced in the ring. Flux 
passing through Ihe ring ¢ = BA is constant here. therefore 
e.m.£. induced in the coil is zero. Every point of this ring is 
al the same potential. by symmetry. 
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· · · 
y 

(:b1ru 
B@ 

Fig. 8.75 

23. A ring rotates with angular velocity (Oubou! an axis in the 
plane of the ring which passes through the center of the 
ring. A constant magnetic field B exists perpendicular to 
the plane of the ring. Find the e.m.f. induced in the ring as 
a function of time. 

F ig. 8.76 

24. In Fig. 8.77, a conducting rod of length L =: 30.0 em moves in 

, magnetic field B of magnitude 0.450 T directed 
into the plane of the figure. The rod moves with speed 
v = 5.00 ms-! in the direction shown . 

x x x x x x x x x 

I" L • I 
x x x x x x x x x 
0- ., 

~" 

jf 
x x x x x x x x 

B 
x x x x x x x x 

Fig.S.77 

a. What is motional e.mJ. induced in the rod? 

b. What is the potential difference between the ends of 
the rod? 

c. Which point, a or b, is at higher potential? 

d. When the charges in the rod 3rc in equilibrium, what are 
the magnitude and direct ion of the electric field within 
the rod? 

e. When the charges in the rod are in equilibrium. which 
poim, a or h, has an excess of positive charge? 

25. The cube shown in Fig. 8.78, 50.0 cm on a side, is in a 
uniform magnetic field of 0.120 T, directed along the 
positive y-axis. Wires A, C and D move in the directions 
ind icated, each with a speed of 0.350 ms- I . (Wire A moves 
parallel to the xy plane, C moves at an angle of 45.0° below 
thc xy plane, and D moves parallel to thexz plane.) What is 
the potential difference between the ends of each Wire? 

Faraday's Law and Lents Law 8.19 

Fig. 8.78 

26. A rod o f mass m,length (and resistance R is s liding down 
on a smooth inclined parallel rails with a constant velocity 
v. If a uniform horizontal magnetic field B exists, then find 
the value of B. 

_ B 

• 
Fig. 8.79 

27. A conducting rod AC of length 41 is rotated about a point 

o in a uniform magnetic field jj directed into the plane of 
the paper.AO = e and OC = 3/. Find V .... - Ve. 

x x x x x 

B 
x xoo x x x 

A 
Q c 

x x 0 x x 

x x x x x 

Fig. 8.80 
28. Consider the sliding wire circuit shown in Fig. 8.8 1. The 

wire slides at constant speed and the plane of the circuit is 
perpendicular to n uniform magnetic field. Show that the 
inducede.m.f. is given I>y E= Blv2tID forO< t < Dill. What 
is the expression for the e.m.£. for t > DIll? 

Sliding wire 

o 

Fig. 8.81 
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8.20 Physics for IIT·JEE: Electricity and Magnetism 

INDUCED ELECTRIC FIELD AND INDUCTANCE 

Induced ELectric FieLd: Induced e.m.f. in a 
Stationary Conductor 
According to Faraday's law, it is the relative motion between the 
loop <lnu the magnet which produces the induced e.mJ.; it does 
not mattcr whether the loop moves towards the magnet or the 
magnct movcs towards the loop. When the loop moves towards 
the magnet, it is the magnetic force which drives the charge to 
flow. But, what causes the induced current in a stationary loop 
when magnet moves towards it? A magnetic field cannot exert a 
force on a stationary conductor produced by the varying magnetic 
nux. Whenever a magnetic field is varying with time, an induced 
electric fie ld E is produced ill any closed path, whether in matter 
or in empty space. 

"Edt = -A dB 
'f dl 

The induced electric field is difTerent from the electrostatic 
field or the Coulomb field. 

• Unlike electrostatic field the lines of induced field form 
closed loops. It is also caned a circuital field or vortex field. 

... It is not a conservative field, i.e., 4> Ed£ ;I:. 0. 

• The line integral of the electrostatic field between any two 
points is the potential difference while the line integral of 
the induced electric field between any two points is the 
electromotive force. 

Galvanomenter 

/ 
Solenoid ft 

1,,,-\ 
'd! 

,-y~____ Shaded cylinder shows region 
wilh magnetic fietd if 

(.) 

(b) 

Fig. 8.82 

Fig. 8.82(a} shows the windings of a long solenoid carrying a 
current Ilha! is increasing al a rate of dlldt. The magnetic flux in 
the solenoid is increasing at a rate of d¢n Idl, and this changing 
flux passes through a wire loop. An e.m.f. e= - d¢/lldl is induced 
in loop, inducing a current I' that is measured by the 
galvanometer G. Fig. 8.82(b) shows the cross-sectional view. 

Note: 

There are two basic mechanisms ofil/duced e.m.j. generation. 
1. The first one involves the motum of a conductor relative 

to magnetic jiehllines, called the motional e,m.j. 
2. The second olle involves the generation of aft electric 

field associated, with a time-varying magnetic field. 
111 the modifiedform, Fraday's law may be stated as: 

t(- -) - - dB e= vxB ·d£-A· 
dt 

Time-varying Magnetic FieLd 
Consider a conducting loop of area 'A' in a uniform but time
varying magnetic field. Rate of change of magnitude of magnetic 

field = dB for the loop, flux linked with it = BA = ¢(say) (take 
dl 

area vector directed along jj). 

Hence, rate of change of flux ¢ is A dB and hence induced 
dl 

dB 
e.m.f. = -A - . 

dl 

, , , , , 
, 
\ , , , , 

-
" "' --

-------

-------

Fig. 8.83 

--

, , , 
\ 

x , , 
E , , 
X , , , 

For non-zero values of dB, there could be a definite current in 
dl 

n(.:.. LIOP, whose direction can be obtained using Lenz's rule. For 

example, if dB > 0, i.e., B is increasing with time, magnetic field 
dt 

produced by the induced current would oppose the elt isting 
magnetic field. Hence, the induced current would be anticlock
wise. 

The curfCnt in the loop can be easily known if the resistance of 
the loop is known as I = elR. 

In the case of motional e.m.f., you learnt that the electric field 
caused due to drifting of electrons is responsible for the induced 
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e.mJ. Do we also have an electric field in the present case which is 
linked with the induced e.m.f.? The answer is partly 'Yes' and 
partly'No'. 

Yes, as there is a definite field and the electric field that you 
know. The electric field that you learnt in electrostatics is 
conservative and the associated lines of force never form closed 
loops. 

On the other hand, the field associated with the induced e.m.f. 
in case of time-varying magnetic field is non-conservative as then 

only we would have non-zero value for~ E" . d 1. Here E" denotes 

the induced field caused by the time-varying magnetic field. 

. d¢ !Ii - -
For the path descnbed by the loop, "'induced = - - = E,,·dl. 

d, 
Consider a magnetic field where B (magnitude of the magnetic 

field) is a function of r (r < R), the distance of the point from 0 as 
shown in Fig. 8.84. For the circular path shown in the figure, 

Forr>R, 

E 

a R 

Fig. 8.84 

E (2",) = ",' I dB I 
/I dl 

E,,= ~I~~I 
E lfr= JrR21dBI 

/I dl 

R'ldBI E,,= h- dI 

[From symmetry, E" can be considered to be of the magnitude 
of energy and on the circular path is directed tangentially.] 

Direction of E" can be easily obtained as it would be 
responsible for the induced current when a conducting loop is 
placed on the given path. For example, in the present case, for 

dB 
> 0, path is in anticlockwise sense. 

d, 

A thin non-conducting ring of mass m 

carrying a charge q can freely rotate about its axis. At the 
initial moment the ring was at rest and no magnetic field was 
present. Then a uniform magnetic field was switched on, 
which was perpendicular to the plane of the ring and increased 

dB 
with time according to a certain law: - = k. 

dt 
Find the angular velocity OJ of the ring as a function of k. 

Faraday's Law and Lenz's Law 8.2 L 

Sol. 
I dB 

E= -R -
2 dt 

X X X X X X 

E 

X X X 

X X X X X 

X X X X X 

X X 

X X X X 

Fig. 8.85 

Electric force on charge dq is given by 

dF=Edq = '!'R(dB)dq 
2 d, 

=> d'f=RdF 

I , (dB) I 2 
=> dT= -R - dq => T= - R kq 

2 dt 2 

Now, 
I 

T= '2R2kq 

I , I , 
=> fa= '2R2kq => mRa=-R kq 

2 

=> 
kq 

=> OJ=:; k,q t a=-
2m 2m 

lUustratiC?n 8.19 A thin non-conducting ring of mass III 

carrying a charge q can rotate freely a~out its axis. At t = 0, 
the ring was at rest and no magnetic field was present. Then 
suddenly a magnetic field B was set perpendicular to the 
plane. 

Find the angular velocity acquired by the ring. 
Sol. Due to the sudden charge in flux an electric field is set up 
and the ring experiences an impulsive torque and suddenly 
acquires an angular velocity. 

X 

x 

x 

X 

x 

X 

, dB 
E= ---

2 d, 

X 

X 

X 

X 

X 

X 

Fig. 8.86 
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8.22 Physic~ for UT-JEE: Electricity and Magnetism 

Force experie nced by an element of ring (IF = dq£ 
Torque experience by ring r = qEr 

,dB 
1'= qE = q- - ' 

2 dl 
angular impulse c;>;pcrience 

f q" f dB L= 1'(11 =- - dl 
2 (If 

Illustration 8.20 . A non-conducting ring of mass In and 

radius R has charge Q uniformaly distribute over its 

circumference. The dng as placed on a rough horizontal surface 
such that the plane of the ring is parallel to the surface. A vertical 
magnetic field B = Bot l tesls is switched on. After 
2 s from switching on the magnetic field. the ring asjust about to 
rotate about vertical axis through its centl:C. 

a. Find fri ction coefficientm between the ring and the surface. 
Ifmagnetic field is switched ofT after,t ~. then find 

b. the angular velocity of the rlngjusl a, •. erswilchingofTthe 
magnetic field. 

c. the angle rotated by the ring before coming to rest after 
switching ofTthe magnetic fi eld. 

Sol. 

r dB 
a. E= --- ~1E1 = 8oRI 

2 (It 
Force on the ring F= QE:: BoQRf. This force is tangenlial to 
lhe ring. The ring starts rolaling when lorque of this force is 
greater Ihan the torque due 10 maximum friction (fnu~ = j.lmg). 
"ff· ~ 1"fric.mu ' F R :2:j.ll1Ig R ~ F> j.lJng 

x 

X 

X 

X 

X 

X 

Hence, 

Given, 

Fig.8.S' 

BoQRI = j.l11Ig 

BoQ Rt 
1'=--

1118 

1= 2s ~ 1'= 

x X 
E 

X 

X 

X 

X 

x 

2B,QR 
mg 

b. After 2 s 

Net torque 1'= TF-1jma. = BoQR21 - j.lmgR 

= BoQRl / - 2BoQR ttlgR 
IIIg 

dO)= BoQ:2 (I-2)d/ 
11IR 

J" dOJ = BoQ f' (t - 2)dl 
o In 1 

((( 

If magnetic fie ld is switched off after 4 s, only force present is 
frictional force which wi1\ retard the motion. 
Retarding torque 1'= 'lfricl ioo 

Angularretardationa = t"rriClion ~a= pmgR = j.lmg ",j.l8 
I IIIR 2 R R 

Using 0)2= %+ 2a{)~ 0 = (B,Q)' -2( I'g)o 
. 111 R 

=> 0= 2(BoQ)' .!!... 
//I pg 

Illustration 8.21 ' A line charge I is wound around an 

insulating disc of mass M and radius R, which is then 

suspended horizontally as shown in Fig. 8.88, so that if is !'ree to 
rotate. In the central region, of radius a, there is a uniform 
magnetic field Bo. pointing up. Now the magnetic field is 
switched off, which causes the disc to rotate. 

Find the angular speed with which the disc: starts rotating. 

Bo 

))' 
Fig. 8.88 

Sol. The induced electric field £ due to changing magnetic fi eld is 
given by (from Faraday's law) 

pi;.dl = -d4>o = _IrR2dB 

dt dl 

, dB 
E·2ffR= - Ira -

dl 

_a2 dB 
~ E=- -

2R dl 
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Hence, induced electric field is tangential to the disc as shown 

.• . •• (/2 dB 
In FIg. 8.86 and !tsmagmtude IsE = - -. 

2R tit 
This electric field causes the disc to rotate. Now torque on the 

disc is -r= (A2KR) ER = 1t).a2R dB . 
dl 

If wis the angular speed of the disc, then 

dL 
T= 

dl 

-r).a2R dB :::: dL 

(where L is the angular momentum) 

dt tit 

[
MR' 1 rlta 2R(Bo-O)= - 2-m- 0 m= 

MUTUAL INDUCTANCE 
Consider Fig. 8.89 that shows two long co-axial solenoids each of 
length i. We denote the radius of the inner solenoid 
SI by 'I and the number of turns per unit length by n l . The 
corresponding quantities for the outer solenoid S2 are r2 and n2 , 

respec·t ively. 

Fig. 8.89 

We pass time-varying current 12 through S2' This sets up a time
varying magnetic flux through SI which we designate by Cl>1 ' The 
mutual inductance is the constant of proportionality given by 

Cl>1 = M I2/2 (i) 
M I2 is called the mutual inductance of circuit I with respect to 

the current 2 sometimes also referred to as the coefficient of 
mutual induction. 

From Faraday's law, the induced e.m.f. in SI is 

dCl>1 dl2 ---=M I2 = -
tit dt 

(ii) 

We now consider the reverse case. A time-varying current II is 
passed through the solenoid S I and the associated flux through 
S2is¢2'¢2=M21/1' 

M21 is called the mutual inductance of the circuit 2 with respect 
to the current I. 

From Faraday's law, the induced c.mJ. 9. in S2 is 

dCl>2 till t1:= ---=M21 =-
dt dl 

It can be shown that M21 = MI2 (reciprocity theorem). Note 
that M is a purely geometrical quantity, depending only on the 

Faraday's Law and lenis law 8.23 

size, number of turns, relativc position and relative oricntation 
of the two coils. The S.I. unit of mutual inductance is called henry (H). 

,;JUustration 8.22 The figure shows the concentric coplanar 

circular loops A and B of radii rand R, respectively. Current I 

flows in theloopA. Find the magnetic flux through the loopB, 
assuming r « R. Also determine the coefficient of mutual 

induction. ® 
Sol. Since the magnetic field is not uniform R r A 

over the big loop B, therefore, the direct 
calculation of the flux through this loop is not 
possible. The reciprocity theorem greatly 
simplifies the problem. According to this I 

theorem, if the same c'urrent I passes through the loop B, then the 
flux through the loop A may be easily obtained. 

Now, magnetic field at the centre of the loop A is B = i~ and 

the magnetic flux through the loop A is ¢A = B(pr2) = 

(": r« R). 

/loKr21 

28 

. . . l101r;21 
Accordlllg to the recIprocity theorem, tPA = tPn = ---. The 

28 
coefficient of mutual induction is given by 

2 
M = ¢n = l10ffr 

1 2R 

J4J1rr 21 
According to the reciprocity theorem, ¢A = tPH= ~. The 

coefficient of mutual induction is given by 

M = ¢H = /loKr 
2 

1 2R 

Illustration 8.23 A small square loop of wire of side I is 

placed inside a large square loop of wire of side L (»1). The loops 

are coplaner and their centers coincide. What is the mutual 
inductance of the system? 

Sol. Considering the larger loop to be made up of four rods each 
of length L, the field at the centre, i.e., at a distanceli2 from each 
rod, will be 

• 

o L 

Fig. 8.90 
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8.24 Physics fQr IlT·J EE: Electricity and Magneti sm 

i.e ., 

i.e., 

8 = 4x Po/ ' sina+sinPl 
4nd 

B= 4x flo ' 2sin45° 
4n(U2) 

BI = 4x flo8..fi I 
4"L 

So the flux linked with the smaller loop is 

; =BIS2=f1oS.fi (2/ 
4nL 

Hence, M = ¢, = 2J2 /101 ' 
I 41<L 

Dlu'stratlon S.24:~ What is the mutual inductance ofa system 

of co..axial cables carrying current in opposite directions as shown 

in Fig. 8.91. Their radii area and b. respectively. 

Sol. The 'B' between the space of the cables is B = !lol/2trr. 
The Amperc's law tells thatB olltside the cables is zero, as the net 
current through the Amperian loop would be zero. 

I 

I ' , I 

\ .i ( d, I , 
D 

T 

I' , 
1 

h-
\/ \/ 

Fig. 8.91 

Taking an element of length I and thickness dr, dp through it is 

dp= poi Idr=> F= Iloil fl' !dr=J1oli In!!.. 
21<r 2K,. 2Jr a 

" 

SELF-INDUCTANCE 
When current is present in a circuit, it sets up a magnetic field that 
causes a magnetic flux through the same circuit; this flux changes 
when the current changes. Thus any circuit thai carries a varying 
CUrTe!"!t has an e.m.f. induced in it by the variation in its own magnetic 
field. Such an e.m.f. is called aself-induced e.m.f. By Lenz's law, aself
induced e.m.f. always opposes the change in the current that causes 
thc e.mJ . and so tends to make it more difficult for variations in the 
current to occur. For this reason, self-induced e.mJ.s can be of great 

·importance whenever there is varying current 
Self-induced c.m.f.s can occur in any circuit, since there is 

always some magnetic nu x: through the closed loop ofa current
carrying circuit. But the effect is greatly enhanced if the circuit 
includes a coil with N turns of wire (as shown in Fig. 8.92). As 
a resul t of the current i, there is an average magnetic flux <t>/1 
through each turn of the coil. In analogy to cquation 

N 2¢Js, NI4>IJ 
M = ---" = ---' (mutual inductance) 

il ;2 

we define the self-inductance L of the circuit as 

L= N~/1 (self.ind uctance) , 

Fig. 8.92 

(ii) 

To avoid any confusion with mutual inductance, the self
inductance is called simply called the inductance. Comparing 
equations (i) and (i i), we see that the unit of self-inductance is 
the ~ame as that of mutual inductance; the 5.1. unit of self
inductance is one henry. 

If the current; in the circuit changa .. , so does the flux 4>8; on 
rearranging equation (ii) and taking the derivative with respect to 

. . dct>IJ di 
tllne, the rate of change IS rclated by N-- = L -

dt dt 
From Faraday's law for a coil with N turns, the self-induced 

e.m.r. is £ = _ N d¢JB ,so it fo llows that 
<i, 

di . 
E= -L- (self·induccd e.mJ.) 

d, 
(iii) 

Thc minus sign in the equation is a reflection QfLenz's law; it 
says that the self-induced e.m.f. in a circuit opposes any change 

in the current in that circuit. 
Equation (iii) also states that thc self-inductance of a circuit is 

the magnitude of the self-induccd e.mJ. per unit rate of change 
of currenl. This relationship makes it possible to measure an 
unknown self-inductance in a rehllively si mple way : Change the 
current in the circuit at a known rate diMt, measure the induced 

e.mJ. and take the rat io to determine L. 
A circuit dev ice that is designed to have a particular 

inductance is called an inductor. The usual circuit symbol for an 

i!lductor is 000000. 
In the previous section, we have discussed the flux in one 

solenoid due to the current in the other. Consider the general case 
of current flowing simultaneously in two nearby coils. The flux 
linked with one coil will be due to the sum of two fluxes which 
exist independently. The law of Supcl"])()si tion applies to magnetic 

fields. For example, equation (i) would generalize to, 4>1 = LII II 

+ Mil 12, 

Therefore. lIsing Faraday's law, EI = - L. dl l -M12 rl1 2 . 
dl (If 
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Nole: 

In case of series grouping of two inductors, if mutual 
indltctallce is also takelJ illto accoullt, t/tell L = LI + Ll 
± 2M as shQwn in Fig. 8.93: 

M 

Currenl in the two coi ls is 
in the same direction 

(.j 

L, M 

C" rrent in the two coils is 
in opposite dife(:lioo 

(b) 

Fig. 8.93 

APPLICATION OF THE KIRCHHOFF'S LAW 
Suppose a current passes through an inductor from left to right 
and increases with time. From Lenz's law, the induced e.m.f. must 
oppose the change in the magnetic flux. The induced e.m.f. 
opposes the increasing flu x by acting like a source of e.m.f. that 
opposes the external source of c.m.f. driving the current (as shown 
in Fig. 8.92). So we lreal an inductor as a common circuit elemenl 
labelled with polarity (+) and H marked according to Lenz's Jaw. 

I 
• 

Inc~asins 

• 
DecreasinG 

V '" lLIlIdl 

_. --lllf--~ 

Polarity developed 
due 10 induced c.m. r. 

Y - LAlf l rll 

• Ii 

Polarity developed 
due to induced e.m.f. 

Fig. 8.94 

faraday's law and Lents law 8.25 

If the current is decreasing, then by Lcnz's law the induced 
e.m.f. nCls to help the decreasing n ux. The inductor acts like a 
source of e.mJ. reinforcing Ihe external e.m.f. driving the current. 
The induced e.m.f. acts 10 increase 1 (Fig. 8.94). 

Thus we cOIn consider an induclor as a battery whose polarity 
is decided according to Lenz's law. 

SERIES AND PARALLEL COMBINATION OF 
INDUCTORS 
Series Combination 

Fig. 8.95(a) shows a collection of inductors in series, all of them 
will huve same current through them. 

(. j 

A B ..... -~''l"W~- ---:. 

(bj 

Fig. 8.95 

For each inductor, we have 

dl dl dl 
VI = L 1-, V2= '--2 -. V)= ~-

cll dt . cit 
We rcplace thc scries with a single equivalent inductance 4.q 

with the same potential difference V between the terminals A 
and B, as shown in Fig. 8.95(b). 

V- dl 
- 4<\ dt 

The potential di fference V is the sum of potential differences. 

V = Vt +V2+V3 

' dl dl dl ' dl ' 
4G d; = '-1 dt +l..:2 dt +l.:l dt 

Leq = Lt+~ + L3 

ParalleL Combination 
When the circuit elements are in paral lel, the potential difference 
across each ci rcuit element is same . 

H 

Fig. 8.96 

Thus for each inductor we have 

,A { 

B 

(i) 

If we replace the combination with a single equivalent 
inductor Le4 , we get 
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8.26 Physics for rn·JEE: Electricity and Magnetism 

v= 4.. (1/ 
dt 

From Kirchhoff's current law(KCL), we get 1= II + 12 + /3' 
Differentiating this equation with respcct to /, we gct 

dl dll dl2 d/3 - =-+- +
dt d/ dt tlt 

(ii) 

(iii) 

On substituting derivatives from equations (i) and (H) in 
equation (iii), we have 

V \ V V V 
- !::: - +-+-
4, I-, 1-, 1-, 

1 I I I - = - + -+-
4, I-, 1-, 1-, 

(inductors in parallel) 

Illustration 8.25 .The equivalent inductance of two inductors 

is 2.4 H when connected in parallel and 10 H when conneded in 

series. What is the value ofinductance of the individual inductors? 

Sol. As inductances obey laws similar to the 'grouping of 
resistances' , 

LI +L,= IOHand '-t~ =2.4H 
£,+1-, 

Substituting the value of (LI + Lv from first expression into 
second, LIL2 = (2.4) (L I -+ 0.) = 2.4 x 10 = 24 

so that (L I-L,i= (L I +0.P - 4LI0., i.e .• LI - ~=2H 

and as LI +0. = iOH.soLI = 6Hand0. =4H. 

D1ustration 8.26 What will happen to the inductance or a 

solenoid 

a when the number of turns and the length are doubled 
keeping the area of cross section same? 

h when the air inside the solenoid Is replaced by iron of 
relative permeability Pr? 

Sol. In case of a solenoid as B = 1'0"/./= B(II /A) = p o'l2/A I and 

¢ N' 
hence L=-=POIl2IA =Jio-A. 

I I 
a. When N and I nre doubled, L' = Po 

,(2N)' N' 
L= Jio - -A=2J1o-A=2L 

21 I 
i.e. induclance of the solenoid wi ll be doubled. 
b. When air is replaced by iron, 1'0 will change to 11, so that L' 

L' = /ln21A and hence, - = J!.... = p, 
L 1', 

i.c., L' = I1,L 

So.,lhe inductance wil l becomcl'r times of ils initial value. 

llIustration 8.27 In Fig. 8.97 (a) coil 1 and coil 2 are wound 

on a long cylindrica l insulator. The endsA' and B are joined 

together and currcnt I is passed. The self·lnductance of the two 
coils are L, and Ll their mutual inductance is M. 

Coil I Coil 2 
, 

: , , , , , , , , 
4 • : , 

, : , 't 

iL2 "M r t' 
A· , B B' A 

(.J 
Fig. 8.97 

a. Show Ihat this combination can be replacW by a single coil 
of equivalent inductance given by Leq = L, + Ll + 2M. 

h. How could the coils be reconnected by yielding an 
equivalent inductance of Leq = L, + L2 - 2M. 

Sol. 

a. When the terminals A' and B are connected. the sense of 
current in both the coils is same. Lellhe current be changing 
at Ihe rale of dildt. The magnetic fi elds of both coil I and coil 
2 point lowards left. When the current increases bOlh fields 
increase and both changes in flux contribute e.m.f. oS in the 
same direclion. Thus the induced e. m.f. in coil J is 

d; 
EI = -(~ +M )

dl 

, , , , , , 
1 \ , 

, , , , , 
4 , , , , , 

A B ), t. 
(bJ 

Fig.S.!>7 

(i) 

Similarly,lhemagnetic field in coil 2 due to it and field due to 
coil! point towards left. The two induced e.m.f. s are again in 
the same direction. . 

d; 
£2= -(~+M)

dt 

Hence, the total e.m.f. across bolh coils is 

d; 
E= EI +£2 = -(L I + 0. +2M)

dt 

(Ii) 

(iii) 

If these coils were replaced by a single coil, Ihen we have 

E= _~ di 
dt 

On comparing equations (iii) and (iv), we have 

Leq = L I +~ +2M 

(iv) 

h When the terminals A and B arc connected, the sense of the 
flow of current in coil I is opposite 10 that in coil 2. Then al 
the site of coi l I the field produced by coil 2 isopposilc 10 the 
field produced by coil I ilself. An increasing currenl in coil I 
tends to increase the flux in that coil but an increasing current 
in coil 2 tends to decrease it. The e.m.f. across coil I is 

d; 
E,= - (I-, -M)

dt 
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Similarly, e.m.f. across coil 2 is £2=-(~ _ M) di 
dt 

eli 
The total e.m.f. £=£1 +£2= - (LI +~-2M) dt 

Thus, L"'l= (L1 +~-2M) 

COMBINATION OF INDUCTORS WITH 
RESISTORS 

An LR circuit is analyzed in three states: 

• Initial state, i.e., just after closing the switch or just after 
opening the switch. 

• Transient state or instantaneous state, i.e., any time after 
closing or opening the switch. 

• Steady state, i.e., a long time after closing or opening the 
switch. In this state, current in the inductor does not vary 

. h' . dl 0 Wit lime, I.e., ~ = . 
dt 

InitiaL State 

At t = 0, the current tends to increase very rapidly, therefore 
opposition produced by the inductor is infinite. Hence, no current 
flows through the circuit at the instant of closing the switch. The 
entire voltage is dropped across the inductor and no voltage is 
dropped aCI")SS the resistor. 

i.e., vL = lOl vR=O at/ = O 

Steady State 

L R 

oS=-~---j11 >'~~--' 

Fig. 8.98 

At I = 00, the current has risen to its maximum value, and the 
illductordoes not produce any opposition. No voltage is dropped 
across the inductor, the entire voltage is dropped across the 
resistor. 

i.e., 

Transient State 
At any instant (0 < t < 00), both inductor and resistor share the 
total applied voltage. Let i be the instantaneous current in the 
circuit as shown in Fig. 8.98. 

Rise of Current 

A series combination of an inductor L and a resistor R is 
connected across a cell of e.m.f. Ethrough a switch S as shown in 
Fig. 8.99. When switch is closed, current starlS increasing in the 

Faraday's Law and Lenis Law 8.21 

inductor. This causes an induction of e.m.f. in the inductor. The 
induced e.m.f. opposes the growth of current in the circuit. Let at 
any time 1, the current in the circuit be 1/. 

+ 
L 

"0 
R 

10=L dt 
d, C\ 

....Q""""'oS 
, 

I 
Fig. 8.99 

From loop rule, we obtain 

dl, 
e= L~ +I/R 

dt 

"" 

"" 

"" 

L dl/ 
dt 

lO -l/R= 

t i' rl, ell/ - ell= J, ~
L 0 0 e - I/R 

-c 
lo[e-I,R] 

L R 

fR e-I R 
= In--' -

L e 

e --( " 1 1'=/il - e L 

Here, 1/ represents t.he instantaneous current in the circuit. 

o 

Note: 

v'k., 
(a) Curren! in the (b) Vohage across the 

inductor decreases 
with lime 

circuit incrcases 
wilhtimc 

r:: __________ _ _ 

v,j 

a 
(c) Vollage across the 

resis tor increases 
with time 

Fig.8.LOO 

1. Final current in the circuit =.!.., which is independent 
R 

ofL 
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8.28 Physics for IlT·JEE: Electricity and Magnetism 

2. After one time constant, currellt in the circuit = 63% of 
·thefinal currellt (verify yourself) . . 

3. More time comtant in the circuit implies slower rate of 
change of current. 

4. If there is any change in the circuit containing inductor, 
then there is no instantaneous effect 011 the flux of 
inductor, L1il = Lz i2• 

Decay of Current 
In this case. sourcc of e.m.f. is disconnected from the circuit 
(Fig.8.IOI). 

=> 
- Ldl 
--' - IR = O 

dt ' 

RJ' -- df 
L " 

(UR) is called ti me constant as its dimcnsion is samc as that of 
timc. 

L , 
0"' 

I~ = L dl 
d, 

s 

Note: 

R 

( \ 

Fig. 8.101 

Vmiation ofe1cwic 
eurrent with ti me 

1ft = 0, the current ill the circuit is io • The current ill the 
J 1/ ' 

circuit ill steady state will be again io. So it will decrea.~e 

expollelltiltlly from ~ to ~I' From the i- t graph, the 

" equatioll call be formed without doillg any calculation. 

io ---- ., .... ,, . 

o 

Fig. 8.102 

The network shown in Fig. 8.103 is a part 

of a complete circuit. What is the potential difference 

Vn- VA> when the current/is 5 A and is decreasing at a rate of 
103 A/s? 

to: !5V 5mH 

~i-'T6O'-s 
Fig. 8.103 

Sol. In accordance with the law of potential distribution, for the 

given network, VA-IR + E- dl L = VB ' 
dt 

And here I is decreasing (i .e .• dlldt is negative). 
Vr VA = - 5 x ! + 15 -5 x 10,3(_ 103) 

VB- VA= - 5+ 15 + 5 = 15V 

~ In an LR circuit as shown in Fig. 8.104, 

when the switch is closed how much time will it take for the 
current to grow to a value (where l}< 1). 

L R 
. 00 0 

s , 

Fig. 8.104 

Sol. We know that i = !.. ( 1 - e-II
,) 

R 

or 

. & 
1= l}

R 

,,!.. = !.. ( ! - e- II ! ) 
R R 

(,- ll r::: I _ " 

o 

t= r 10(_1 ) 
1- ry 

(bJ 

CUITen! in the c ireu it 
dec reases with ti me 

Voltage gJin across the 
inductor decreases with 
ti me 

v, t;;l--7" __ 
o 

('J 
Voltage drop across the 
resislor decreases with 
lime 

Fig. 8.105 

(given) 
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d!!®NIWMtl§?1 In the circuit shown in Fig. 8.106, the 

initial current through the inductor atl = 0 is 10, After a time 

t = L , the switch is quickly shifted to the position 2. 
R 

L 
, 000 

(I 
R 

R 2 

Fig. 8.106 

a. Plot a graph showing the variation of current with time. 

b. Calculate the value of current in the inductor at I = % ~ . 
Sol. 

a. Shifting the position of switch increases the resistance of 
the circuit. This decreases the value 01' -time constant. 
Consequently. the rate of decrease of currcnt increases . The 
variation of current with time is shown in Fig. 8. 107. 

h The equations of the curves are i = loe-lItiL (for 0 S; 1 S; R/L) 

1"2 !: 
0.3710 

R 

(0.3 7)""I~o ~-~-~-~- -~-~-~-j~-~-~--:::.J-'-:-::::"='=-
o L 3 L 

1 = - 1 = --
R 2 R 

Fig. 8.107 

-~ , 

R - lk ( i.) 
for - $1$"'" and i= (O.37)1nel.l-k 

L 

~ During the decay of current in an LR 

circuit, if the current d falls to !J times the initial value in a 

time T, then determine the value of time constant. 
. _liT Sol. We know that I = i", .. e 

At I=T,I=q/",,,x 

I I -111' 
l} "m, = maxe 

e-IIT = T}; T=_t_ 
In I +, 1 

1<1g. 8.108 shows an LR circuit. 

a Immediately after closing the switch, determine 

i. the current in the resistor; 
ii. the current in the inductor; 

iii. the potential difference across the resistor; 
iv. the potential difference across the inductor. 

Faraday's law and Lenis law 8.29 

fmH 
E - 20V I 

1 Hl 

-c--,-----~ 
Fig. 8.108 

b. Determine some quantities a long time after closing the 
switch, that is, after many time constants (for t ~ 00 ). 

c. Show explicitly that the Kirchhoff's voltage law (KVL) is 
satisfied in the circuit at any time I. 

d. Write the expression for potential difference across the 
resistor and inductor as functions of time, and plot the 
graphs of the potential difference across the resistor and 
inductor as functions of time. 

Sol. 
a. For a series RL circuit, the currcnt through thc inductor, the 

E 
equation is given by 1(1) = -1 1-(,-(1111,)1] (i) 

" I 
At initial state 1 = 0, (IN L)(i = I. Hence, 1 (0) = O. , 

The current through the inductor and resistor is zero. The 
potential difference across resistance VII = 1(0) R = 0, as no 
current flows in the circuit at 1 = O. Hence, potential difference 
across inductor wi\! be e.m.f. of the battcry VL = 20 V. 

The e.m.f. across inductor EL = - L(d/) is positive because 
dt 

the slope dl/dl of the graph is always negati ve, The positive 
e.m.f. is generated in accordance with the Lcnz's law; the flux 
is decreasing; the e.m.f. must oppose this decrease of flux . 

b. As ell =;E..e-( RIL)I 

dl L 

.II 
-=0. 
dt 

(ii) 

The current is no longer changing with time; hence, the 
potential d ifference across thc inductor is zcro. 
The CUITCnt through the inductor is constant, from equation (I), 

E 20 
1= - = = 20mA 

R I.Oxl03 

The same currcnt llows through the resistor. 
The potential difference across the resistor is 

I'H = iR = (20 x 10-3)( 1.0 x 103) = 20 V. 

c. The potential diflcrence across resistor at any time V it) is 

VH(t) =; I(I )R = ~ [ 1- e- (HI1.11] X R = E(l- e-(RIL)I) 
R 

The potential difference across the inductor V I. (I) at any time 
I is 

IVL(t)1 = IL ell I 
dt 

Butwehavc dl =!!..e-(RII.)I 
dl R 
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8.30 Physics for IIT-JEE: Electricity and Magnetism 

The current through the resislor is zero at t '" 0; the potential 
difference across it is zero; hence, from KVL apolied on the 
loop the potential difference on thc inductor must be equal to 
that of the e.m.f. source, i.e, 20 V. 

The potential differencc on an inductor is E = 

20V= (lOx 10-3 H) dl 
<It 

L til 
<It 

Solving fordl/(It, we have til = 20V
3 

2.0xIOJA/s. 
tit 10xlO- H 

The potential difference on the inductor depends on the rate 
of change of current. 
The current through the resistor changes at the same rate as it 
is in series. Let us see another way to determine dUdt. The 
current through the inductor is gIven by 

J(O= E [1_e-IRiLl/j ~ (i) 
R 

Differentiating w.r.1. t. we get 

dl", E (-1) e-(RIL)I (_Ii) = !!.. e-(RILll (ii) 
dt R L L 

At t = 0, e·-{RII.)/ = 

obtained earlier, 

<II E 
I, we have - '" - , the same resul t as 

dt L 

dl V
L 
= L- '" Ee-(RIL)I 

dt 
The polarities are shown in Fig. 8.109. Now we apply KVL 
around the closed loop, traversing the circuit in the clockwise 

, sense. Beginning from left corner, we get 

1(1) 

E 

I kQ YR(t) 

Fig. 8.109 

E - VL(t) - VIm = 0 

E - Ee- (RIL)I_ E[I_e- (RIL)I] '" 0 

OV=OV 

Hence, from the above discussion, we can say the KVL is 
satisfied at any instant. 

d. The time constant of circuit is 

1"=!:..'" lOx 10-
3 

H = 1.0x 1O-~s 
R 1.0 X 103 Q 

The potential difference across the resistor is 

ViI) = E[ l_e-ttll)] =20 V [ I _e- tI.OxlO'··" ,)/] 

The potential difference across the inductor is 

V L(t) = Ee-(lI"t) = (20 V)e - (I.OxlO".<")1 

v 

20 

10 

o 

At any instan1 
VR (I) + YL (/) = 20 V 

VL (I) 

Fig. 8.110 

"lIlustriltion 8:33~ .. . ... In the following circuit (Fig. 8.111) the 

switch is closed at t '" O. Intially, there is no current in inductor. 

Find out the equation of current in the inductor coil as a function 
of time. 

R -;>( R 

, - 0 

R 

Fig. 8.111 

Sol. At any time t, 

-e+iIR - (i-il)R=O 

Now. 

-e+ 2i IR - iR =O 

. iR+e 
' 1= --

2R 

R -;>( 

i jR • / =0 

(i- ill R 

t ' • 

" 

R 

i - it 

R 

" 

Fig.8.H2 

, 

- e+ iIR+iR+\L =O 

• 

(
;R+E) I .R .d; 0 -8+ -- +1 +1- = 

2 dt 

e 
- - + 

2 

31R di 
- =-L -

2 dt 

(
-e+3iR) -dt di II dt Ii di 

2 dt=-Ldi --2-L = ---e~+~3~;R~ - 1l2L = o-e+3iR 

2L 
J ( - e+3iR) ( -e+3iR ) 3RT 

= 3R In l e -In e = 2L 

E --

[ ", 1 i=+3R I-e 2L 
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llIustratlon 8.34 . Fig. 8.113 shows a circuit consisting ora 

ideal a ll,an inductor L and a resistor R, connected in series. Let 

the switch S be closed at t = O. Suppose att = 0 the cu r rent in the 
inductor is io then lind out equation of current as a function of 
tiOlC 

R 
" 

L 

,00 
c 

I---/s -If--~ 
8 ,A 

Fig. 8.113 

Sol. Let at an instant I, the current in the circuit is i which is 
increasing at the rate diMI. 

R 
" 

L 

'" c 

.I-_/s -l,>-- --4
A 

Fig. 8.114 

Writing KVL along the circuit, we have - L di - iR = 0 
d, 

(Ii 
L - =e-iR ::::> 

d, 

lUustl"ation 8.35 In a circuit shown in Fig. 8.115,A a nd B 

arc two cells of same e.m.f. E butdifTercnt internal r esistances" 

IInd'2 (r , > r2)' respectively. Find the value of R such that the 
potentia l difference across the terminals of cell A is zero a long 
lime after the key K is closed. (DT·JEE,2004) 

Fig.8.llS 

Faraday's Law and Leni~ Law 8.31 

Sol. After a long time, steady state is reached in which impedance 
due to induced (mL for de) is zero and that due to capacitance 

(a:c) becomes infini te, so equi valent circuit is shown in 

Fig. &.1 16 

r{~!0 
Rn R 

A_ 
K 

Fig. 8.116 

R 
-+R 

Net external resistance R a l 7 = ~ R 

Net internal resistance Rinl ::; ' 1 + '2 

C 
... I 2£ 

:. urrcnt III Ci rCUli = 3 

"4R+1i +r2 

The potential difference across the terminals of cell A is zcro; 

so E-!rl=O::::>E - 3 2£'1 ::::>R=~('i - '2)' 
4"R+lj +r2 

ENERGY STORED IN MAGNETIC FIELD OF AN 
INDUCTOR 

As c=/R + uJ/ ,el = /2R+ udl 
dt dt 

eJ is the power supplied by the blthcry, PR is the electrical 

power dissipated in the resistance and LI dl is the rate o f energy 
d, 

stored in the inductor. 

eJdJ = /1 Rdl + Lldl 

Energy stored in the inducloris V 8 = r ~ LId! = .!. Ll2 J, 2 

R 

Fig. 8.117 

Alternatively: 
The energy o f a capaci tor is stored in the electric field between its 
plates. Simi larly, an inductor has the capability of storing energy 
in its magnetic field . 
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B.32 Physics for IJT·JEE: Electricity and ~1a9neti sm 

I (increas ing) 

• 
- -111--1 ~ 

~-I11--1 ~. 
d; e .. l.. 
<I, 

Fig. S.IlS 

An increasing current in an inductor ciluses an c. mJ. between 
its terminals. 

.. . dW. .di 
The work done per Untt tune IS power I' =~- = -(!/ = - LI -

From 
dW dU 

d W= • dU or = 
(II (II 

dU 
We have - = 

dl 

li (Ii 
dl 

or (iU = li(Ji 

dl til 

The total energy U supplied while the current increases from 
. I 

zero to a final value; is U = L r' idi "" _ Li2 
J, 2 

u= .!. U2 

2 
The energy in an inductor is a.clUa.lIy stored in the magnetic 

field within the coil. We can develop relation magnetic energy 
density u (energy stored per unit vol ume) analogous to those we 
obtained in elcctrostatics. We wi ll concentrate on one si mplc 
case of an ideal long cy lindrical solenoid. For a long so lcnoid, its 
magnetic field can be assumed completely within the solenoid. 
The energy U stored in the solenoid whcn il current ; is 

U I Li2 I ( 'V) ., = "2 ="2 Pori I 

as L = Jfo!1 2 V 

The energy per un it volume is /I = U 
V 

Thus, 

V I 2.2 I (Poll i)2 I 8 2 
- = -/10" I =----=--
V 2 2 Po 2J.1o 

11 = 

8 = /10 11; 

1/ = 

I lJ2 

21', 

Thisexprcssion is si milar to II = ~£oE2 uscd in ele<:trostatics. 

Although we have derived it for one special situation, it tums OUI 
to be correct for any magnetic field configurat ion. 

:]I1uStration·8.36 .:;. Consider the Rt circuit in Fig. 8. 119. 

When the switch is closed in position 11Ind open in .)osition 2, 
electrical work must be performed on the inductor and 0 11 

the nsistor. The energy stored in the inductor is for the 
magnetic field inside it which incrcllses as J increases. In the 
resistor energy appears as heat. 

a. Whllt is the ratio of PI/ PH. of the rate at which energy is 
stored In the inductor to the rate at which work is done in 
the resistor? 

b. Ex»rtss the ratio P1,WH as II function of lime. 
c. If the tilllc constant of ci rcuit is t, what is the lime at 

which 1',. = PH? 

Sol. 

I 
11 . The energy stored in the inductor is VI. = "2 u 2 

<lU d( ' ') Thc powcr P,. = --= - - U- =LI 
(/1 rtl 2 

]<ig.8.119 

The power of a resistor P Ii = 12 R 

. . ~ LIlli 1(11 
So the ratIo IS ---'- = --- = r--

PH RI(lt I cit 

b. A.~ 

(i) 

Oi) 

(iii) 

(iv) 

Inserting thc valuc of (/JIllf and I in e(luation (ii i), wc have 

P 
....L = 
p , 

E - ,Ir - , 
r Rr (vi) 

When I = 0 this ratio tends to infini ty. due to large initial va luc 
of dlldl and small initial val ue of I. Whcn I tends to infi nity, 
after many timc constants, thc CUITCnt tends to 7.c1"O. As a 
resuh. 1',. van ishes and the rat io goes to zcro. 

c. From equ ation (v i), PI. = PH when = I which 011 
e(l l r) _ I 

simplification yields cr n = 2, !.. = In 2 :=) I = 0.693 T. 
r 

Derivc ,Ill expression for the total 

magnetic energy stored in two coils with indllcliHl('es L [ and 

L2 and 1I1ulual inductance M( whcn the currents in the coils 
arc I I ,U1d /1, respectively. 

Sol. When the currents ,Ire inc reusi ng in the circu it. we h'\ve for 
c.mJ. s 

til llJ tlI2 elil 
I:' = -'-t - ' ±M_2 , E = -~ -- ±M -

1 dldl 2 dldt 

where th o.:: :t sign appcurs con~is t cntly in hotl] equations and 
depends Oil the geolllctry of the coil s and the sense of current. 
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Work done in pushing charges dql and dq2 through each circuit , 
respectively, is dW = -EI dq - i::2dq2 

(II. dl] dl ? (II. = -L., - dt/I ;M - dql +/-'2 - dq2; M - (lq2 
~ ~ ~ ~ 

dll. dq2 
1.= - , tlQ. = / ltll , i2 = -. ({tt2 = i2 (" 

tll (II 

dlV= Li/ld/i + L lhdl1 + (MIl tlI2 + M12d/ l) 

= L l/td/ l + LzI 'J!112+ Md(lI'2) 

On integrating the above expression from 0 to filia l current, we 
have 

u = J dW = Lt J~' It til l +12 J~' 12 d1 2 ; M J~ ,/l d( 1/ 2) 

I 2 I 2 
="2£,/1 +2.~ /2 +M/1/2 

LC OSCILLATIONS 
A cHpacitor is charged to a potential difference o f Vo by 
connecting it across a bancry nnd then is 1lllowed to discharge 
through a pure inductor of inductance L. 

, 
c

T
-Q ..... , I. 

1L---_ _ ~cJO_--1 
Fig. 8.1 20 

Initial charge on thc plates of the capacitor tto = CVo. 

At an y instant. Ict the charge nown in the circuit be q nnd the 
current in the cireuit be i . Applying Kirchho ff' s law 

qo - fJ _ Ldl = O 
C dl 

. .. . dq (1 21 
DlfferentJallllg w.r.1. tnne, we gel - -I - LC - 2 =0 

, I (II 

tl 21 I I 
dl 2 = - LC =- (i), f = 27rJLC 

The ehargc q on the plates of the capacitor and curre nt I in the 
c ircuit vary sinuso idally as 

q = lfo sill ( 0)/+ rp) and l = qu Olcos (@+rp). 

whcre rp is the initi ll l phase and it depends o n the initial si tuation 

I 
ofthe circu itw= ~ . 

vLC 

The 10 lal energy of the sy.~l el\l remains co nserved . 

I 2 I 2 I 2 1 2 "2 CV + 2. LI = constltnt = "2 CVB = "2 Llo 

Faraday's law and lent's law 8.33 

.:IUustraUon ~:38 ~ In an LC circuit as shown in Fig. 8.121, 

thc switch is closed at t = 0; Qnoax = 100 IlC; L = 40 ruH; 
C= IOOpR 

Fig. 8.121 

a. Determine the equation for instantaneous charge on the 
capacitor. 

b. Determine the equation for instantaneous current in the 
circuit. 

c. Plot the following graphs: 

Sol. 

a. q versus I 
c. U e versus t 

b. i versus t 
d. U H versus t 

a. q = Q",~, cos OJt 

I I 
HcreQon;lJ; = IOOJlC; OJ = - - = ,,~~=:-F,~~=:'f 

,([C J(40 X W-3)(IOO X 10" ) 
= 500 rudis, q = 100 cos(500/) .(IJC) 

(Iq 
b, i = - = -( 100) (500) si n (500/) (IJA) 

dl 

or = - 50000 sin(500t) (IJA) 

qt' ·1''' ' 
(IIC) -,;I-".-""I-±--., (tll/A) -01-- ,,;----,,'=-'" 

0211 1 0 21t 4111 
- 100 - -- -. (ms) - 50 -- - - ---- (ms) 

(.) ( b) 

so 50 

(~;i t (~:)t 
o III 2111 31'1 4n "O¥-+.~2~.'-;3.~"-. ~ 

(c) (d) 

Fig. 8.122 

I Q' 
,. U,.= _ ......!!!2!. COS2 WI · 

. 2 C . 
I 2 . 2 

U8= 2 LI"~1X S ln M 

, Dlusfration 8:39 . Initially the 900 JlF capacitor is charged 

to 100 V and the 100 IlF capacitor Is uncharged in Fig. 8.123. 

Thcn the switch S2 is closcd for a time II . after which It Is 
opencd and at the same instant switch SI is closed fo r a tirnet1 
a nd then opened. It is now found that the 100).lF capacitor Is 
charged to 300 V. (I' ind the minimum possible values of the 
time intcl'vnl II and / 2' 
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8.34 Physics fo r IIT-JEE: Electricity and Magnetism 

s, 

10 H 1 900 j.lF 

Fig. 8.123 

Sol. initial energy stored in the 900).lF capacitor is 
UI = (1/2) x 900 x 1O-6 x(JooP =4.5 J 

Finally, energy stored in the 100 ).lF capacitor is 
Uz= (1I2)x900x 10-6x (300)2=4.5J 

The entire energy of the 900).lF capacitor has been transferred 
to the 900 /.IF capacitor. First, electrical energy of the 900 ).IF 
capacitor is converted into magnetic energy in the inductor and 
then this energy is cOllverted into electrical energy once again 
using Sz and SI appropriately. 

in an LC circuit the transfer of electrical energy into 
magnetic energy and vice versa takes place in a time TJ4 where 

T= 2n:..{LC is the time period of the electrical oscillations. 

Thus, TI= 2n:JIO x 900 x 10--6 = 0.6 s 

T2= 2n:JlOx900xW--6 =0.2s 
Therefore, switch Sz is first closed for time 0.6/4 = 0.15 s, during 

which time the 900 ).IF capacitor gets fully discharged and the 
current in the inductor is fully established. Next the switch S2 is 
opened and simultaneously switch SI is closed for time 0.2/4 
= 0.05 s during which time the current in the inductor disappear 
and the lOO ).lF capacitor gets fu lly charged. 

After this time, the switch SI is also opened. The 100 ).IF 
capacitor is now charged to 300 V. 

Thus, 11=0.15s and 12=0.05s. 

, Illustration S:!lO'\ The circuit shown in Fig. 8.124 is in the 

steady state with switch SI closed. At t = 0, SI is opened and 
switch S2 is closed. 

a. Derive an expression for the charge on the capacitor Cz 
as a function of time. 

b. Determine the first instant t, when the energy in the 
inductor becomes one-third of that in the capacitor. 

L=O.2mH 

Sol. 
a. in the steady state, CI and C2 are in series arrangement, their 

equivalent is 

Charge 011 thecapacilOrCz, Qo= Ceq = 1.2 x2Q=24 me. When 
S I is opened and S2 is closed. Capacitor C2 starts discharging 
through the inductor and let at any time I, charge on the 
capacitor be Q. 

L 

. '" 

c, 

- Q +Q 

Fig. 8.125 

Applying Kirchhoff's voHage law, we get 

[
I ~ -dQ] 

dl 

The solution of this equation is Q = Qo sin (cot + ¢) where 

I 
"'~ - - = 5 x 104 rad/s 

)LC, 
At 

Henee 

1= 0, 

" ¢~ -
2 

Thus the charge on the capacitor at any time f is 

Hence, 

QJ Q= Qocos WI, UE+ Un = -
2C, 

u~ ~[~QJ) 
h 4 2 C , ~Q' ~~[~QJ) 

2C2 42C2 

Q~ # Q" or Qo cos WII = ~ GJ 

" , or 11= - = 1.05 x 10- = 1O.5lls 
6", 

JIlhistratio!l8.'4-1 57, In the circuit shown in Fig. 8.126~ the 

battery has negligible internal resistance. Show that the 
current in the circuit through the battery rises instantly to its 
steady state value EJR when the switch is closed, provided 
that the resistance R is JLIC. 

" R L 

R c 

'T Ie 

'f 
Fig. 8.126 
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Sol. Let the Cllrrents through inductive branch and capacitive 
branch be lL and Ic respectively. Then the current through the 
battery, from KCL, is I = I L + 1 c. 

Since the battery is connected in parallel to the RL and RC 
branches of the circuit, the current in the RL branch is unaffected 
by the presence of the RC branch, so 

E h= _ [I_e- (RII.)lj 

R 
and Ic= !i..e-(lIRC) 

R 

E Hence, the current through battery is I = - [ 1- e-{RIL)I + e-{IIRC)] 
R 

If the current has to reach its final value EIR instantaneously, 
, I . -l/rL -llr, h' h the exponentJal terms must cance out, I.e., e = e ,w [C 

is possible if fL = Tc. 

UR=RC,R=)(LlC) 

For al! t > 0, this is the desired result. 

An inductor of inductance 2,0 mH is 

connected across a charged capacitor of capacitance 5,0 J.lF 

and the resulting LC circuit is set oscillating at its natural 
frequency. Let Q denote thc instantaneous charge on the 
capacitor and 1 the current in the circuit. It is found that the 
maximum value of charge Q is 200 J.lC. 

a. Whe~ Q = 100 ltC, what is thc value of Idll' 
dt , 

h. When Q = 200 J.lC, what is the value of /'! 
c. Find the maxi'!lum value of I. 
d When 1 is equal toonc-halfits maximum value, what is the 

valueoflQI? (llT-JEE,1998) 

Sol. L= 2.0mH=2.0x 1O-3 H 
C= 5.0).l.F=5.0x IO-6F 

Q""", = 20).l.C = 200 X 10-<"> C 

In an LCcircuit, energy transfer continues from inductance to 
capacitance and vice versa. 

a. By Kirchhoff's law in an LC circuit 

Q +L dl = a:::} dl =_JL 
Cdt dtLC 

1
"/1 Q 100x10-6 =IO"Als 
dt = LC = 2.0xlO 3 x5.0xlO-6 

h When Q = 200 )lC, the entire energy of circuit resides in 
capacitunce. That is, no energy is stored in inductance 

c. Maximum value of 1 is given by 

Faraday's Law and Lenz's Law 8.35 

d Given 

Then again from the conservation of energy, 

~L!2 +~; =~L!,~,"X; ;; = ~L(/,~,~x _/2) 

= )(2.0 x 10-3 x5.0xIO-6 )(22 _12) 

= 1O-4 J3 C= 1.72 x [O-4C 

= [73.2 IlC 

concept Application Exercise 8.3 

1. The magnetic field at all points within a circular region of 
radius R is uniform in space and directed into the plane of 
the page in Fig. 8.127. (The region could be a cross section 
inside the windings of a long, straight solenoid.) If the 
magnetic field is increasing at a rate dBldt, what are the 
magnitude and direction of the force on a stationary 
positive point charge q located at points a, band c? (Point 
(/ is a distance r above the centre of the region, point b is a 
distance I" to the right of the centre and point c is at the 
center of the region.) .. -

, 
x x· x x 

x ~x x 
xUx x 
x x x 
x x x 
x x x 
x x R 
x x x 
x x 
x x x 
x x x 

x x 

x x x 
x x x 
x x x 
x 
x x 

ex 
x 
x x x 
x x x 
x x x 
x x 

Fig. 8.127 

2. Fig. 8. 128 shows two circular regions R[ and Rz with radii 1"1 

= 21.2 cm and "'2 = 32.3 em, respectively. In R[there is a 
uniform magnetic field B t = 48.6 mT into the page and in 
R2 there is a uniform magnetic field B2 = 77.2 mT out of 
the page (ignorc any fringing of these fields). Both fields 
arc decreasing at the rate 8.50 mT/s. Calculate the integral 

if> E . as for cHch of the three identical paths. 

,/
, , " , · . · ' · . · . , ' · . , , , , , 

"--

--- ------- - (!'- - - ------

-----

Fig. 8_128 
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8.36 Physics for IlT·JEE: Elt~tri(ity aoo Magneti,m 

3. Fig. 8. 129 shows fi ve lettered regions in which a uniform 
magnetic field extends directly ei ther out of the page (as in 
region a) or into the page. The field is increasing in 
magni tude at the same steady rate in all five regions; the 
regions are identical in area. Also shown are four numbered 

paths along which pi'ds has the magnitudes given 

below in terms of a quant ity mag. Determine whether the 
magnetic fields in regions h through e are directed into or 
out of the page. 
Path: 1. 2. 3. 4. 

pE.r/s mag 2(l11ag) 3(mag) o 

3 

2 

Fig. 8.129 

4. A magnetic l1eld directed into the page changes with time 
according to B = (0.0300 ,2 + 1.40)T, where t is in seconds. 
The field has a circular cross section of radius R::= 2.50cm. 
What arc the magnitude and di rection of the c1ectric field at 
point PI when t= 3.00 sand'i =0.0200 m? 

Fig. 8.130 

5. Fig. 8.13 1 shows an LCR circuit. When the switch S is 
closed the current through resistor R, inductor Land 
capaci tor C are I I' 12 and I ), respecti vely. Determine the 
val ues of 11. 12 lUld I) 

Fig. 8.131 

a. atl ::= O h atf=oo 
6. It has been proposed \0 usc large inductors as energy 

storage devices. ' 

H. How much e lectrical energy is converted to light and 
thermal energy by a 200·Q light bulb in one day? 

b. If the amount o f energy calculated in pan (a) is stored in 
un inductor in which the current is 80.0 A, what is the 
inductance? 

7. A 1.00 kO: resis tor is connected in series with a 1O.0-mH 
inductor. a 30.0 V battery and an open switch. At time t = 0, 
the switch is sudden ly closed. 
n. What is the ma;o;imum current in this circuit and when 

docs it occur? 
I.l. What nre the vo ltage drops across the induclor and 

across the resistor 20.0 ~s after the switch is closed? 
e. On a si ngle set of axes, skelch Ihe voltage across the 

resistor lind the voltage across Ihc inductor as functions 
of time. Also, sketch a graph of the current in the circuit 
as a function of limc. 

8. A capaci tor with capacilllnce 6.00 x 1O-~ F is charged by 
connecting it 10 a 12.0- V battery. The capacitor is 
disconnlX:ted from the battery and connected across an 
inductor with L = 1.50 H. 
a, Wha! arc the angular frequency IV of the electrical 

oscil lations and the period of thcseoscillations (the time 
for one oscillat ion)? 

b. What is the in itial charge on the capacitor? 
c. How much energy is ini tililly stored in the capacitor? 
d . Whlll is the charge on the capacitor 0.0230 s after the 

conllection to the inductor is made? Inlerprel the sign of 
your answer. 

e. At the time given in pari (d). what is the current in the 
inductor? Interpret the sign of your answer. 

f. At the time given in pan (d), how much electrical energy 
is stored in the capac itor and how much is stored in the 
inductor? 

9. In Ihe circuit shown in Fig. 8.132, E = 10 V, RI = 5.0 n, 
R2= 10Q and L = 5 .0 H. For the two separate conditions, (I) 
switch S is just closed and (II) switch S is closed for a long 
timc, calculate 

R, 

Fig. 8.132 

a. the current i l through RI> 
b. the current '2 through R2, 

e. the current i through thc switchs, 
d . the potential difference across R2, 

c. the potential difference across L, 
f. di-Jdt. 

R, 

10. In Fig. 8. 133, the switch is closed for f> Oand steady-state 
conditions lire establ ished. The switch is thrown open at t 

= 0. 
a. Fi nd the init illl vol tage Eu"cross Ljusl after t '" O. Which 

el\d or the coil is al the higher potential: (/ or b ? 
b. Make freehand graphs of Ihe currents in R I and R2 as a 

functi on of time, treating the steady-state d irections as 
posi li ve. Show valucs before and aftcr f "" O. 
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c. How long ancr I = 0 docs the (;lIfrent in R2 have the 
value 2.00 mA'! 

2.00 Q 

R, 

6.00n L 

Fig. 8.133 

1l.111e switch in Fig. 8.134 is closed at time I = O. Find the 
current in the inductor and the current Ih l"Oligh the switch 
as functions of time therea fter. 

4.000 8.00n 

! 1.00 H 

Fig. 8.134 

12. AB is 11 part of circuit. Find the potential difference vA - v/I if 

i 20 
-A~' -"~'Offi'~-ll'~ 

1 H 5voU 

Fig. 8.135 

a. current i = 2 A, and is constant; 
b. current i = 2 A. and is increasing at the nne of I A/s: 
c. current i = 2 A, and is decreasing at the rate I Als. 

13. A circuit cuntains an ideal cell and an inductor wi th a 
switch. Initially, the switch is open. It is dosed at I = O. 
Find the current liS a function of time . 

Fig. !U36 

14. In the following circuit (rig. 8. 137), the sw itch is closed nt I 

= O. Find the current~ i l • ; 2' iJ and 

1=<><>. Init i:llly, :111 currents are 7.ero. 

H i l B 'J 

I, 

H 

Fig, tt l37 

diJ - at 1 = 0 :md at ", 
L 

L 

H 

far.day's Llw and Lenis l aw 8.37 

15. In a circuit (sec the solution), SI remains closed for a long 
tillle and S2 remains open. Now S2 is closed and 51 is 
upened. Find uutt he dildt just after that moment. 

16. At 1= 0, switchS iscJosed (shown in Fig. 8. 138) after a long 
time suddenly the inductance of the inductor is made q 
times lesser (U1/J then its initial value, find out instant 
current just after the operation . 

R L 

CJ , 
Fig. 8.138 

17. Which o f the two curves shown has less time constant. 

F ig. 8.139 

18. Two insulated wires arc wound on the same hollow 
cyli nder, so as to form two solenoids sharing a common 
ni r-ti lled core. Let I be the length of tile core, A the cross
sectional area of the core, NI the number of times the first 
wire is wound around the core and N2 the number of times 
the second wire is wound around the core. Find the mutual 
inductance of the two solenoids, neglecting the end effects. 

19. Find the mutual inductance of twO concentric coils ofmdii 
(/1 and "2 (at «(/2) if the planes of the coils arc same. 

" 

Fig. 8.140 

211. Solve problem 19, if the planes of the coils are perpendicular. 
2 1. Solve problem 19, if the phmes o f the coi ls make an 

angle Ow ith cach other. 
22. Fig. 8. 141 shows \WO conccntric coplanar coils wi th radii (/ 

and b (0 « b). A current i = 21 nows in the smaller loop. 
Neglccting self-inductance o r the larger loop, 

Fig. 8.141 
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8.38 Physics for J1T-JEE: Electricity and Magnetism 

a. find the mutual inductance of the two coils; 
h fi nd thee.m. f. induccd in the iarger coil ; 
c. if the resistance o f thc larger loop is R, thcn find the 

current in it as a function ortime. 
23. In problem 22, if a capacitor of capacitance C 'is also 

connected in the larger loop as shown in Fig. 8.142, find lhe 
charge on the capacitor as a function of time. 

24. If the current in the inner loop changes according to i = 212 
(Fig. 8.1 42). then fi nd thc currenl in the capacitor as a 

function of lime. 

Fig. 8.142 

" .. . Solved Examples ' '> : "', ' 

ExampleS.l . Two infinitely long parallel wires carrying 

currents 1 = 10 sin w i in opposite direction are placed at a 

distance 3a a pa rt. A square loop of side a of negligible 
resistance with a capacitor of capacitance C is placed in the 
plane of wires as shown. Find the maximum current in the 

'square loop. Also sketch the gra ph showing the variation of 
charge on the upper plate of the capacitor as a function of 
time for one coinplele cycle taking anticlockwise direction for 
the current in the loop as positive. - (IIT-JEE,2000) 

• • 
J. 

F ig. 8_143 

Sol. The magnetic fie ld due to both wires on elementary strip of 
width dx at a distancc from left wire is 

pol Po I 
B = -- + - (upward) 

2ax 2a (3a - x) 

-&[-'-+ - '-] 
2/r X 3(I - x 

x _ dx_ 

Fig. 8.144 

Magnelic flu"" linked with this strip 

- - / 10
1 

[ ' 'l d;= B·dS=- - +-- U i /X 
2Jr x }a - x 

Total mugnctic fl u:o; linkcd with this strip 

lfola i'''( I ') ¢ = - - -+-- dx 
. 2/r 0 x 3a- x 

po/a [ t'. = -- log~ x - 10g~(3(1 - x) 
2K ' 

pola
l 

2 
= ---;;- og~ 

=> ; = poa log~ 2 (10 sin M ) (sin .... "C I = /osin M) 
K 

Magnitude of induced e. m.f. 

e= d; = Jlo/oct l og~2 (Oleos (I)t) . 
til Jr 

:. Maximum induced e.mJ. 

Eo= 

Charge on the capacitor, 

• q 

Fig. 8.145 

q= Ce= ClbcOS WI 

Cp I aw log 2 
o 0 ~ cos WI = qo cos (J)( = 

wherc 

n 

Jlo/oaaJC , 2 og, 
n 

Magnetic flu"" linked with the loop 0< sin OJI, i.e., at I = 0, thc 
magnetic flux is increasing (8 is upward); so the current will be 
induced to OppOliC the incrcase of current, i.e .. in the loop the 
current will be clockwise. So upper plate will be positive. The 
graph o f v .. riat ion of charge for full cycle is shown in Fig. 8. 146. 

+fJg 

t 
q 

4 

- '10 . .. .... ........ ..... . 

Fig. 8.146 
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Example8.2 A metal bar AB can slide on two parallel thick 

metallic ralls separated by a distance 1. A resistance R and an 

InductanceL are connected to the ralls as shown In Fig 8.147. A 
long straight wire carrying a constantcurrentIo is placed In the 
plane of rails and perpendicular to them as shown. The bar AB Is 
made to slide on the ralls away from the wire. Answer the 
following questions: 

a. Find a relation amongi, di and dtp ,whereilsthecurrent 
dt dt 

in the curcult and ¢Is the flux of the magnetic field due to the 
long wire through the circuit. 

h It is observed that at time t = T, the metal bar AB is at a 
distance of 2xo from the long wire and the resistance R 
carries a currenti} • Obtain an expression for the net charge 
that has flown through resistance R from t = 0 to t = T 

c. The bar is suddenly stopped at time T. The current through 

Sol. 

resistanceR is found to be i1 attime2T.Find the value of IlR 
4 

in terms of the othyer given quantities. (ITT.JEE,2002) 

A 

1 R 

10 I 

~ ~ L 

--------xo.-- ----- --... B 

Fig. 8.147 

a. When bar AB slides away, the magnetic force acts on free 
electrons along negative Y-axis, so electrons move from end 
A to end B, making end A at positive potential relative to 
endB. 

- i + A 

1 R 
X X B 

10 I X -

j ~ L 
X X 

Xo - B 

Fig. 8.148 

Let C'be induced e.m.f. According to Kirchhoff's second law, 
. ili . & 

-RI-L-+ C'=O => C'=Rl+L -

Bol 

dt dt 

C'= d¢ (numerically) 
</1 

d¢=Ri+ L di 
dl dt 

(i) 

d¢ is taken positive, because direction of e.m.f. induced has 
dl 

already been investigated. 

Faraday's Law and Lenis law 8.39 

Moreover, when d¢ increases, ~urrent I increases; this 
dl 

.. , f d¢ ensures positive sign 0 - , 
dl 

h Equation (i) can be expressed as 
d¢=Ridt+Ldi 

=> d¢=Rdq+Ldi 
Imegrating, we get 

J; d¢= Rfoqdq+LJ~' di 
[¢l~~ o=Rq+LiI 

:. Charge flown froml=Oto t = Twill be 

q= .!.[¢(T)-¢(O)]- Li, 
R R 

(Ii) 

Change in flux during the displacement of bar from x = Xo to 
x= 2xo in time Tis 

¢(:T) - ¢(O) = J2
.1b BdA = J2x

o polo ldx 
"il XcI 2/rx 

= Pfiol
log 2 

2" ' 
:. From (ii), charge flown 

110/011 2 Lil q= --og --
2/rR e R 

(iii) 

(iv) 

c. The equation of decay of current in an LR circuit is given by 
i = joe-RilL (v) 

Given .;1 .. t 2T T T 
1 = '4"0 =11' = - = 

:. Substituting these values in equation (v), we get 

il . - RTIL => e- RT1L = .!. '4= ' i e 4 

or 
RT L= loge 4 

L T 
= 

ExampleS.3 A thermocole vessel contains 0.5 kg of 

disilled water at 30°C. A met,d coil of area 5 x 10-3 m2
, number 

of turns 100, mass 0.06 kg and resistance 1.6 n is lying 
horizontally at the bottom of the vessel. A unifonn, time varying 
magnetic field is set up to pass vertically through the coil at time 
t = O. The field is first increased from zero at 0.8 T at a constant 
rate between 0 and 0.2 s and then decreased to zero at the same 
rate between 0.2 and 0.4 s. The cycle is repeated 1200 times. 
Make sketches of the current through the coil and the power 
dissipated in the coil as function of time for the first two cycles. 
Clearly indicate the magnitude of the quantities on the axes. 
Assume that no heat is lost to the vessel or the surroundings. 

Sol. e.m.f. induced 
d¢ 

C'= - 
dl 
d 

= - - (NBAcosOO) 
</1 

= -NA dB 
dl 

(ITT.JEE,2000) 
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8.40 Physics for IlT-JEE: Eiectrlcity and Magnetism 

= -l00xSx 1O-3x 0.8 =-2V 
0.2 

It is negative between 0 and 0.2 s when field is increased and 
positive between 0.2 and 0.4 s when field is decreased. 

Current induced j = !.... = ~ = 1.2S A 
R .M 

J.2SA 

Current 
... .... .----, no.s 

(A) 
0.2 i 0.4 

0.6 I (s) 
-1.25 Time 

(,) 

-2.' 
Power 

... .... .--, 

(P) 
t ($) in watt 0.4 0.8 

(b) 

Fig. 8.149 

It is negative between 0 and 0.2 s and positive between 0.2 
and 0.4 s. 

Power dissipated = j2R = (1.2SP x 1.63 W 

=2.SW 
Total energy supplied = Pt 

= 25x 12000x0.4J 

= 12x103 J 
Now from the conservation of energy 

12x loJ= mlcl6.0+m2c26.0 

~ 12x 103= (mici +~c2)AO 

~ 6.0= 
_",12"x=IO,-'_ 
mlC] + ~C2 

12xI03 12x103 

= O.S x 4200 + 0.06 x SOO = 2130 
60= 8,- e, 

~ Final temperature 
O2 = "01 +6.0 

= 30+S:6=3S.6°C 

. Example 8.4 A circuit containing a two position switchS is 

. shown in Fig. 8.150. (nT-JEE,1991) 

R, C 

20 2,F 
'0 R, R, E, 

";0 A ., E, 
R, B 

,[s ;~ 20 
In R, 

0 

10mH 

Fig. 8.150 

a. The switch S Is in posiUon 1. Find the potential difference 
and the rate of production of heat injoule. " 

h Ifno'!V the switch S is put in positlon 2att=Onnd 
the steady curre~t and the time when current Is halfln the 
steady value. Also calculate the energy stored In the Inductor 
Latthattime. 

Sol. 
B. The capacitor offers infinite resistance to dc in the steady 

state, therefore the current in capacitor branch is zero. The 
equivalent circuit, in steady state, when switch is in position 
(1) is given in Fig. 8.15L 
The distribution of current -according to Kirchhoff's first law 
is shown in Fig. 8.1S1. Applying Kirchhoff's second law to 
mesh abcda, . 

R, 
4 b 

20 

R, E, 
II + 12 !' 

d + 

20 12 Y. 

':-z E, R, 

A 
3V 20 

Fig. 8.151 

i l x2+(i1 +i2)x2= 12 

4i]+2j2= 12 

2;I+ i2=6 

I, 

• 
" 

I, 
f 

B 

Applying Kirchhoff's second law to mesh abfea, 

i2 x2+(i l +i2)2=3 

or 2il +4i2 =3 

Solving (i) and (ii), we get 

i l = 3.5A,i2=-1 A 

:. Potential difference between A and B is 

VB - VII = V=E2-i2R2 =3-(-1)x2 = 5 V 

h. When the switch S is put in position 2, the equivalent circuit 
takes the form shown in Fig. 8.152 . 

E, R, 
S 

2 A 3V 20 B .. 
'f30 

iOmH 

Fig. 8.152 

Total resistance of the circuit, 
R = R2+R4=2+3=5 n,; 
L= IOmH = lOx 1O-3H 

R, 

In steady state, there is no role of inductor L. 
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:. Steady current 

E 3 
io= -=- =0.6A 

R 5 

The growth of current in RL circuit is given by 

, --, 
= I-e L 

2 , 
--I I 

or e L =_ 
2 

Taking log. we get 

i.e., 

i.e., 

R 
- t = 10&2 
L 

L 
t = 'Rloge2 

t = lO x 10-) x2.3026xO.301O 
5 

= 1.386x 10-3 s 

The current at the instant, 

i = ~=O.3A 
:. Energy stored, 

u= .!.L? 
2 

= .!. x 10 X 10- 3 
X (0.3)' 

. 2 
= ~.5 x 10-4 1. 

Example8.5 1\vo parallel vertical metallic rails A~ and 

CD are separated by 1 m. They are connected at two ends by 

resistances R, and Rz as shown in Fig. 8.153. A horizontal 
metallic bar L of mass 0.2 kg slides without friction vertically 
down ihe rails under the action of gravity. There is a uniform 
horrtontal magnetic field of 0.6 T perpendicular to the plane of 
the ra lls, II is observed that when the terminal velocity is 
attained, the powers dissipated in R I and Rz are 0.76 and 1.2 W, 
respectively. Find the terminal velocity of the bar L and the values 
oClhc bar Land thevaluesofR, and Rz' 

(IlT-JEE,I994) 

Faraday's l aw and lenfs law 8,41 

R, c 

I I L I I 

R, 

B D 

Fig. 8.153 

Sol. Let e be the induced e.mJ. and i the induced current in the 
bar. 

L 

R, i, 

Fig, 8,154 

The forces acting on the bar are 
I. Weight mg acting vertically downward. 
2. Magnetic forceBiL acting vertically upward. 

When these forces become numerically equal, the bar is in 
dynamical equilibrium and attai ns terminal velocity ,,(say) 

i.e. , mg= BiL 

$ubstitutingm = 0.2 kg, L = I m. B = 0.6 T, we get 

0.2 x 9.8=0.6ixl 

0' 
,, = 0.2x9.8 = 49 A 

0.6 15 
Let "l and;2 be currents in R, and R2, respectively. Then 

i = i l +;2 

0 ' 
. . 49

A 1\ + 12 =)5 

R, and R,are in parallel with the bar . 

.. e=R.li,=R~2 

Power in Rl , PI = e", = 0.76 W. 

Powerin R2.P2=ei2= 1.2 W 

Dividing (iv) by (v), we gel 

", 0.76 19 -= -- = -
"2 1.2 30 

, 19. 
' 1= - I, 

30 
Then equation Oi) gives 

.!.2.x2=~A 
30 15 

(i) 

(ii) 

(vi) 
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8.42 Physics for UT-JEE: Etectricity , nd Ma9netism 

19 . . 49 
-12 +12 = - or 

49. 49 
30"=15 30 15 

or i'l =2A 
From (vi) 

19 19 
i = - x2 =-A 
! 30 15 

Now from (iv) 

ei , = 0.76 

e= 0.76 = 0.76 x 15 =0.6V 
i, 19 

Induced e.mJ. e = BvL 
. . e .0.6 

Tenmnal velocity v = - = --= I mls 
BL 0.6x I 

Again from (iii) 

R = .!. = 0.6 x 15 =..2.. 0 = 0.470 
! i

l 
19 19 

R,=.!.= 0.6 =0.30 
~ 2 

ExampleS.6 A pair of parallel horizontal conducting ralls 

of negligible resistance shorted at one end is fixed on a table. The 

distance between the rails Is L. A conducting massless rod. or 
resistance R can slide on the rails frlctJonlessly. The rod Is tied 
to a massless string which passes over a pulley fixed to the edge 
of· the table. A mass m tied to the other end of the string hangs 
vertically. A constant magnetic field B exists perpendicular to 
the table if the system is released from rest. Calculate 

(fiT-lEE, 1997) 

• 
Fig. 8.155 

a. the terminal velocity achieved by the rod, and 
h the acceleration of the mass at the instant when the velocity 

of the rod is half the terminal velocity. 
Sol. . 

a. Ifv is the instantaneous velocity of the rod at any time t, the 
induced e.rn. f. will be £= BvL. 

Indm:cd current in rod 

. £ RvL 
1= -=--

R R 
0) 

Due to this current the rod in magnetic fi eld B will experience 
a force 

F = BiL opposite to motion. (ii) 

If vT is terminal velocity of rod, and T the' tension is string, 
then free-body diagrams of rod and mass m are shown in 
Fig. 8.156. 

So equation of motion of mass m is 

Mg-T= I1U1 

For terminal velocity, a = 0 
Mg -T= O ~ T=mg 

Equation of motion of rod is 

Fig. 8.156 

T - BiL = 0 x a = 0 (as rod is massless) 

T= BiL. 

Using (iv), we get 

mg= BiL 

mg = B( B;L ) L 

mgR 
v ---r - S'l J} 

(iii) 

(iv) 

T 

mg 

(v) 

(vi) 

h When velocity of the rod is half the terminal velocity 

V= ~=..!..mgR 
2 2B2L2 

From (iii) acceleration 

T 
A=g - -

m 

BiL 
=g-

no 

g g 
= g - - = -

2 2 

(vii) 

(using - v) 

Example!! A metal rod OA of mass III and lengthr is kept 

rotating with a constant angular speed in a vertical plane about a 

horizontal axis at the end O. The rree end A is arranged to slide 
without friction along a fixed conducting circular ring in the 
same plane as that of rotation. A unifonn and constant magnetic 
Induction is applied perpendicular and into the plane ofrotation 
as shown in Fig. 8.157. An inductor L and an external resistance 
R are connected through a switch S between the point 0 and a 
point C on the ring to form an electrical circuit. Neglect the 
resistance ofthe ring and the rod. Initially, the switch is open. 

alT-JEE,I998) 
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y 

x x x 

s x x x x · .... ~x 
x x x X 

R 
X X X C x x 

L 

Flg.8.1S7 

IL What Is the Induced c.m.f. across the terminals of the 
switch? 

b. The switch S Is closed at time t .. O. 

Sol. 

I. Obtain an expression for the current as a function of 
time. 

II. In the steady state, obtain the time dependence of the 
torque required to maintain the constant angularspeed, 
given that the rod OA was along the positive X·axls 
81/=0. 

a. The rod OA may be supposed to be divided into II large 
number of length elements. The angular velocity ((j)) of each 
element is same, while linear velocities of elements 8rc 
different. Consider one clement of length dx at II distance x 
from centre O. The lincarspced of element Y=xm. As B·di 
and v arc mutually perpendicular. the c.m.f. induced across 
the clement dE = Bv dx = B(x4I) dx. 
.. The c.m.f. induced across the whole rod. 

e= S;BXWdx 

= BW[X,]r = 1. Bwr2 
2 0 2 

b. When rod rotates anticlockwisc (as shown). the end 0 
becomcs positive and A negative. As resistance of ring and 
rod is negligible. therefore the equivalent circuit is shown in 
Fig. 8.158. When switch S is closed, let i be the current and 

dt the rate of change of current in the circuit, then from 
dl 
Kirchhoff's second law. the equation of e.m.f.s 

E 

s 

R 

L 

Fig. 8.158 

E L d; R' - - = I 
dl 

F~raday's law and Leni5 law 8.43 

L d; E R' -= - I 
dl 

dt dt --= -
E-Ri L 

Integrating, we get 

i
' 

d; i'dl 
JOE - Ri = JOL (since at t = 0, j =0 and at t = t, 1 = I) 

.,. [IOg'~R-ROI =[H 
10g,(E - Ri) -log, E I 

=> =-R L 

I E - Ri Rt or 08.--=-
E L 

or I-!i i = e-1hlt. 
E ' 

Using(i), 

I. According to Maxwell's right.hllnd rule, the direction of the 
induced current in the rod is from periphery to centre. . 
The force on small length dx of current...carrying wire 

dF= -idxxB 

Torque on element 

d:t, = xxdFAX x (-Idx x B) 
= iBxdx 

[x'l " ... Torque1'I=Bi 2 =8i2 , , 
=BBwr (l_ e-RIIL):"'" 

2R 2 , . 
= B B wr (1 _ e- HrlL ) 

4R 
In steady state (t -+ "") 

So 
8 2wr4 

1'1 = ~ (constant). 

Torque due to the weight of rod. 

12 = mg(~}osCtX 
:. Net torque 

'r= 1', + 12 

= _B_' ",_'_' + "m"g,-,:;;co:::,,,,,,,:., 
4R 2 

('''q = an) 
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&.ii4 Physics for UT-JEE: Electricity and Magnetism 

EXERCISES 
Subjective Type Solutions .on pa8t 8.98 

1. In Fig. 8.159, a long thin wire carrying a vllrying current 
i :: ;0 sin aJl lies at II distance y llbove one edge of II 

rectangular wire loop of length L and width W lying in the 
X- 4 plane. What e.mJ. i~ induced in Ihe loop? , 

• 

Fig. 8.159 
2. A wire is bent into three circular segment of mdius r:: IOem as 

shown in Fig. 8.160. Each segment is u quadrnnt of a circle, 
ab, lying in the x-y plane, be lying in Ihe Y4 pillne and ca 
lying in theu plane. , 

, 
, 

l",)JL---1.!!.b -_y 
, 

Fig, 8.160 

a. If a magnetic field B points in the positive x direction, 
what is the magnitude of the e.mJ. developed in the wire 
when B increases at the rale of 3 m TIs? 

b. What is the direction of the current in the segment be. 
3. Three identical wires are bent into semi·circular arcs each 

of radius r. These IIrcs lire connected with each other to form 
a closed mesh such that one of them lies in x-y plane, one in 
y-z plane and the other in z-x plane as shown in Fig. 8. 161. In 
the region of space a uniform magnetic field of induction 
B ::B,,({+J) exists, whose magnitude increases at II 

constant rate ~~ = a. Calculate the magnitude of e.m.f. 

induced in the mesh and mark the direction of flow of 
induced current in the mesh shown in Fig. 8.159. 

y 

p 

o 
R 

Fig. 8.161 

4. In Fig. 8.162, the fo ur rods have Aresistnnce perunit length. 
The arrangement is kept in a magnetic field of constant 
magnitude B and directed perpendicular to the plane of the 
figure and direction inwards. Initiaily, the sides as shown 
form a square. Now each wire starts moving with constant 
velocity v towards opposite wire. 

, , 
t , - , -, • , , 

Fig. 8.162 

Find as a function of time: 
a. induced c.m.f. in the circuit. 

®U 

b. induced current in the circuit with direction. 
c. force required on each wire to keep its velocity constant. 
d. lotal power required to maintain constant velocity. 
c. themlal power deve loped in the circuit. 

S. An electric circuit is composed of the three conducting rods 
MO. ON and PQ, as shown in Fig. 8. 163. The resistance of 
the rods per unit length is 4. The rod PQ slides, as shown in 
Ihe figure. at n constant velocity v, keeping its tilt angle 
relative to ON and MO fixed at 45°. At each instance, the 
circuit is closed. The whole system is embedded in a uniform 
magnetic fie ld B, which is directed perpendicularly into the 
puge. Compute the time-dependent induced electric current. 

M 
I' 

B 
,' . , <8) <8) <8) 

<8) <8) 

Fig. 8.163 

6. The wire loop. shown in Fig. 8. J 64, is made by taking a flat 
rectangular loop of sides 10 cm and 20 em bending the long 
sides at their midpoints to produce two mutually 
perpendicular square parts. The loop is placed in an 
oscillating magnetic field B = Bo sin 21fVl. with Bo :: 1.2 
x 10-3 T and v :: 60 Hz. The magnetic field is inclined at 
angle Bwith Xl: plane. 

a. Express the e.mJ. around the loop as a function of time 
and the angle 8. 

b. For what angle 6'does the induced e. m.f. have the largest 
amplitude? 
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y 

8 

, 

Fig. 8.164 

7. In Fig. 8.165, a uniform magnetic field decreases at 11 

constant rate dBldt '" -K, where K is Il positive constant. A 
circular loop of wire of radius a containing a resistance R 
and acapacitance C is placed with its plane nonnal to the field. 

X X X X 

x'Ox 
X x X X 

Fig. 8.165 

a. Find the charge Qon thecapacitor when it is fully charged. 
b. Which plate is at higher potential when it is fully charged ? 
c. Discuss the force that causes the separation of charges. 

8. A square coil AECD of side 0.1 m is placed in a magnetic 
fieldB =2t2(Fig. 8.166). Heret is in seconds nndB is in tesla. 
The magnetic field is into the plane of the paper. At time t = 2 s, 
find the induced electric field in DC. 

X X X 

ADE 
X X X X 

D C 
X x X x 

Fig. 8.166 

9. A rod of mass m can rolate without friclion about axis 0, 
sliding (also without friction) along and annular conductor 
of radius b arranged in a vertical plane as shown in the 
Fig. 8. 167. The entire arrangement is placed' in a uniform 

Fig. 8.167 

Fa/lday's Law and Lenz'i Law 8.45 . 

magnetic field with the induction B perpendicular to the 
plane of the annular conductor. The axis and the conductor 
are connected 10 the lertllinals of a current source. Determine . 

a. according to which law the current i flowing in the rod 
must vary for the rod to rotale at 0. constant angular"speed. 
Begin to measure the time from the instant when the rod 
is in its right-hand horizontal position. Consider the 
·current to be positive when it flows from the axis of 
rotation to the annual conductor. 

h what the e.m.£. E of the square must be to maintain the 
required current? Consider the total resistance of the 
circuit to be constant and equal to .R. Disregard the 
inductance of the circuit. 

10. A square, conducting wire loop of side L, total mass m and 
total resistance R initially lies in the horizontal xy-plane. 
with comers al (x. J. 4) = (0. O. 0). (0. L, 0). (L, O. 0) and 
(L, L, 0). There is a uniform upward magnetic field in the 
space within and around the loop. The side of the loop that 
extends from (0, 0, 0) to (L, 0, 0) is held in place on the 
x-axis; the rest of the loop is released. it begins to rotate due 
to the gravitational torque. 
a. Find the net torque (magnitude and direction) that acts 

on the loop when it has rotated through an angle; from 
its original orientation and is rotating downwllrd at an 
angular speed (J). 

b. Find the angular acceleration of the loop at the instant 
described in part (a). 

e. Compared to the case' with zero magnetic field, does it 
take the loop a longer or shorter time to rotate thro.ugh 
9()0? Explain, 

d Is mechanical energy conserved as the loop rotates 
downward? Explain. 

11. In Fig. 8.168, CDEF is a fixed conducting smooth frame in 
vertical plane. A conducting uniform rod GH of mass m ca,n 
move vertically and smoothly without losing contact with 
the frame. OH always remains horizontal and is given 
velocity u upwards and released, Taking the acceleration 
due to gravity as g and assuming that resistance is presept 
other than R. Find out the time taken by the rod to reach the 
highest point. 

cr-- I -F 

, 

G --t----:;~:_-r- H (98 

Fig. 8.168 

12. In Fig. 8.169. ABCD is a fixed smooth conducting frame in 
horizontal plane. T is a bulb of power 100 W. P is a smooth 
pulley and OQ is a conducting rod. NegleCt tho self-

.· a 
, . '.' 

'.:. 
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8.415 Physics for IIT·JEE; Electricity and Magnetism 

inductance of the loop and resistance of any part other than 
the bulb. The mass M is moving down with constant velocity 
10 mle. Bulb lights at its rated power due to induced e.m.f. 
in the loop due to earth's magnetic field. Find the mass M of 
the block. (g = 10 m/s2) 

A -1",0,-_-, B 

p 

D--/-;Q;--~C 
M 

Fig. 8.169 

T 

13. Fig. 8.170 shows a conducting rod of length I, resistance R 
and mass m moving vertically downward due to gravity. 
Other parts are kept fixed. B = constant = BoMN and PQ arc 
vertical, ' smooth, conducting rails. The capacitance of the 
capacitor is C. The rod is released from rest. Find the 
maximum current in the circuit. 

M P 

®B 

N Q 

Fig. 8.170 

14. The magnetic field of a cylindrical magnet that has a pole 
face radius 2.8 cm can be varied sinusoidally between the 
minimum value 16:8 T and the maximum value 17.2 T at a 

frequency of 60 Hz. Cross section of the magnetic field 
. " 

created by the magnet is shown in Fig. 8.171. At a radial 
distance of 2 cm from the axis find the amplitud~ of the 
electric field (in mNIC) induced by the magnetic field 
variation. 

x X X 
X X X X 

X X 2.8cm 
X X X X 

X X X 

Fig. 8.171 

15. A long coaxial cable consists of two thin· walled conducting 
cylinders with inner radius 2 cm and outer radius 8 cm. The 
inner cylinder carries a steady current lA, and the outer 
cylinder provides the return path for that current. The 
current produces a magnetic field between the two 
cylinders. Find the energy stored in the magnetic field for 
length 1m of the cable. Express answerin nJ (use In2=0.7). 

16. A're,ctanguiar frame ABCD made of a uniform metal wire 
has a straight connection between E and F made of the same 

wire, as shown in Fig. 8. 172. AEFD is a square of side 1 m and 
BB = FC = 0.5 m. The entire circuit is placed in a steadily 
increasing, uniform magnetic field directed into the plane of 
paper and normal to it. The rate of change of the magnetic 
field is 1 TIs. The resistance per unit length of the wire is 
1 W/m. Find the magnitudes and directions of the currents 
in the segments AE, BE.l)nd EF. 

Fig. 8.172 

17. Two fixed long straight wires carry the same current i in 
opposite directions as shown in Fig. 8.173. A square loop of 
side b is fixed in the plane of the wires with its length parallel 
to one wire at a distance a as shown in the figure. 

s. Calculate the induced e.m.f. in the loop if the current in 
both the wires is changing at the rate dUdt. 

b. What is the direction of force on the loop if dildt is 
positive? 

b 10 1 

__ ..c.: ._. ___ ~E:::::::::. 
Fig. 8.173 

18. Two parallel, long, straight conductors lie on a smooth plane 
surface. Two other paraliel conductors rest on them at right 
angles so as to form a square of side a initially. A uniform 
magnetic field B exists at right angles to the plane 
containing the conductors. Now they start moving out with 
a constant velocity v. 
s. WiU the induced e.m.f. be timedependem? 
b. WiU the current be time dependent? 

19. The rectangular wire fmme, shown in Fig. 8. 174, has a width 
d, mass m, resistance R 'and a large length. A uniform 
magnetic field B exists to the left of the frame. A constant 
force F starts pushing the frame into the magnetic field at 
t = O. 

, , , , , , , , 

I: , , 
:[]. , , F , , 

., , , , . , , , , , , , , 
Fig. 8.174 
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a. Find the acceleration of the frame when its speed has 
increased to v. 

h. Find the terminal velocity of the loop. 
c. Find the velocity at time 1. 

20. In Fig. 8. I 75, ABCEFGA is a square conducting frame of side 
2 m and resistance 1 W/m. A uniform magnetic field B is 
applied perpendicular to the plane and pointing inwards. It 
increases with time at a constant rate of I 0 Tis. Find the rate at 
which heat is produced in the circuit, AB = BC = CD = BH. 

CBjD E 
B H , F 

A G 

Fig. 8.175 

21. Fig. 8.176 shows a part of a bigger circuit. The capacity of 
the capacitor is 6 mF and decreasing at the constant rate 
0.5 mF S-I. The potential difference across the capacitor is 
changing as follows: 

dV = 2 Vs-I d
2
V =~ Vs-2 

dt 'dt2 2 

2 H 6).l.F 

40 

3A 

Fig. 8.176 

The current in the 4 W resistor is decreasing at the rate of 
I rnA S-I. What is the potential difTerence (in micro· volts) 
across the inductor at this ~oment? 

22. In the cireuits shown in Figs. 8.1771!n{t8.l78, Siand S2are 
switches. S2 remains closed for a longtime andSI is opened. 
Now SI is also closed. Just after SI is closed, find the 

potential difference (II) across Rand di (with sign) in L. 
dt 

Fig. 8.177 

R V, 2R , 

, 

0 0 0 

Fig. 8.178 

Faraday's Law and Lents Law 8.47 

23. In Fig. 8.179, a rod of length i and mass III moves with an 
initial velocity u on a fixed frame containing ipductor Land 
resistance R. PQ and MN are smooth conqucting wires. 
There ,is a uniform magnetic field of strength B. Initially, 
there is no current in the inductor. Find the, total charge 
flown thro.ugh the inductor by the time, the current in the 
inductor be'comes i velocity of rod becomes VI and the rod 
has travelled a distance x, 

fP-+-----oo-----:Q 
<SIB 

M N 

Fig. 8.179 

R 

24. A 1.00 mH inductor and a 1.00 mF capacitor are connected in 
series. The current in the circuit is described by 1 = 20.0 (, 
where t is in seconds and 1 is in amperes. Initially, the 
capacitor has no charge. Determine 

3. the voltage across the inductor as a function of time, 
h the voltage across the capacitor as a function of time, 
c. the time when the energy stored in the capacitor first 

exceeds that in the inductor. 
25. Two capacitors of capacitance 2C and C, respectively, are 

connected' in series with an inductor of inductance L. 
Initially the capacitors have charge such that Vn- VA = 4Vo 
and Vc- Vv = Va' Initial current in the circuit is zero. 

L 

Fig. 8.180 

Find 
a the maximum current that will flow in the circuit, 
h the potential difference across each capacitor at that 

instant, 
e. the equation of current flowing towards left in the inductor. 

26. Switch S is closed in the circuit at time t = O. Find the current 
through the capacitor and the inductor at any time I. 

R, 
R, 

c 
L R, 

Fig. 8.181 
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8.48 Physics for IlT-JEE: Electricity and Magnetism 

27. In the circuit shown ill Fig. 8.182, the capacitor is initially 
uncharged and the two-way switch is connected in the 
position Be. Find the current through the resistance R as a 
function of time t. After a time / = 4 ms, the switch is 
connected in the position AG. Find the frequency of 
oscillation of the circuit in the position, and the maximum 
charge on the capacitor C. At what time will the energy 
stored in the capacitor be one half of the total energy stored 

, h ' " I ' , 04 In2" lilt eClrcUit. tlsglvenL = 2xl - H,C = 5mF,R = -
JO 

and e.m.f. of the battery = I V. 

• c 

• B R 

Fig. 8.182 

Objective Type Solutions on page 8.106 

1. A horizontal straight conductor when placed along south
north direction falls under gravity; there is 
a. an induced current from south-to-north direction 
b. an induced current from north-to-south direction 
c. no induced e.mJ. along the length of the conductor 

. d. an induced e.mJ. along the'length of the conductor 
2. Two circular, similar, coaxial loops carry equal currents in the 

same direction. If the loops are brought nearer, what will 
happen? 
a. Current wHl increase in each loop 
b. Current will decrease in each loop 
c. Current will remain same in each loop 
d. Current will increase in one and decrease in the other 

3. As shown in Fig. 8. 183, a magnetic is moved with a fast speed 
towards a coil at rest. Due to this, induced electromotive force, 
induced current and induced charge in the coil are j:, I and Q, 
respectively. If the speed of magnetic is doubled, the incorrect 
statement is 

'c:;:l 
Fig. 8.183 

a. E increases h I increases 
c. Q remains the same d. Q increases 

4. A rectangular coil ABGD is rotated anticlockwise with 
a uniform angu lar velocity about the axis shown in 
Fig. 8.184. The axis of rotation of the coil as well as the 
magnetic field B is horizontal. The induced e.m.f. in the coil 
would be minimum whellthe plane of the coil 

a. is horizontal 
h makes an angle of 45 0 with the direction of magnetic field 
c. is at right angle to the magnetic field 

" d makes an angle of 30° with the magnetic field 
, , 

Fig. 8.184 

, 5. A rod PQ is connected to the capacitor plates. The rod is 
placed in a magnetic field (8) directed downwards perpe
ndicular to the plane of the paper. If the rod is pulled out of 

magnetic fie ld with velocity v as shown in Fig. 8.185. 

XBXXXX 

x Xp X X X X 

X :1 X X X X 
• v+ 

X X X X X 

X xQ X X X X 

X X X X X X 

Fig. 8.185 

a. plate M will be positively charged 
b. plate N will be positively charged 
c. both plates will be similarly charged 
d no charge will be collected on plates. 

f~ 

6. A mutual inductor consists of two coils X and Y as shown in 
Fig. 8.186 in which one quarter of the magnetic flux produced by 
X links with Y, giving a mutual inductanceM . 

Fig. 8.186 

What will be the mutual inductance when Y is used as the 
primary? 
a. MI4 h MI2 c. M d 2M 

7. Switch S of the circuit shown in Fig. 8.187 is closed at 
t = O. If e denotes the induced e.m.f. in Land i, the current 
fl owing through current flowing through the circuit at time 
t, then which of the following graphs correctly represents 
the variation of e with i ? 

,___ x ,___ X ., b, 

Fig. 8.187 (Con/d.) 
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,---. x 
d. 

Fig. 8.187 

8. A flexible wire bent in the (onn of a circle is place in a unifonn 
magnetic field perpendicularly to the plane a rlhe coil . The 
radius orlhe coil changes as shown in Fig. 8.188. The graph 
of magnitude induced e.m.f. in the coil is represented by 

'~ 

t:ll-~r--f 
012 ,---->-

Fig. 8.188 

d 

x 

ftccfUL 
o 2XOl2 X 

•• b . 

ilLL fltL 
02 X012X 

I ----to- I -..-

<. d. 

Fig. 8.189 

9. A small coi l of radius ri s placed at the cemreof a largeeoi! 
of radius R, where R » r. The two coils are coplanar. The 
mutual inductance between the coils is proportionailo 
a. rlR b. rllR 
c. r2/R 2 d .r/R2 

10. A thin circular ring of area A is perpendicular to unifonn 
magnetic fie ld of induction B. A small cut is made in thc ring 
and a galvanometer is connected across Ihc ends such that 
the towl resistance of circu it is R. When the ring is suddenly 
squeezed to zero area, the charge flo wing through the 
galvanol'fleter is 

BR 
a. -

A 

c. ABR 

AB 
b. 

R 

B'A 
d. 

R' 
11. A c ireu'it contains two inductors or self-i nductance L l and 

'--2 in series (Fig. 8.190). If M is thc mutual inductance thcn 
the effective inductancc of the circu it shown will bc 

• 

faraday's law and l ents law 8.49 

L, 

Fig. 8.190 

a. Ll+~ b. LI+~-2M 
c. LI+~+M d LI+ ~+2M 

12. In the circuit (Fig. 8. 191 ) what is potential d ifference 
VB - VA when the current I is 5 A and is decreasing at Ihe rate 
of 103 Als? 

In 15Y 5mH 

A ~ If-o • ......,G"~"Olf1~~r~~ B 
Fig. 8.191 

0.0 b. 1SV 
c.20V d. 25V 

13. In the circuit (Fig. 8.192), the current through 30 n resistance 
when circuit is completed is 

Fig. 8.192 

a.3A b O.lA 
c.5A d. O.SA 

14. In an a.c. sub-circuit (Fig. 8. 193), the resistance R = 0.2 n. At 

a certain instant VA - VI! = 0.5 V, I = 0.5 A, M = 8 A/s. Find ., 
the inductance of the coil. 

~ 
Fig • .8.193 

a. om H b. 0.02 H 
c. 0.5 H d. 0.5 H 

15. A wire is benl lO rorm the double loop shown in Fig. 8. 194. 
There is a uniform magnetic fi eld directed into the plane of 
thc loop. If thc magnitude of this field is decreasing, the 
current will fl ow from 

XA x X X 8X 

x~x 
X~X~X 
X X X X X 

a. a toband ctod 
c.ato b and(/toc 

Fig. 8.194 

b. btoaanddtoc 
d. btoaandctod 
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8.S0 Physics for IIT·JEE: Electric ity and Ma9netism 

16. A ';ire of sl iding as shown in Fig. 8.195. The angle between 
the acceleration and the velocity of the wire is 

@ 
R 8 , b 

)if 

Fig. 8.195 

a 30" b 4O' c. 120" d9O" 
17. A conducting ring of radius r is roBing without slipping with 

a consul11t angular velocity w(Fig. 8.196) . If the magnetic 
field strength is B and is directed into the page .them the 
e.mJ. induced Bcross PQ is 

X X X X X X 

X X 

X PX 

X X 

X X xQx X X 
Fig. 8.196 

18. A 0. 1 m long conductor carrying a current of 50 A is 
perpendicu lar to a magnetic field of 1.25 mT. The mecha
nical power to move the conductor with a speed of I m S- I is 
a. 0.25mW h 6.25mW 
e. 0.625 W d. I W 

19. An electric current I is passed through a circular loop of 
folded compeer wire as shown in Fig. 8.197. The magnetic 
induction at the centre of the loop will be 

Fig. 8.197 

aO h 2Poi 

Jlol 110' c. - d. 
/' 2r 

20. A conducting wire xy of length I and ma~ 'm·is sliding 
without friction on vertical conduction rails ab and cd as 
shown in Fig. 8.198. A un iform magnetic field B exists 
perpend-icular to the plane of the rails, x moves with a 
constant velocity of 

• 

a. mgR 
81 

~ XI'IY 
b d 

Fig. 8.198 

h mgR 
81' 

mcR mgR 
c. d. 

E212 Bll 
21. The inner loop has an area of 5 x 10- 4 m2 and a resistance 

of 2 n (Fig. 8.199). The larger circular loop is fixed and has a 
radius of 0.1 m. Both the loops are concentric and coplanar. 
The smaller loop is rotated with an angular velocity of wrad 
S·I about linked its diameter. The magnetic flux with the 
smaller loop is 

Fig. 8_199 

a. 2nx 10-6 weber 
c_ a x 10-geos ax weber 

h ax 10-9 weber 
d. zero 

22. The coefficient of mutual inductance of two cireuits A and B 
is 3 mH and their respective resistances are 10 and 
4 n. How much current should change in 0.02 s in the circuit 
A, so that the induced current in B should be 0.0096 A? 
a. 0.24 A h 1.6A 
e.O.18A d. 0 .16A 

23. A circuit ABCD is held perpendicular to the uniform 
magnetic field of B = 5 x 10-2 T extending over the region 
PQRS and directed into the plane of the paper. The circuit is 
out of the field at a uniform speed of 0.2 ms- I for 1.5 s. 
During this time, the current in the 5 n resistor is 

P Q ,- - --- -- -- --1 
I 0.5 m I 

1 oJ mII' @t 'l 
I D I 
I I L ___ __ __ __ __ -' 

S R 
Fig. 8.200 

8 

~ :.~:. , 
c 

a 0.6mAfrornB toC 
c. 0.9 rnA from C to B 

h 0.9mAfromB toC 
d. 0 .6 rnA from C to B 

'. 24. A square metal wire loop of side 10 em and resistances I Q 
is moved with constant velocity )10 in a uniform magnetic 
fi eld of induction B = 2 Wb mol, as shown in Fig. 8.201'. The 
magnetic field lines are perpcndicular to the plane of loop 
and directed into the paper. The loop is connected to the 
network of resistances, each of value 3 Q. The resistance of 
the lead wires is neg ligible. The speed of the loop so as to 
have 1I steady currcnt of 1 rnA in the loop is 
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r-------I 
IXXXXI , 

"'. 

IXXXX 
IXXXX 
i x x LX"--X"--+----' 

a. 2 ms- I 

c. 10ms-1 

Fig. 8.201 

b. 2 cms- I 

d 20ms-1 

25. A long solenoid of length L, cross section A having NI turns 
has·wound about its centre a small coil of N2 turns as shown 
in Fig. 8.202. Then the mutual inductance of two circuits is 

-+--------L --------. 

1\\ \ '\\\" \11 , 

Fig. 8.202 

b. fio A(NIN2) 

L 

fioA NI2 N2 
d. 

L 
26. A conducting wire of mass m slides down two smooth 

conducting bars, set at an angle eta the horizontal as shown 
in Fig. 8.203. The separation between the bars is 1. The 
system is located in the magnetic field B, perpendicular to 
the plane of the sliding wire and bars. The velocity of the 
wire is 

R 
B 

Fig. 8.203 

b. mgRsine 

El' 
mgRe mgRsine 

c. 8 215 d. Bl4 

27. An e.m.f. of IS Y is applied in a circuit containing 5 H 
inductance and 10 n resistance. The ratio of the currents at 
timet=o<>andt= 1 sis 

el12 e2 

a. e112 _J b. e2 _1 

c. I- e- I d. e- I 

28. In Fig. 8.204(a) and (a), two air-cored solenoid P and Qhave 
been shown. They are placed near each other. In 
Fig. 8.204 (a), when I p, the current in P, changes at the rate of 

Faraday's law and Lenz's Law 8.51 

5 A $_1, an e.m.f. of2 mY is induced in Q. The current in P is 
then switched off, and the current changing at 2 A S-I is fed 
through Q as shown in the figure. What e.m.f. will be 
induced in P? 

a.8xlO-4y 
c.5xlO-3 y 
e.8xlO- l y 

(,) (b) 

Fig. 8.204 

b. 2x 1O-3 y 
d. 8x 1O-2y 

29. Two diffcrcnt coils havc self-inductances LI = 8 mH and 
L2 = 2 mHo The currcnt in onc coil is increased at a constant 
rate. The currcnt in the second coil is also increased at the 
same constant rate. At a certain instant of time, the power 
given to the two coils is the same. At that time, the current, 
the induced voltage and energy stored in the first coil are I I' 
VI and WI' respectively. The corresponding values for 
the second coil are 12, V2 and W2, at the same resistant, 
respectively. The ratio of II to 12 is 

a.!J..= 1 b. !J..=4 
12 4 12 

~ c. 
2 

d !l= 1 . 
/, /, 

30. In Q. 29, the ratio of VI to V2 is 

V, 1 
a. = 

V, 4 

~ 2 c. = 
V, 

b ~=4 . 
V, 

d ~=I 
V, 

31. In Q. 29, the ratio of WI to W2 is 

W2 =4 b a. , . WI =4 
W, W, 

c. "'1 = ( 
W, 

d -'2L=2 
W, 

32. At a place. the value of horizontal component of the earth's 
magnetic field H is 2 X 10-5 Wb/m 2• A metallic roti AB of 
length 2 m placed in east-wcst direction, having the end A 
towards east, fall s vertically. Which end of the rod becomes 
positively charged and what is the value of induced 
potential difference between the two ends? 

a. EndA,3x 10-3 mY 
b. EndA,3mY 
c. End B, 3 x 10-3 mY 
d EndB,2mY 

33. A coil of inductance 0.20 H is connected in series with a 
switch and a cell of c.m.f. 1.6 V. Thc total resistance of the 
current is 4.0 n. What is the initial rate of growth of the 
current when the switch is closed? 
a. 0.050 AS-I b. 0.40 AS- I 
c. 0.1 3 AS-I d 8.0 As- 1 

eO. 0.32 AS-I 
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8.52 Phy.ics for I1T.JEE: Electricity and Magnetism 

34. A small square loop of wire of side {is placed inside a large 
square loop of side L (L« 0). The loops are coplanar and 
their centres coi ncide. The mutual induction of the system is 

/ / ' 
a. - h. 

L L 

L L' 
c. - d. 

/ / 
35 .. The length of a wire required to manufacture a solenoid of 

length I and se lf· induction L is (cross·sec t i~na l area is 
negligible) 

a. J2:U b, JIIOU 
4n 

c. ) 41TLl d JpoLl 
flo 2tr 

36. Fig. 8.205 shows a copper rod moving with velocity v parallel 
to a long straight wire carrying CUlTCnt = 100 A. Calculate the 
inducede.mJ. in !he rod, wherev = 5 mswl ,a= I cm,b = lOOcm. 

a O.23mV 
c. O.1 6 mV 

, '. , , 
t 

I 

Fig. 8.205 

b. 0.46 mV 
d . 0.32 mY 

37. A square loop of side a and a straight infinite conductor are 
placed in the same plane with the two sides of a square 
parallel to the conductor (Fig. 8.206). The inductance and 
the resistance are equal to Land R. The frame is turned 
through 180" about axis 0 0'. Find the charge that flows in 
the square loop. 

I ' 10 

I b T "lJ 
, , , , 
I !O' 

Fig. 8.206 

a flo III a+[, h Po In (2a +b) 
1TR b 1TR b 

c. pola ln 2a +b d.III (" +b)IIO/ 
2nR b . b 21TR 

38. A superconducting ring of radius a and inductance L is 
located in a uniform magnetic field of induction 8. The 
plane of the ri ng is paral lel to 8 and the current in the ring is 
zero. Then the ring is turned through 90" so that the plane is 
perpendicular to the fi eld. What is the work done in turn ing 
the ring? 

n2(J.482 

" 
n

2a2
8 2 

a 
2L 2L 

1(0282 tla4B 2 
<, -- d, 

2L 4L 
39. A rectangular loop with a sliding conductor of length { is 

located in a uniform magnetic field perpendicular to the 
plane of the loop (Fig. 8.207). The magnetic induction is B. 
The conductor has a resistance R. The sides AB and CD 
have resistances R, and R2, respectively. Fi nd the current 
through the conductor during its motion to the right with a 
constant velocity v. 

a 

<, 

x 
x 
x 
X 
X

R X 
X 
X 
X 
X 

, 

8 Iv(R, +R2) 

R,(R, +~) 

A 

B 

Blv(R, + R2) 

X X 
X 

X X 
X X 
X ~ X R 

X X 
X X 

X X 
Fig. 8.207 

" 
d, 

R,R2 + R(R, + R2) 

D 

C 

X 
X 
X 
X 
X 

R,X 

X 
X 
X 
X 

Bl2v 

R, + R, R2 

812v 

R, R2 +R(R, +R2) 

40. A wire of length I, mass m and resistance R slides without 
any friction down the parallel conducting rails of negligible 
resistance (Fig. 8.208). The rails are connected to each other 
at the bottom by a resistanceless rail parallel to the wire so 
that the wire and the rail s form a c losed rectangular 
conducting loop. The plane of the rails makes an angle B 
with the horizontal and a uni form vertical magnetic fie ld of 
induction 8 exists throughout the region. Find the steady· 
state velocity of the wire. 

• 
Fig. 8.208 

b. mg sin ' () 
R 8 2{2 cos2 (J 

mgRsin(J R sin 2 (J 
c. 8 2/ 2 COS2 (J d. mg 8 2/ 2cos 8 

41. A plane loop, shaped as two square of sides 0 = I m and 
b = 0.4 m is introduced into a uniform magnctic field .1 10 

the planc of loop (Fig. 8.209): The magnetic field varies as B 
= 10-3 sin lOOt. The amplitude of the current induced in the 
loop, jf its resistance per uni t length is r = 5 n mwl is 
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a.2A 
c.4A 

, 

, Fig. 8.209 

h 3A 
d. 5 A 

I 
42. A conductor of mass In = - kg and length = 2 m can 

, 4 
move' without friction along two metallic parallel plates 
in a horizontal plane and connected across a capacitor 
C= 1000 IlF (Fig. 8.2 10). The entire system is in a magnetic 
field of induction B = 2 T upwards. A constant force F is 
applied to the middle of conductor .1 to it and parallel to 
tracks. The acceleration of the conductor is 

a. 5 ms-2 

c. 3 ms-2 

Fig. 8.210 

h 4ms-2 

d. 2 ms-2 

43. A conductor of length I and mass m can slide without any 
frict ion along the two vertical conductors connected at the 
top through a capacitor (Fig. 8.2(1). A uniform magnetic 
field B is set ,up.L to the plane of paper. The voltage across 
the capacitor in terms of distance x through which 
it falls is 

x x c 

x X 

X X X 

X X X 

X X I: X X 

X X X 

x 
X"\ 

X 

X 

X 

X 

X 

x 

t , 

t 
X 

X 

X 

Flg.8.m 

a. Bl2gx 

c. BI./28X 

h BI,fiX 

d. Bx ./281 
44. The inductance L of a solenoid of length {, whose windings 

are made of materia! of density D and resistivity p, is 
(the winding resistance is R) 

a. ..!:!.2.... Rill 
4nl pD 

c. .!:!2.... R2
m 

4nl pD 

h Po ~ 
4JrR pD 

d Po..!!!!.... 
2;rR p D 

f,m da(s t aw and Lenis law P~) 

45. A toroid is along a co il of wire, wound over a circular core. 
The coeffic ient of self-inductance of the toroid is given by 
(radius = r), when the magnetic field is within it is unifonn 
andR » r 

. poNr! 
a, L=--

2 R. 

lloNr2 
c. L = - 

R 

L=JioNr 
b. 2R 

46. A rectlmgular loop of sides 10 em and 5 em with II cut is 
stationary between the pole pieces of an electromagnet. The 
magnet field of the magnet is normal to the loop. The current 
feeding the electromagnet is reduced so that the field decreases 
from ils initial value orO.3 T at the ra te of 0.02 T S- I. If the 
cut is joined and the loop has a resistance of 2.0 n, the 
power di ssipllted by the loop as heat is 
a.5nW h 4nW 
c. 3 nW d 2nW 

47. A straight solenoid has 5000 turns per metre in the primary 
and 200 turns in the secondary. If the area of crosses is 
4 cm2, the mutual induction wi l.1 be 
a. 503 H b. 503 mH 
c. 503 pH d. 5.03 H 

48. The app~oximate formula expressing the formula induct
ance of two thin co-axial loops of the same radius a waen 
their centres arc scp.1rated by a distance 1 with I» a is 

1 )Jofla
4 ! ,u00 4 

a. "2-1'- b. 2 12 
, , 

)Jo flO J10 ~ 
C. 41l" f"l d. 1l" ,3 

49. The length of a thin wire required 10 manufacture a solenoid 
of length I = 100 em and inductance L = I mH, if the 
solenoid 's cross·seetional diameter is considerably less 
than its length is . 
a. 1.0 km b. 0.10 km 
c. 0.010 km d. 10 km 

50. Find the inductance of a solenoid of length' whose winding 
is made of copper wire of mass III. The winding resistance is 
equnlto R. The solenoi9 is considerably less than ils length. 

Po R pol PPo a. b. 
'4m1lR 

,. 
d. None of these 

51. In a long straight solenoid with cross-sectional radius a and 
number of turns per unit length II. the current varies with the 
rate I Als. The magnitude of the eddy current field strength 
as a function of dis tance r from the solenoid axis is 

111/02 1 /a2 
a. - - - b. 

2 Po" 2 Po" 

11/ (12 1 J10lll (/ 
c. d 

Po" 2 ,. 
52. A 22 em long solenoid, having total number of turns 1000. 

consists of 11 core of cross-sectional area 4 cm2
• Half 

'. 

" , 

, I ," ., . 
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8.54 Physics for IIT-JEE: Electrici ty and Magnetism 

portion of the core consists of air and other half is made 
of iron of relative permeability 500. The self- inductance of 
the solenoid is 
a. 0.57 H b. 0.64 mH c. 0.057 H d. 57.0 H 

53. Magnetic flux linked with a stationary loop of resistance R 
varies with respect to time during the time period T as 
follows: 

¢= aT(T -r) 

The amount of heat generated in the loo.p during that time. 
(inductance of the coil is negligible) is 

a. aT h a
2
T2 c. a2T2 d a2T3 

3R 3R R 3R 
54. A current in a coil of self-inductance 2.0 H is increasing as 

j = 2 sin (2. The amount of energy spent during the period 
when the current changes fro'm 0 to 2 A is 
a.IJ b.2J c.3J d.4J 

55. A thin ring of radius 10 cm carries a uniformly distributed 
charge. The ring rotates at a constant speed of 1200 r.p.m. 
about its axis ..L to the plime. The charge on the ring if 
B = 3.14 x 10- 9 T at the centre is 
a. 10-5 C b. 2 X 10-5 C 
c. 2.5 X 10-5 C d. 5.2 X 10-5 C 

56. A small magnet is along the axis of a coil and its distance 
from the coil is 80 cm. In this position, the flux linked with 
the coil i~ 4 x 10-5 weber. If the coil is displaced 40 cm 
towards the magnet in 0.08 s, then the induced e.m.f. 
produced in the coil will pe 
a. 0.5mV h ImV c.7mV d -4mV 

57. In the circuit shown (Fig. 8.212), X is joined to Yfor a long 
time and then X is joined to Z. The total heat produced in 
R2 is 

L 

R, 
Fig. 8.212 

a LE2 h LE2 LE2 d LE2 Rz 
2RJ

2 2R; c. 2RJ Rz 2 Rt 
58. A cylindrical space of radius R is filled with a uniform 

magnetic induction B parallel to the axis of the cylinder. If B 
changes at .<I constant rate. the graph showing the variation 
of induced electric field with distance r from the ax'is of 
cylinder is 

X X X 

X X X X X 

X X X X 

X X 

X X 

Fig. 8.213 

' . 

,. d. 

Fig. 8.214 

59. A small circular loop of radius r is placed inside a circular 
loop of radius R (R» r). The loops are coplanar and their 
centres coincide. The mutual inductance of the system is 
proportional to 
a. rlR b. ,2IR c. rlR2 d. r21R2 

60. A circular coil of wire consists of exactly 200 turns with a 
total resistance 0.20 n. The area of the coil is 100 cm2. The 
coil is kept in a uniform magnetic field B as shown in 
Fig. 8.215. The magnetic field is increased at a constant rate
of~ Tis. The current induced in the coil (state the sense 0[- 

in.4ced current) is 

al3A 
c. lOA 

Fig. 8.215 

h5A 
d.20A 

61. A flip coil consists of N turns of circular coils which lie in a 
uniform magnetic field. Plane of the coils is perpendicular 
to the magnetic field as shown in Fig. 8.216. The coil is 
connected to a current integrator which measures the total 
charge passing through it. The coil is turned through 180" 
about the diameter. The charge passing through the coil is 

NBA 

R 

® 
@ 

® 

0i) ® X, ~ 
B;n 

Ntums 

@ @@ ofa coil 

® ® ® 

Fig. 8.216 

.J3NBA 
h .:c::-':= 

2R 
NBA 

c --".fiR 
I 

d 2NBA 
R 
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62: An elasticized conducting band is around a spherical 
balloon (Fig. 8.217). Its phme passes through the centre of 
the balloon. A uniform magnetic field of magnitude 0.04 T 
is directed perpendicular to the plane of the band. Air is let 
out of the balloon at 100 cm3Js at an instant when the radius of 
the balloon is 10 cm. The induced e.m.f. in the band is 

1 r 
Conducting 

1+\"""' 
Fig. 8.217 

a. 15 ~V b. 25 ~V c. 10 ~V d 20 IN 
63. A copper rod is bent into a semi· circle of radius a and at 

ends straight pans are bent along diameter of the semi-circle 
and are passed through fixed, smooth and conducting ring 
o and 0' as shown in Fig. 8.218. A capacitor having 
capacitance C is connected to the rings. The system is 
located in a uniform magnetic field of induction B such that 
axis of rotation 00' is perpendicular to the field direction. 
At initial momcnt of time (t = 0), plane of semi·circle was 
normal to the field direction and the semi-circle is set in 
rotation with constant angular velocity Ill. Neglecting 
resistance and inductance of the circuit. The current flowing 
through the circuit in function of time is 

a 

/' 

09B 
C 

Fig. 8.218 

1 
a. '41(1ll2a2CBcosOJt 

I 
h zRIll2a2CBcosillt 

c. ~ RIll2 a2CB sin Illt d. ~Rlll2a2CBsinllll 
64. A _uniform magnetic field of induction B fills a cylindrical 

volume of radius R. A rodABoflength 2[ is placed as shown 
in Fig. 8.219. If B is changing at the rate dBJdr, the e.m.f. that 
is produced by the changing magnetic field and that acts 
between the ends of the rod is 

c 
x X X 

, 
Fig. 8.219 

a. dB I~R2 _12 
dt 

Faraday's Law and lenz's law. a.5S 

b. dBI~R2+12 
dt 

c. !..dBI~R2 _/2 
2 dt 

d • .! dB I~R2 +/2 
2 dt 

65. Charge Q is uniformly distributed on a thin insulating ring 
of mass m which is initiaHy at rest. To what angular velocity 
will the ring be accelerated when a magnetic field B, 
perpendicular to the plane of the ring, is switched on ? 

a. _ 9B b. _ 3QB c._ QB d._ QB 

2m 2m III 4m 
66. The length of a thin wire required to manufacture a solenoid 

of inductance L and length I, jf the cross-sectional diameter 
is considered less than its length is 

a. )4ff~ b. )ff~ c. )21(~ 
J10 J10 J10 

d. )41(IL 
3po 

67. Calculate the inductance of a unit length of a double tape 
line as shown in Fig. 8.220. If the tapes are separated'by a 
distance h which is considerably less than their width b. 

Poh a - 
b 

/
1 1 

1'/ 

Fig. 8.220 

b. J10h 
2b 

2J1oh 
C. --

b 
d .fi Poh 

b 
68. Find the inductance of a unit length of two paral lel wires each 

of radius a whose centres are a distance d apmt carry equal 
currents in opposite directions. Neglect the flux within the 
wire. The wires carry current in opposite directions. 

b. J1;/ln(d:a) 

' 3Pol (d -a) c. --10 - -
~ a 

d. f.-lo/ln(d - a) 3ff · a 
69. Fig. 8.221 shows a rectangular coil near a long wire. The 

mutual inductance of the combination is 

09090909 
c-+f-+-- b--+-l 

09 09 09 09T 
" 

i, 

09 09 09 091 

09090909 
Fig. 8.221 
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8.56 Physics for IIT-JEE: Electricity and Magnetism 

.. Poa In (1- i>.) h Poa In (1+ i>.) 
2tr c 2tr c 

c. Poaln(I+i>.) d Poaln(I+i>.) 
tr c .fi;r c 

70. In the given circuit (Fig. 8.222), the current through the 5 mH 
inductor in steady state is 

SmH 

lOmH 

sn 20V 

Fig. 8.222 

2 8 1 2 
a. -A h -A c. -A d -A 

3 3 3 3 
71. In the electrical network at t < 0 (Fig. 8.223), key was placed 

on (1) till the capacitor got fully charged. Key is placed on 
(2) at t = O. Time when the energy in both the capacitor and 
the inductor will be same for the first time is 

L 

Fig. 8.223 

h 3IT J'LC c. "J'LC 
3 4 

72. The total heat produced in the resistor R in an RL circuit when 
the current in the inductor decreases from 10 to 0 is 

12 3 2 12 
a. LlJ h 2L10 c. 2L10 d 3Llo 

73. In the circuit shown (Fig. 8.224), X is joined to Y for a 
long time and then X is joined to Z. The total heat produced 
in R2 is 

I~; 
E R, 

Fig. 8.224 

LE' 
h 2R2 , 

LE2R 
d ---' 

2R~ 
74. In the circuit shown (Fig. 8.225), the cell is ideal. The coil has 

an inductance of 4 H and zero resistance. F is a fuse of zero 
resistance and will blow when the current through it reaches 
5 A. The swit~h is closed at t = O. The fuse will blow 

+ F 
E - :ZV_

T L _ _ ~/.~S_-, 

Fig. 8.225 

a. almost at once h after 2 s 
c. after 5 s d. after 10 s 

75. In the circuit shown (Fig. 8.226), the coil has inductance and 
resistance. When X is joined to Y, the time constant is I 

during the growth of current. 

FrJ 
'z 

Fig. 8.226 

When the steady state is reached, heat is produced in the 
coil at a rate P. Xis now jo~ned to Z 
a. The total produced in the coil is p,. 

h The total heat produced in the coil is ~ PT 

c. The total heat produced in the coil is 2 PT 
d The data given are not sufficient to reach a conclusion 

76. A cylindrical space of radius R is· filled with a uniform 
magnetic induction B parallel to the axis of the cylinder 
(Fig. 8.227). If B changes at a constant rate, the graph 
showing the variation of induced electric field with distance 
jfrom the axis of cylinder is: 

,. 

x X X 

X X X 

X X 

Fig. 8.227 

d. 

77. A conductor PQ. with PQ == r moves with a velocity v ina 

uniform magnetic field of induction B . The e.m.f. induced 

in the rod is 
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a (vxii).; 

c. B.(i'xv) 

b ;.(;xii) 

d H'xii)1 
78. A vertical ring of radius r and resistance R falls vertically. It 

is in contact with two vertical rai ls which are joined at the 
top. The rails are without friction and resistance. There is a 
horizontal uniform magnetic field of magnitude B 
perpendicular to the plane o f the ring and the rai ls. When 
the speed or the ring is v, theeurrent in the lOp horizontal of 
the rail section is 

a. 0 b. 2Br.J C. 48IV d SB", 
R R R 

79. A long solenoid hav ing 200 turns pCl'cm carries a current of 
1.5 A. At the centre or the solenoid is placed a coil of 100 
turns ofcross-scctional area 3. 14 x 10. 4 m2 hav ing its axis 
parallel to the field produced by the solenoid. When the 
direction of current in the solenoid is reversed within 0.05 5, 
-the induced c.m.f. in the coil is 
a. 0.48 V .b. 0.048 V 
c. 0.0048 V d. 48 V 

80. A uniform but tim~-varying magnetic field B(t) exists in II 

circular region o f radius a and is di rected into the plane of 
the paper as shown in Fig. 8.228. The magnitude of the 
induced electric field al poi nt P at II distance from the centre 
of the circular region 

a iszero 

B 

x X 

X X 

x • X 

, 
Fgi.8.228 

I 
b decreases as -, 

I 
c. increases as r d. decreases as """2 ,. 

81. In an LR circuit connected to a battcry of constant e.m.f. E 
switch S is closed at time t = 0 (Fig. 8.229) . If e denotes the 

, induced e.m.f. ·across the inductor and j the current in the 
circu it at any time t. Th~J1 which"of the followi ng graphs 

, shows the varimion of e with i? 

.. b . 

,. d. 

Fig. 8.229 

Farad~y's Law and Lenis Law 8.57 

82. A rectangular loop with a sliding connector of length 1= 1.0 m 
is situated in II uniform magnetic field B ::: 2 T perpendicu lar 
to the plane of loop. Resistance of connector is r = 2 n. 
Two resistances o f 6 and 3 n are connected as shown in Fig. 
8.230. Thcextemal force required to keepthccoonector moving 
with a constant velocity v = 2 m1s is 

Fig. 8.230 

a. 6N h 4N c.2N diN 
83. A metal rod of resistance 20 n is fixed along a diameterofa 

conducting ri ng of radius 0.1 m and lies onx~y plane. There 

is a magnetic field jj = (50 T) k. The ring rotates with an 

angular velocity ()) = 20 radls about its axis. An external 
resistance of 10 n is connected across the centre o f the ring 
and rim. The current through external resistance is 

aJ.. hJ.. c . .!. d O 
4 2 3 

84. Some magnetic flux is changed (rom a coil of resistance 
10 n. As II resu lt an induced current is developed in it. which 
varies with time as shown in Fig. 8.23 1. The magnitude of the 
change in flux through the coil in webers is 

I (A) 

a.2 

4 

--+- ----''h->- 1(5) 0.1 

Fig. 8.231 

b 4 c.6 d 8 
85. In an LR circuit connected to n battery, the rate at which 

energy is stored in the inductor is plotted against time 
during the growth of current in the circuit. Which of the 
foll owing best represents the resulting curve? 

R"'1 n . ~ 
Time 

R"h b • 

Time 

R"~ ,. 
Time '''h d. 

Time 

Fig. 8.232 .. . 
86. Two eoils are at fixed Iocations:When coi l I has 'no current 

and the current in coil 2 increases al the rate 15.0 A/s the 
e.m.f. in coil I is 25.0 mY, when coil2 has no current and coil 
I has a current of3.6 A, the nux linkage in coil 2 is 
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8.58 Physics for IIT·JEE: Ell!ctricity and Magnetism 

a 16mWb 
c. 4.00mWb 

h lOmWb 
d 6.00 mWb 

87. lWoconcentric and coplanar coils have radii a and b (» a) 
as shown in Fig. 8.233. Resistance of the inner coil is R. 
Current in the outer coil is increased from 0 to i. then the 
total charge circulating the inner coil is 

Fig. 8.233 

h poiab 
2R 

c. JIoiab 1fb
1 

d. Prib 
2a R 2!tR 

88. A current io is flowing through an L-R circuit of time 
constant to' The source of the current is switched off at time 
t = O. Let r be the value of (- dild/) at time t = O. Assuming 
this rate to be constant, the current will reduce to zero in a 
time interval of 
a. 10 

'0 c. -, 
89. A metal disc of radius a rotates with a constant angular 

velocity wahout its axis. The potential difference between 
the centre and the rim of the disc is (m = mass of electron, 
e =; charge on e lectron) 

mola2 

a.---, 
ew2 a2 

C. - --

b. 

d. 

I mw2a2 

- - - -
2 , 
eoia 2 

2m m 
90. The radius of the circular conducting loop shown in 

Fig. 8.234 is R. Magnetic field is decreasing at a constant 
rate a. Resistance per unit length of the loop is p. 

xex 
X X X X X 
A B 

X X X 

Fig. 8.234 

Then, the current in wireAB is (AB is one of the diameters) 

Ro Ra 
a. 2p from A to B b. 2p from B to A 

2Ra 
c. 2p fromAto H d.O 

91. A current of2 A is increasing at a rate of 4 A1s through a~oil 

of inductance 2 H. The energy stored in the inductor per 
unit time is 
a. 2 Jls h 1 l/s c.161/s d 4 J/s 

92. A conducting rod PQ of length L = 1.0 m is moving with 
a unironn speed v = 2.0 mls in a uniform magnetic field 
B = 4.0T directed into the plane of~e paper. 

.' X X p X X X 

X X X , 
XB X X X X 

X X X X 

Fig. 8.235 

A capacitor of capacity C = \0 IlF is connected as shown in 
Fig. 8.233, then 
a. qA, = + 80 j.l.C and qB = - 80 IlC 
b. qA, = - 80 j..IC and qs = + 80 IlC 
c.ql,=O=qg 
d. charge stored in the capacitor increases ex.ponentially with 

time 
93. A long conducting wire AH is moved over a conaucting 

Iriangular wire CDE with a constant velocity v in a uniform 

magnetic field B directed into the plane of the paper. 
Resistance per unit length of each wire is r . Then 

D 
®B' 

A H 

, 

C E 

Fig.8.2
j
36 

a. a constant clockwise induced current will flow in the 
closed loop 

b. an increasing anticlockwise induced current will flow in 
the closed loop 

c. a decreasing anticlcckwise induced current will flow in 
the closed loop 

d. a constant anticlockwise induced current will flow in the 
closed loop 

94. A horizontal wire is free to slide on the vertical rails of a 
conducting frame as shown in Fig. 8.237 . The wire has a 
mass m and length I an4 the resistance of the circuit is R. 
If a uniform magnetic field B is d irected perpendicular to 
the frame , the tenninal speed of the wire as it falls under the 
force of gravity is 

CODIL 
A E. 

uI 
X X X X B 

X X X X 

X X X X 

Fig. 8.237 
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a 
mgR 

h 
-mgl 

BI BR 

8 2
/
2 

d 
mgR 

" mgR 8
2

/
2 

95. A square coil ACDE with its plane vert ical is released from 

rest in a horizontal uniform magnetic fie ld jj of length 2 L 

(Fig. 8.238). The acceleration of the coil is 

t::::J D 

IL 
A E ~ 

X X X B 

x X X 

X X X 

Fig. 8.238 

a. less than g for all the time till the loop crosses the magnetic 
field completely 

b. less than g when it enters the field and greater than g 
when it comes out of the field 

c. g all the time 

d. less than g when it enters and comes out of the field but 
equal to g when it is within the field 

96. A conducting wire frame is placed in a magnetic field which 
is directed into the plane of the paper (Fig. 8.239). The 
magnetic field is increasing at a constant rate. The directions 
of induced currents in wires AB and CD are 

x X X 
A 

X 

X X 
X Ox X 

X X X 

a. BlcA and DIe C 
b.AtoBandCtoD 
c. A·to Band D to C 

d.BtoAandCtoD 

Fig. 8.239 

X 

X 

X 

97. An equi lateral triangular loopADC having some resistance 
is pulled with a constant velocity v out of a uniform 
magnetic field directed into the paper (Fig. 8.240). At time I = 
0, side DC of the loop is at edge of the magnetic field. 

X 

X 

X 

X 

X 

X X 
X X 

X X 

,~~",--''--"l X 
X X 

If ig.8.240 

The induced curren! (i) versl.Js time (/) graph will be as 

Faraday's Law and Lenis law 8.59 

Fig. 8.241 

98. In the circuit shown in Fig. 8.242, switchS is closed at time t 
= O. The charge that passes through the battery in one time 
constant is 

L R 

Fig. 8.242 

a eR2E h E(L] EL d ~ 
L R c. eR2 ER 

99. Fig. 8.243 shows a square loop of side 0 .5 ill and resistance 
Ion. The magnetic field has a magnitude B = 1.0 T. The 
work done in pulling the loop out of the field slowly and 
uniformly in 2.0s is 

X X X X 

X X X xf--- " 
X X X X 

Fig. 8.243 

a 3,125xlO-J ] h 6.2Sx 10-4 J 
c. 1.25 X 10-2 J d. 5.0 xiO-4 J 

100. A copper rod of mass In slides under gravity on two smooth 
parallel rails I distance apar ted set at an angle 0 to the 
horizontal (Fig. 8.244). At the bottom, the rails are joined by 
a resistance R. There is a uniform magnetic field 
perpendicular to the plane of the rails. The terminal vclocity 
of the rod is 

» 
~ 

Fig. 8.244 

101. A rectangular loop of wire with dimensions shown 
in Fig. 8.245 is coplanar with II long wire carrying current 1. 
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8.60 Physics for IIT.JEE: Electricity and Magnetism 

The distance between the wire and the left s ide of the loop is 
r. The loop is pulled to the right as indicated. What are the 
di rec tions of the induced current in the loop and the 
magnetic forces on the left and the right sides of the loop 
when the loop is pulled? 

,. 

{} 
, 

Fig. 8.245 

lnducOO Force on Force on 
current left s ide right side 

a. Counterclockwise To the left To the left 
h. Counterclockwis'e To the right To the left 
c. Clockwise To the right To the left 
d. Clockwise To the left To the right 

102. A bar magnet was pulled away from a hollow coi l A as 
shown in Fig. 8.246. As the south pole came out ofihe coil . 
the bar magnet next to hol low coil B experienced a magnetic 
force 

\..\-.,-\,-,-Jf-,-.!B 
Fig. 8.246 

a. to the right h to the left 
c. upwards d . equal 10 zero 

103. The fou r wire loops shown in Fig. 8.247 have vertical edge 
lengths of either L, 2L or 3L. They wil l move with the same 

speed into n region of uniform magnetic field iJ directed 
out of the page. Rank them according to the maximum 
magnitude of the induced e.m.f. greatest to least. 

• 

D DO D 
2 l 4 

• • • • • ••••••• • ••••••• 
• ••••• '. • B'tfi' 
• • • • • • •• \:I 
• ••••••• • ••••••• • ••••••• • • • • 

F ig. 8.247 

a. 1 and 2 tie, then 3 and 4 tie 
b. 3 and 4 tie, then 1 and 2 lie 
c. 4, 2, 3, 1 
d. 4 then, 2 and 3 tie and then I 

• 

104. A rod lies across frictionless rails in a uniform magnetic field 

jj as shown in Fig. 8.248. The rod moves to the right with 
speed v. In order for the indu.ced e.m.f. in the circui t to be 
zero, the magnitude of the rt:Jagnetic fi eld should 

Fig. 8.248 

a. not change 
b. increase linearly with time 
c. decrease linearly with ti me 
d. decrea.~e nonlinearly with ti me 

105. In the given circuit diagra1n (Fig. 8.249), the key K is switched 
on at t = O. The ratio of the current i through the cell at t = 0 
to that at t = <><> will be 

a. 3: I 

Fig. 8.249 

h l: 3 c. 1:2 d 2: 1 
106. The current through the coil in Fig. 8.250(a) varies as shown 

in Fig. 8.25Q(b). Which graph in best shows the ammeter A 
reading as a function of time? 

" 

" .. 

/ ! 

,. 

, , , , , , 
(b) 

Fig. 10.250 

b . 

'Ll±i! : : : 
d. , , 

, " 

Fig. 8.251 

, 
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107. The potential difference Vand c urrent I flowing through the 
AC circuit is given by V=5 cos(wt- !d6) volt and I = IO sin t 
ampere. The average power dissipated in the circuit is 
a. W h.12.5W 
c.25 W d. 50W 

108. A closed loop of cross-sectional area 10-2 m2 which has 
inductance L = 10 mH and negligible resistance is placed 
in a t ime-varying magnetic field. Fig. 8.252 shows the 
variation of B with time for the interval 4 s. The fi eld is 
perpendicular to the plane of the loop (given at 1 = 0, B = O. 
i = 0). The value of Ihe maximum currenl induced in Ihe' 
loop is 

a. 0.1 mA 

B(T) 

0.1 

1 ($) 

Fig. 8.252 

hlOmA 
c. 100 rnA d. Data insufficient 

109. In Fig. 8.253, the key K is closed at (= O. After a long time, the 
potential difference between A and 8 is zero, the value of R 
will be [r l = r2 = 1 n, EI = 3 V and E2 = 7 V, C = 2 IlF, 
L = 4 m Ho where,. and '2 are the internal resistances o f 
cells E. and~, respectively]. 

a. ~ n 
3 
2 

c. - n 
3 

L 

h ~n 
9 

d.40 

4R 

L-+A~:'~ ________ ~ 
___ __ _ __ __ • K . 

E I - 3V/'I " j n 
f.' jg.8.253 

110. An electron moves on a siraighi linc path YY ' as shown in 
Fig. 8.254. A coil is kept on the right such that YY' is in the 
plane of the coil. At the instant when the electron gets 
closest to the coil (neglect self-induction of the coi l) 

y' 

• 
y 

Fig. 8.254 

Faraday's law and Lents Law 8.61 

a. the curren! in the coilllows clockwise 
b. the cUlTent in the eoilllows anticlockwise 
c. the cUlTent in the coil is zero 
d. the cUlTent in the coil does not change the direction as 

the electron crosses point 0 
111. A so lenoid of inductance L and resistance, is connected in 

parallel to a resistance R. A battery of e. m.f. E and of 
negligible internal resistance, is connected across this 
parallel combination. At I = 0 switch s is opened. 
a. Current in Ihe inductor just aCter opening of the switch is 

E(r + R) 
= ,R 

b. Total energy dissipated in the solenoid and the resistor 

I . r . r h . h' I, E2(R+r)2 
ongtlmea teropemngo t eswltc IS - ... 2 2 

2 , R 
c. The amount of heat genel1lted in the solenoid due to th~ 

. E2L 
opening of the switch is 2r(r + R) 

d. The amoun~ of heat ge:nerated in the solenoid due to the 

\ E2L 
opening of th~ switch is 2R(r + R) 

112. The cell in the circuit shown in Fig. 8.255 is ideal. Thecoil has 
an inductanceof4 mHand aresistanceof2 mn. The switch is 
closed at t = O. The amount of energy stored in the inductor 
all=2 s is (take e = 3) 

4 
a - J 

3 

c. ~XIO-J J 
3 

Fig. 8.255 

L - 4 mH 
R-2mO 

b. ~X103 ] 

d.2 x 101 J 

113. The switch S shown in Fig. 8.256 is closed Cor t < 0 and is 
opened at t = O. When currents through LI and 0. are first 
equal, their common value is 

L, R 

E 

Fig. 8.256 

E b E(£,+I-,) a 
R RI, 

~ 
EI, d !' (1, +£,) 

R(I-,+£,) R L, 
114. In Fig. 8.257, the mutual inductanccofacoil and a very long 

straight wire is M, the coi l has resistance R and the self-
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8.62 Physics for IIT-JEE: Electricity and Magnetism 

inductance L. There is an infinite wire which lies in the same 
plane as that of the coil. The current in the wite varies 
according to the law j = ai, where a is a constant and I is the 
time, the time dependence of current in the coil is 

a 
M 

aR 

.'ig, 8.257 

b. MaRe- RilL 

c. M e-tRjL d. Ma(l_e-tR/L) 
R R ' 

115. In Fig. 8.258. there are two sliders and they can slide on two 
frictionless parallel wires in uniform magnetic field B, which 
is present everywhere. The mass of each sl ider is m. 
resistance R and initially these are at rest. Now, if one slider 
is given a velocity Vo. the velocity of other slider after 
considerably long time will be (neglcct the self-induction) 

> : >:-:;. 
X ,-.. x 

Fig. 8.258 

a.Vo h Vo 
4 2 

c.vo d.D 
116. In Fig. 8.259, there exists a uniform magnetic field B into the 

plane of paper. Wire CD is in the shape of an arc and is fixed. 
OA and OB are the wires rotating with angular velocity was 
lihown in Fig. 8.257 in the same plane as that of the are about 
point O. Ifat some instant OA = OB = I and each wire makes 
angle 8= 300 with y-ax is, then the current through resistance 
R is (wires OA and OB have no resistance) 

D 

aO 

Fig. 8.259 

80J1' 
b 

R 
IJ0JI2 B(jJ{2 

e. d 
2R 4R 

c 

117. [lithe c ircuit shown in Fig. 8.260, the sw itch S is shiftcd to 
position 2 from position I all = 0, having been in position 1 

for a long time. The current in the circuit just after shifting of 
switch will be (battery and both the inductors arc ideal) 

4£ .. --
5R 

J S o aSlo 0 

R 

Fig. 8.260 

5 £ 
h 

4R 
5 £ £ e. d 
9R R 

ll8. A cylindrical region of uniform magnetic fie ld exists 
perpendicular to the plane of paper which is increasing at a 

constant rate dB = a. Thediameterof thecyl indrical region 
<I, 

is I. A non-conducting rigid rod of length 1 having two 
charged particles is kept fixed on the diameter of cylindrical 
region w.r.t. inertial frame. If two charged particles having 
charges B each is kept fixed at the ends of the non
conducting rod. The net force on anyone of the charge q is 

x X X 

X X X X X 
.+------ -+. 

x X X x ' x 
X X X 

Fig. 8.261 

qla b qla a-
4 2 

c.O d. qi a 
119. In Fig. 8.262. thcre is a conducting ring having resistance 

R placed in the plane of paper in a uniform magnetic field 
Brr If the ring is rotating about in the plane of p.1per about 
an axis p.:1ssi ng through point 0 and perpendicular to the 
plane of paper wi th constant angular speed win clockwise 
direction, then 

X X 

X C BX 

X X 

Fig. 8.262 

a. point A will be at highcr potential than 0 
ll. thc potcntial of point lJ and C will be same 
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c. the current in the ring will be zero 

. . . 2BoO)r2 

d the current In the tlng wIll be R 

120. An ideal coil of 20 H is joined in series with a resistance 
100. and an ideal battery of 10 V. After 2 s the current flowing 
(in A) in the circuit will be 

121. The capacitance in an oscillatory LC circuit is increased by 
I %. The change in inductance requited to restore its 
frequency of oscillation is to 
a decrease it by 0.5% b. increase it by 1% 
c. decrease it by 1% d decrease it by 2% 

122. A square conducting loop of resistance I 0. and side 10 cm 
is moved with a constant velocity partly inside a magnetic 
field of 2 wb/m2, directed into the paper as shown. The loop 
is connected to network of five resistors each of 4 0. 
resistance. If a steady current of 0.1 A flows in the loop, then 
the speed of the loop is 
a. 0.5 mls b. 2 mls 
c. 2 cmls d. 2.5 mls 

X X X 
X X 
X X 
X X 
X X 
X X 
X X 

I" 
X 
X 
X 
X 

X X X 

Fig. 8.263 

~ ~ 
~ 

123. A square conducting loop of side L is situated in gravity-free 
space. A small conducting circular loop of radius r (r« L) 
is placed at the centre of the square loop, with its plane 
perpendicular to the plane of the square loop. The mutual 
inductance of the two coils is 

2.J2/JoJ , 
a. L r 

c. O. 

b .J2/JoJo , 
• L r 

d none of these 
124. A vertical ring of radius r and resistance R slips vertically 

between two friction less and resistanceless vertical rails 
(Fig. 8.264). The rails are joined at the top. There is a unifonn 
magnetic field B perpendicular to plane of the ring and the 
rails. When the speed of the ring is v, the current in the 
section PQ is 

Pr-----,Q 

r 

, 

Fig. 8.264 

Faraday's Law and Lenz's Law 8.153 

~O 

c.48rvlR 
b. 28rviR 
d. 88rviR 

125. In the circuit shown in Fig. 8.265 the switch S was initially at 
position I. After sufficiently long time, the switch S was 
thrown from position I to position 2. What will be the 
voltage drop across the resistor after long time shifting 
switch from 1 to 21 

C 
R 

Ii 

L 

Fig. 8.265 

a 0 b. E 

s 

E 
c. - LC d none of these 

R 
126. A rod PQ of mass m and length I can slide without friction 

on two vertical conducting semi-infinite rails. It is given a 
velocity Vo downwards, so that it continues to move 
downward with the same speed Vo on its own at any later 
instant or time. Assuming 8 to be constant everywhere, the 
valueofVo is 

R 

@n 
p Q 

@B 

@n g~ 
@n 

Fig. 8.266 

mgR h mgR a--
282L2 8 2£2 

c. 0 d any value 
127. In the circuit of Fig. 8.267, (1) and (2) are ammeters. Just after 

key K is pressed to complete the circuit, the reading is 

c R, 

L R, 
hmr-Wl/VIr-{:2 

K 

Fig. 8.267 

a. maximum in both ! and 2 
h. zero in both 1 and 2 
e. zero in I, minimum in 2 
d. maximum in I, zero in 2 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



- . _ .. -- -_ .... __ . '. 

8.64 Physics for IlT.JEE: Electricity and Magnetism 

128. In the space shown a non-uniform magnetic field 
B=Bo(l+x)k tesla is present. A closed loop of small 
resistance. placed in the xy plane is given velocity '110' The 
force due to magnetic field on the tbop is 

XyXXXXX 

: X Q4:'~OX 
XXXXXX 
X X X X Xx 

Fig. 8.268 

a. zero h Along +x direction 
c. along -x direction d along +y direction 

129. There is a uniform magnetic field B in a circular region of 
radius R as shown in Fig. 8,269 whose magnitude changes at 
the rate of dBldt. The e.m.f. induced across the ends of a 
circular concentric conducting arc of radius R] having an 
angle Bas shown (LOAO' = 8) is 

a. .!...Rz dB 
2.n- ] dt 

c. "!"R'l dB 
2.n- dt 

o 

0' 

Fig. 8.269 

h !!..R'ldB 
2 dt 

d none of these 

130. The power factor of the circuit in Fig. 8.270 is 1/../2. The 
. capacitance of the circuit is equal to 

2 ! in (lOOt) 

C;:H~J 
000 c 

Fig. 8.270 

.. 400 J.IF h 300 J.IF c. 500 J.IF d 200 J.IF 
131. Power factor Qfthe-circuit given in Fig. 8.271 will be 

xc .. 40Q 

;goH~ r---Ix,~ ~ 
~ ___ -ilr~J 

c 
Fig. 8.271 

a. 0.2 b 0.4 c.O.8 d 0.6 
132. A gold rod of length t is accelerated in the horizontal 

direction with an acceleration aQ. The rod is held between 
two perfectly insulating clamps. Calculate the electric field 
s~t up in the rod. Take the mass of electron as m. 

E 
mao a. =-, b.E=maot 

c. zero d none of these 
133. An electron moves on a straight line path yy' as shown. A 

coil is kept on right hand side of the path. DO' is 
perpen~icular to YY'. At this instant. 

,, ' yt 
" ) ' ... ... . . ~., " . ..... 

/ 

y 

. Fig. 8.272 

a. the current in the coil flows clockwise 
b. the current in the xoiI flows anticlockwise . 
c. the current in the "t:oil is zero 
d. the current in the coil does not change direction as the 
• electron crosses point 0 

134. Two long solenoids having their radii R I and Rz and number ' 
of turns N] and Nz carry currents i] and iz• respectively, If 

the ratio of R}IRz = 1... N]INz = ~ and i1liz = -21 
the ratio of 

4 I . 
their self-inductances L/Lz wi1\ be (ignore mutual 
inductance) 

a. 1:2 b 2:1 c.I:4 d 1:1 
135. At any time t, 0< t<oo (exc\uding the cases t~O and t ~oo). 

the equivalent-resistance between A and B is 
a.R[+Rz +R3 b.R[+R2 
c. R[ + R3 d none of these 

136. In Fig. 8.273, a square loop PQRS of side a and resistance r 
is placed near an infinitely long wire carrying a constant 
current I. The sides PQ and RS are parallel to the wire, The 
wire and the loop are in the same plane, The loop is rotated 
by 1800 about an axis parallel to the long wire and passing 
through the mid-points of the sides QR and PS. The total 
amount of charge which passes through any point of the 
loop during rotation is 

I 
I 

i Qrni R1 
t i t 
: P I S 
[.+-a--+- I 
I 
I ~a----'" 

Fig. 8.273 
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".1 " I 1I_la1 
a. _~_aln2 h ~ln2 c. !'"U _ _ 

2ftr trr 2nr 
d. Cannot be found because time of rotation is not given, 

137. A wooden stick of ICl'Igth 3/ is rotated about an end with 
constant angular velocity aJ in a uniform magnetic field B 
perpendicular to the plane of motion. If the upper one-third 
of its length is conted with copper, the potcmial difference 
across the whole length ·of the stick is 

: :Tr~: ro: 
X X 1t J: x~~!tP:l 
X x l x X X 

X xix . x X 

X X X X X 

Fig. 8.274 

9Bme1 
a.-

2 

5BaJ/ 1 Bml 2 
,. - 2- d. 2 

138. PQ is an infinite current-carrying conductor. AS and CD are 
smooth conducting rods on which a conductor EF moves 
with constant velocity V as shown. The force needed to . 
maintain constant speed of EF is 

R 
P A 

I 
E F 

V 

, 
Q b 

D 
B 

Fig. 8.275 

.. _I [polV In(I:)]" h [/io IV In (1:)]' _I 
VR 2" a 2/r a VR 

c. [p;: In(~)r; d. *[Pi: In UUT 
139. Loop A of radius r « R moves towards loop B with a 

constant velocity V in such a way that their planes are 
always parallel. What is the distance between the two loops 
(x) when the indu~ e,m.f. in loop A is maximum 

B 

, R 

Fig. 8.276 

., 

Faradly's Law and Lints Law 8.65 
'. 

a.R 
R ' .' 

h Ji 

d. R(t-i) 
140. Rate of increment of energy in an inductor with time in 

series LR circuit getting charge with a battery of e.mJ, E is 
best' represented by (inductor has initially zero current) 

dU dU 
d, " ,- ,-

•• b • 

dU L " " . 
,- ,-
,. d. 

Fig. 8.277 

141. A wire of fixed length is wound on a solenoid of length t and 
radius r. Its self-inductance is found to be L. Now. if the same 

wi~iswoundonasolenoidoflength ~ and radius ~,then 
the self-inductance will be 

a.2L h L c. 4L d SL 
142. When the current in a certain inductor coil is 5.0 A and is 

decreasing lit the rate af 10.0 As·1, the potential difference is 
60 V. The self-inductance af the coil is 
a.2H b.4H c.8H d.12H 

143. Fig. 8.278 shows three regions of magnetic field each of area 
A, and in each region magnitude of magnetic field decreases 

at a,constant rate Ct. If E is the induced electric field, then 

value of the line integral 4> E· d f along the given loop is 

equal to 

Fig. 8.278 

a. aA h -aA c.3CtA d-3aA 
144. In an ideal transformer, the voltage and the current fn the 

primary are 200 V and 2 A, respectively. If the voltage in the 
secondary is 2000 V, then the value of current in the 
secondary will be 
a.O.2A h.2A c. lOA d.20A 

145. A superconducting loop of radius R has self-inductance L. 
A uniform and constant magnetic field B is applied perpen
dicular to the plane of die loop. Initially current in this loop 
·is zero. The loop is rotated by 180°. The current in the loop 
afler rotation is equal to 
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8.ee Physics for IIT.JEE: Electricity and Magnetism 

aD 

2B~R2 BaR2 
c. ~~ d. 

L 2L 
146. A semicircular wire of mdius R is rotated with constant 

angular velocity about an axis passing through one end and 
perpendicular to the plane of the wire. There is a uniform 
magnetic field of strength B. The induced e.m.f. betwecn 
the ends is 

Fig. 8.279 

b. 2BwR2 
c. is variable d none of these 

147. The frequency of oscillation of currcnt in the inductance is 

I a--
3JIE 

I 
c. JIE 

L 2L 
.... ..000 

C 

'-----I F2C
c-....J 

Fig. 8.280 

IJ. I 

6"JIE 
I 

d. = 
2""LC 

148. A rectangular loop of sides a and b is plnced in xy plane. A 
very long wire is nlso placcd in xy plane such that side of 
length a of the loop is parallel to the wire. The distance 
bctween the wirc nnd the nearest edge of the loop is d. The 
mutual inductance of the system is proportional to 
a. a b. b 
c. lid d. current in wire 

149. Radius of a circulnr ring is changing with time and the coil 
is placed in a unifonn magnetic field perpendicular to its plane. 
The variation of r with time t is shown in Fig. 8.281 . Then the 
inducede.m.f. e with time will be best represented by 

Fig. 8.281 , 

150. Switch S is closed for nlong time III I = O. Ifit is opened, then 

R, 

R 

Ylf--~/~ 
, s 

Fig. 8.282 

IL total hcnt produced in resistor Rafter opcning the switch 

. 1 LV 
IS-~ 

2 R' 
b. total heat produced in resistor R I after opening thc switch 

. I LV' ( R, ) 
IS '27 R ; +N2 

e. hent produced in resistor RI aftcr opening the switch is 

R2LV2 

2(R1+R2 )R2 

d. no heat will be produced in RI 
151. A rod of length e with uniformly distributed charge Q is 

rotatcd about one end with a constant frequency f. Its 
magnetic moment is 

n. nfQ€ 2 

2!lfQt' 
c. 3 

b. njQ t
2 

3 

d. 2nfQ€ 2 

152. Two identical cycle wheels (geometrically) have different 
number of spokes connected from center to rim. Onc is 
having 20 spokes and thc othcr hnving only 10 (the rim and 
the spokes arc resistancelcss). One resistance of value R is 
connectcd between centre lind rim. The current in R will be 
a. double in the first wheel than in the second wheel 
b. four times in the first wheel than in the second wheel 
c. will be double in the second wheel than that of thc first 

wheel 
d. will be equal in both these wheels 

153. When magnetic flux through a coil is changed, the variation 
of induced current in the coil with time is as shown in the 
graph. If resistance of the coil is 10 n, then the total change 
in flux of coil will be 

2 (A) 

4 

-t-----'):-;-.. I (s) 
0.1 

Fig. 8.283 
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.. 4 h 8 e. 2 d 6 
154. A uniform magnetic field ex ists in a region given by 

8=31 +4} +Sk . A rod of length 5 m is moved along y.axis 
with a constant speed of I mls. Then the '~Juccd c.mJ. in 
the rod will be 

a. 0 b. 25V c. 20 V d 15V 
ISS. In a LR growth circuit, inductance and resistance used arc I 

H and 20 n, respectively. If at I = 50 ms, the current in the 
circuit is 3.165 A, then applied direct current e.mJ. is 
a,20DV b. 100 V c. 50 V 
d. Data is insufficient to find OUi the value. 

156. A square loop of area 2.5x 10-3 m2 and having 100 turns 
with a total resistance of 100 n is moved OUi of a uniform 
magnetic field o(OAO T in I s with a constant speed. Then 
work done, in pulling the loop, is 

x X X 

X X 

X X 

X-+
X 

X X X 

Fig. 8.284 

a. 0 nl rnJ c.l~ d O.lmf 
157. A and B are two metall ic rings placed aI opposite sides of an 

infinitely long straight conducting wire as shown. If current 
in the wire is slowly decreased, the direction of the induced 
current will be 

Fig. 8.285 

a. clockwise inA and anticlockwise in B 
b. anticlockwise in A and clockwise in B 
c. clockwise in both A and B 
d. anticlockwise in both A and B 

158. A vertical conducting ring of radius R falls vertical ly with a 
speed V in a horizontal uniform magnetic field B which is 
perpendicular to the plane of the ring. 

e 

'(9_L_-B ,0 , 
D 

.'ig. 8.2S6 

a. A and B are at Ihe same potcntial 
b. C and D are at the same potential 
c. current nows in clockwise direction 
d current flows in anticlockwise direction 

faraday's law alld Lents taw 8 .... 

159. Two identical conducting rings A and B of radius R are'in 
pure rolling over two horizontal conducting planes with 
same speed (of centre of mass) v but in opposite direction. A 
constant magnetic field B is present pointing into the plane 
of paper. Then the potential difference between the highest 
points of the two rings is 

FIg. 8.287 

.. 0 h 2Bvr 
c. 4Bvr d none of these 

160. An inductor L and a res istor R ureconnected in series with a 
direct current source of e.m.f. £. The maximum rate at 
which energy is stored in the magnetic field is 

£2 £2 
a.- b. -

4R R 
4£2 2£2 

e. -- d. 
R R 

161. In the circuit shown, switch S is connected 10 position 2 for 
a long time and then joined to position I. The lotal heat 
produced in resistance RI is 

LE' 
a. 2Ri 

LE' 
e. 

R, 

L 

~' 
E R, 

Fig. 8.288 

L£' 
h 2R2 , 

LE2(RI +R2Y 
d. 2R2R2 , , 

162. In the circuit shown in Fig. 8.289, the switch S was initially at 
position I. Aftev sufficiently long time, the switch S was 
thrown from position I to posi tion 2. The voltage drop 
across the resistor at that instant is 

a. zero 

E 
c. ~LC 

R 

" C 
R s 

"1" 

'-- -I ,>-- - -----' 

Fig. 8.289 

hE 

d nonc of these 
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163. A uniform magnetic field of induction B is confined to 
cylindrical region of radius R. The magnetic field is 

increasing at a constant rate of dB (1's- '). An election of 
dl 

charge q, placed at the point P on the periphery of the field, 
experiences an acceleration 

x X X 

X X X X X 

X X • X X 

X X X X X 

X X X 

p 

Fig. 8.290 

I eR dB 
a. - - - towards left 

2 m dt 

leRdB . n - -- towards nght 
2 m dt 

eR dB 
c. - - towards left d. zero 

m dr 
"; 164. AB is a res"istanceless conducting rod which forms a 

diameter of a conducting ring of radius r rotating in a 
uniform magnetic fi eld B as shown. The resistors.R 1 and Rl 
do not rotate. Then current through the resistor R, is 

BaJr'l 

2R, 

X 

X 

X 
A 
X 

X 

X 

X X X X 

R, 

X 

X X 
R, 

X 

X X X X 

Fig. 8.291 

BaJr2 Bwr2 
c. - - (R, +R,) d. ~:=-,--, 

2R, R2 2(Rz +R2) 
165. A8 and CD are fixed conducting smooth rails placed in a 

vertical plane and joined by a constant current source at its 
upper end. PQ is a conducting rod which is free to slide on 
the rails. A horizontal uniform magnetic fie ld exists in space 
as shown. If the rod PQ is released form rest then. 

• • • • • • 

• • • 4-@ • • • • 
A C 

• • • • 

• • • • • • 

e;. • • • • • • 
p 

• • • • • • • • Q. • 

• • B • • D • 
Fig. 8.292 

a. the rod PQ will movedownward with constant acceleration 
h the rod PQ will move upward with constant acceleration 
c. the rod will move downward with decreasing acceleration 

and finally acquire a constant velocity 
d either aorb \ . 

166. A conducting ring ofra1\ius r with a conducting spoke is in 
pure rolling on a horizontal surface in a region having a 
uniform magnetic field 8 as shown, n being the veloc.ity of 
the centre of the ring. Then the potential difference Vo - V II is 

• • • • 
• • .~ • 
• • • 

• • D 
• • • 

• • • 
• • A • • 

Fig: 8.293 

Bvr 38vr - 3Bvr d B" 
a n-- ~ 

2 2 2 2 
167. A metallic ring of mass m and radi':1S r with a unifOlTIl metallic 

spoke of same mass m and lengL'l r is rotated about its ax is 
with angular velocity win a perpendicular uniform magnetic 
field B as shown. The central end of the spokes is connected 
to the rim of the wheel through a resistor R as shown. The 
resistor docs not rotate, its one end is always at the center of 
the ring and the other end is always in contact with the ring. 
A force F as shown is needed to maintain constant angular 
velocity of the wheel. F is equal to (the ring and the spoke has 
zero resistance) 

X X X X X 

x ~ X 
F 

: f-'Vx~X~R\fy~:c=~b~X;:::~: 
x X X X X 

F 

X ~ X' X X 

Fig. 8.294 

8 2mrl 
d--

4R 
inductor of 

inductance L and a source of e.m.f. E are connected in series. 
If the inductance of the coi l is abruptly decreased to U4 (by 
removing its magnetic core), the new current immediately 
after this moment is (before decreasing the inductance the 
circuit is in steady state) 

h EIR c.4
E d .!.... 
R 4R 

169. The current generator /8' shown in Fig. 8.295, sends ~ 
constant current j through the circuit. The wire ab has f 

length t and mass m and can slide on the smooth, horizonta: 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



rails connected to igo The entire system lies in a vertical 
magnetic field B. The velocity of the wire as a function of 
time is 

x x 

[ : x 

~~ X X 

X X b X x 
Fig. 8.295 

a. UBt h UBt c. 2ieBr d UBf 
m 2m m 3m 

170. A vertical ring of radius r and resistance R falls vertically. It 
is in contact with two vertical rails which are joined at the 
cop. The rails are without friction and resistance. There is a 
horizontal unifonn magnetic field of magnitude B 
perpendicular to the plane of the ring and the rails. When 
the speed of the ring is v, the current in the section PQ is 

171. Given 

P x x Q -
x x 

'.... / 
x x 

Fig, 8.296 

4B", h 2Brv 
R 

LJ=lmH,RJ=IQ 
~=2mH,R2=2Q 

C.--
R 

vt::J 
(i) 

L 

v 

R, 

(iii) 

Fig. 8.297 

Neglecting mutual inductance, the time constants (in ms) for 
the circuits (i), (ii) and (iii) are 

9 9 9 
8.1,1'2 h'4,I,1 c.I,I,] dl,'4,1 

172. A horizontal ring of radius r = ~ m is kept in a vertical 
2 

constant magnetic field I T. The ring is collapsed from 
maximum area to zero area in ] s. Then the e.m.f. induced in 
the ring is 

Faraday's Law and Lenis Law '\.651 

a. 1 V h (Jr/4)V c. (trf2) V d trY 
173. In the circuit shown, the key (K) is closed at t= 0, the current 

through the key at the instant t = 10-3 In 2 s is 

&2A 

40 50 

Et'3 
6n C - O.l mF 

Fig. 8.298 

h 3.5A c. 2.5 A dO 
174. A rod of length f rotates in the form ofa conical pendulum 

with an angular velocity (J) about its axis as shown in 
Fig. 8.299. The rod makes an angle 8 with the axis. The 
magnitude of the motional c.m.f. developed across the two 
ends of the rod is 

>t ,~ B 

I/' ! 
I 
I 
I 

Fig. 8.299 

h .!:. B(J)f2tan28 
2 

c. ~ B0J!.2 cos2 8 d . .!:. Bld2 sin2 8 
2 2 

175. In the circuit shown, switch k2 is open and switch k] is 
closed at t = O. At time t = to' switch k] is opened and switch 
k2 is simultaneously closed. The variation of inductor 
current with time is 

". 
L 

'. 

'. 

.. 

<. 

'. 
b. 

§. 
L 

'. 
d. 

Fig. 8.300 
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8.71" Physics for IlT·JEE: Electricity and Magnetism 

176. In an LC circuit shown in Fig. 8.301 , C = I F, L = 4 H. 
At time t = 0 charge in the capacitor is 4 C and it is decreasing 

at a rate of J5 Cs- I. Choose the correct statement. 

q 

c 

Fig. 8.301 

a. Maximum charge in the capacitor can be 6 C 
h Mllximum charge in the capacitor can be 8 C 
c. Charge in the capacitor will be maximum after time 

3 sin-I (2/3) s 
d None of these 

177. An aluminium ring hangs vertically from a thread with its 
axis pointing east·west. A coil is fixed near to the ring and 
coaxial with it. 

Fig. 8.302 

What is the initial motion of the aluminium ring when the 
current in the coil is switched on? 
a. moves towards E h. moves towards W 
c. moves towards N d. moves towards S 

178. The magnetic flux density B is changing in magnitude at a 
constant rate dBldt. A given mass m of copper, drawn into a 
wire of radius a and formed into a circular loop of radius r is 
placed perpendicular to the fie ld B. The induced current in 
the loop is i. The resistivity of copper is r and density is d. 
The value of the induced current i is 

m dB m dB 
a --- h - ----

21l:pd dt 4JZ'a2 r dl 

m dB m dB 
c. --- d ---

4JZ'ad dt 41l:pd dl 

179. The magnetic field in a region is given by B = Eo (I + ~)k. 
A square loop of edge length d is placed with its edge along 
thex- andy-axes. The loop is moved with a constant velocity 

v == vi The e.m.f. induced in the loop is 

voBod 2 voBod 3 

a. --- b. --,-
a a 

c. voBod d. zero 
ISO. A coil carrying a steady current is short-circuited . The 

current in it decreases atimes in time 10 , The time constant 
of the circuit is 

a. r=tolna h 
I, 

<=--
I" a 

t t 
C. l' =....Q.. d <=-'-

a a-I 
181. A solenoid has 2000 turns wound over a length of 0.3 m. Its 

cross-sectional area is equal to 1.2 x 10-3 m2. Around its 
central cross section a coil of 300 turns is wound. If an initial 
current of 2 A flowing in the solenoid is reversed in 0.25 s, 
the e.m.f. induced in the coil is 
a. 0.6 mV b. 60 mY 
c. 48 mv d. 0.48 mV 

182. Two coils X and Yare linked such that e.m.f. Eis induced in 

Ywhen the current inX is changing at the rate 1(= ~).lfa 
current 10 is now made to flow through Y, the flux linked with 
X will be 

a. Eto1 
1,1 

b. 
E 

c. (El)/o d. (~}, 
183. A conductor AB of length i moves inxy plane with velocity 

V "" voel - )). A magnetic field Ii "" 80([ + J) exists in the 

region. The induced e.m.f. is 
a. zero b. 2 Boevo 

c. Boivo d -.fi Bolvo 
184. The time constant of an inductance coil is 2 x 10-3 s. When 

a 90 n resistance is joined in seires, the same constant 
become 0.5 x 10-3 s. The inductance and resistance of the 
coil are 
a. 30 mH; 30 W b. 60 mH; 30 W 
c.30mH;60W d.60mH;60W 

185. A line charge Aper unit length is pasted uniformly on to the 
rim of a wheel of mass m and radius R. The wheel has light 
non-conducting spokes and is free to rotate about a vertical 
axis as shown in Fig. 8.303. A uniform magnetic field extends 

over a radial region given by B = - Bo K (r ~ a; 
a < R) = 0 (otherwise). What is the angular velocity of the 
wheel when this field is suddenly switched off? 

z 

--- "----

Fig. 8.303 

_2B'JZ'a2r ' - BJZ'a2r ~ \ 
a k h k 

mR 3mR 

- BJZ'a2,.t ~ _ B'JZ'a2A A 

c. k d. k 
2mR 2mR 
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186. The current passing through the battery immediately after 
key (10 is closed [it is given that initially all the capacitors 
are uncharged (given that R = 6 nand C = 4I!F)] is 

R 

Fig. 8.304 

&IA h5A c.3A d2A 
187. A flexible wire loop in the shape ofa circle has a radius that 

grows linearly with time. There is a magnetic field 
perpendicular to the plane of the loop that has a magnitude 
inversely proportional to the distance from the centre of the 

loop,B (r) <>:: !. How does th~ e.m.f. Evary with time? , 
a. Eo:t2 hEocf 

c. E <>:: Ji d E is constant 
188. A conducting wire of length e and mass m is placed on two 

inclined rails as shown in Fig. 8.305. A current I is flowing in 
the wire in the direction shown. When no magnetic field is 
present in the region, the wire is just on the verge of sliding. 
When a vertically upward magnetic field is switched on, the 
wire starts moving up the incline. The distance traveled by 
the wire as a function of time f will be 

Rails 

[ 

e 

& ~ [IBl - 2g ]/' 
2 m 

t 
1 

Fig. 8.305 

I [IBl I . J' b. - -x- -2g5mB I 
2 m cosO 

c . .!.[/B'._2g sin 09]/2 
2 m 

d I [IBi cos 209 2 . 0]' - ---- gsm I 
2 m coso9 

Faraday's Law and Lenis Law 8.71 

189. A pure inductor L, a capacitor C and a resistance R urc 
connected across u buttery of c.m.f. E and internal resistuncc 
/" as shown in the figure. Thc switch S", is closed ut I = O. 
select the correct alternative(s). 

L 

R 

c 
1--.,-"-"'-, _ ,-"---j"~~.-------1 

· . : E I" : 

l.+-J~ ~ : So,. · , · , ,- --- --- ------- --, 
Fig. 8.306 

a. current through resistance R is zero ull the time 
b. current through resistance R is zero at I = 0 and t""'7 00 

c. maximum charge stored in the capacitor is CE 
d maximum energy stored in the inductor is equal to the 

maximum energy stored in the capacitor 
190. A simple LR circuit is connected to a battery at tiine t = O. 

The energy stored in the inductor reaches half its maximum 
value at time 

a. R [ ~ 1 Ll" .j2 -I b. ~l"[ ~-Il R .j2 

L [~l d. ~l"[ ~-Il c. -ln ~ 
R . 2 - 1 L .j2 

191. Three identical coils A, Band Ccarrying currents are placed 
coaxially with their planes parallel to one another. A and C 
carry currents as shown. B is kept fixed, while A and C both 
are moved towards B with the same speed. Initially, B is 
equally separated from A and C. The direction of the induced 
current in the coil B is 

A B 

Fig. 8.307 

c 

a. same as. that in coil A a same as that in coil B 
d. none of these c. zero 

192. The natural frequency of the Circuit shown in Fig. 8.308 is 

c c 
1 11--, 

I. t L 

Fig. 8.308 
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8.72 Phy,ics for IIT·JEE: Electricity ~nd Magnetism 

I I 
:1. fi:C I> 

.j2LC 

2 
d. nonc of thcse < . 

.JLc 
193. A conducting ring of radius r and resistance R rolls on a 

horizon tal surfacc with constant velocity v. The magnetic 
fi eld B is uniform and is normal to the plane of the loop. 
Choose the correct opt ion. 

8 X X xQ X X X 

X 
I' 

xi X ,. , s , 
X X x: X X 

0 

Fig. 8.309 

a The induced e.mJ. between 0 and Q is 2Brv. 

2Bvr 
h. An induced current {=-- flows in ~he eluckwise 

R 
direction. 

. 2Bvl'... 
c. An mduced curren! 1=-- nows III the anttelockw]se 

R 
direction. 

d. No current flows. 
194. The magnetic nux density B is changing in magnitude al a 

constant rate of dBldr. A given mass 11/ of copper, drawn into 
a wire of radius a and formed into a c ircular loop of radius r 
is placed perpendicu lar to the fi eld B. The induced current in 
the loop is i. The resistivity of t:oppcr is rflnd density is d. Then 

. nl ~ . 11/ ~ 
a 1=- -- - b. 1=-- --

41lpd dr 41lp2r dl 

. nl ~ . H' ~ 
c. /=--.- d /=---

41lad (II 21lpd dl 
195. Two resistors of 10 Q and 20 n and an ideal inductor of 

10 H are connected to a 2 Y battery as shown. The key K is 
inserted at time I = O. The initial (t = 0) and final (/ ~ 0<» 

currenlS through the battery are 

a ~A.~A 
IS 10 

2 I 
c· 15 A.I6 A 

10 It 

to (1 

K 

f-------' 
2V 

200 

Fig. 8.310 

b. ~A. ~A 
10 15 

(L 1~ A, 225 A 

196. In the circui t shown, A is joined to B for a long time, and then 
A is joined to C. The total heat produced in R is 

R 

2L 

E 2R 

Fig. 8.311 

LE' 
1>-

2R' 

A 

LE2 
<. --, 

4R 

c 

197. Two identical conductors P and Q are placed on two 
fric tionless rails Rand S in a uniform magnetic fie ld 
directed inlo the plane. If P is moved in the direction shown 
in Fig. 8.3 12 with a constant speed, then rod Q 

P Q 

x X X 

R 

X r X X 

S 

X X X 

Fig. 8.312 

a will be attracted towards P 
h. will be repelled away from P 
c. will remain stationary 
d. may be repelled away or altracted towards P 

198. In the circuit shown in Fig. 8.3 13, a conducting wire HE is 
moved with a constant speed v towards left. The complete 

circuit is placed in a uniform magnctic field jj perpendicular 
to the plane of the circuit inwards. The current in HKDEis 

X x x X 
/I 

A ,--cc--"j-...".----:---, K 
X X X X 

x X X X 

II I'~ c 
x X X X 

X X B L ____ + _X ___ X_ -' D 

X 

a. dockwbc 
c. alternating 

X 
L' 

X X 

Fig. 8.313 

b. anticlockwisc 
d. zero 

x 

X 

x 

X 

X 
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199. A stf<light wire of length L moves with constant velocity v 
(no rotation) through a uniform magnetic field 1.. as shown. 

1.. is a vector directed from a to b. The induced e.mJ. ;; is 
given by 

Fig. 8.314 

a;; = O a;;=B.(ii x 1..) 

c. ;;= L,.(Bxii) d. ;i= jj·(1..xv) 
200. A square metill loop of side 10 crn and resistance I n is 

moved with a constant velocity partly inside a magnetic 
field of 2 Wbrn-2 , directed into the paper, as shown in 
Fig. 8.315. This loop connected to a network of five resistors 
each of value 3 n. If a steady current of I mA flows in the 
loop, then the speed of the loop is 

x 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

x 

Fig. 8.315 

a O.5cms- 1 h I cms-1 

c. 2 cms-1 d. 4 cms-1 

201. A magnet is moving towards the coil along the axis and the 
e.m.f. induced in the coil is c. Ifthe'coil also starts moving 
towards the magnet with the same speed. the induced e.mJ. 
will be 

e 
a-

2 
he c 2e d 4e 

202. The magnetic fie ld in a region is given by B "" Bo 

(I +;,) k. A square loop of edge length d is placed with its 

edges along the x- and y-axes. The loop Is moved with a 

constant velocity v'" Vo 1. The e.m.f. induced in the loop is 

a. zero br voBr/1 

c. VoBod) d. VoBod
2 

(/2 {/ 

203. A conducting rod PQ oflcnglh t '" 2 m is moving at a speed 
of2 ms- 1 making an angle of 30° with its length. A uni form 
magnetic field B = 2 T exists in a direction perpendicular to 
the plane of motion. Then 

._- - '--
Faraday'5 Law and Lenz's Law 8.73 

@ 

@ @ 

p, 

@ @ 
Fig. 8.316 

a Vp - VQ =8 V b. Vr VQ =4V 

c. VQ -Vp =8V d.VQ - V,,=4V 
204. A conductor AB of length t moves in xy plane with velocity 

v = Vo (1 - J). A magnetic field iJ = Bo (1 + J) exists in the 

region. The induced e.m.f. IS 

a. -.fi BoloVo a. 2 Bot Vo 
c. Bo t Vo d. zero 

. Multiple Correct 
Answers Type Solillio/!s 01, page 8.128 

I. The uniform magnetic fie ld perpendicular to the plane of a 
conducting ring of radius a changes at the rate of a, then 
a.all the points on the ring are at the same potential 
b. the e.m.f. induced in the ring is 7ta2a 
c. electric field intcnsity E at any point on the ring is zcro 

d E = aa 
2 

2. In the given circuit, switch is closed at I = O. Choose the 
correct nnswcrs. 

R- Hl 

~ 500 rnH 

100 ~ F 6 v ~ JI2V 
3Q 

Hl S 

Fig. 8.317 

a CUlTCnt in thc inductor when the eircuil reaches the steady 
state is 4 A. 

b. The net change in flux in the inductor is 1.5 Who 
c. Thc time constant of the circuit after closiog S is 555 .55 S. 

d. The charge stored in the cHpacitor in steady state is 
1.2 mC. 

3. The magnetic flux ¢ linked with a conducting coil depends 
on time as ¢ = 41" + 6, where 11 is a positive constant. ·Thc 
induced e.m.r. in the coil is e. 
a. If 0 < 11 < I, e ~ 0 and lei dccrcases with time. 
b. If II = I, e is ' constant. 
c. If II > 1. lel increases with time. 
d rf" > 1.lel decreases with time. 
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8.14 Physics for I1T·JEE: Electricity and Magnetism 

4. A circular loop of radius r , having N turns of a wire. is placed 
in a uniform and constant magnetic field B. The nonnal oftne 
loop makes an angle 8 with the magnetic field. Its nonnal 
rotates with an angular veloci ty (1) such that the angle 8 is 
constant. Choose the correct statement from the following. 

. . NBwr2 
a. e.mJ. In the loop IS --2- cos8 

h e.mJ.,induccd in the loop is zero 
Co e.m.f. must be induced as the Joopcrosses magnetic lines 
d e.m.f. must not be induced as nux does not change with 

time 
S. A uniform circular loop of radius a and resistance R is 

placed perpendicular to a uniform magnetic field B. One 
half of the loop is rotated about the diameter with angular 
velocity (1) as shown. Then. the current in the loop is 

. . 
.' 

.' 

. 
.' . 

.' 
.' 

.' , 

· · · :' 

Fig. 8.318 

a zero, when 8 is zero 
lla2 Bw . 

h 2R' when 81s zero 

c. zero. when B = JCI2 
lla2 B(1) 

d. ~ when B= 1112 

6. A conducting wire of length ( and mass m can slide without 
friction on two parallel rails and is connected 10 capacitance 
C. The whole system lies in a magnetic field B and a constant 
force F is applied to the rod. Then 

/ f----~F 

( 

"
Fig. 8.319 

a the rod moves with constant yelocity. 

b. the rod moves with an acceleration of F 
m+B2e2c 

c. there is constant charge on the capacitor. 
d. charge on the capacitor increases with time. 

7. A conducting rod of length ( is hinged at point O. Il is free 
te, rotate in a yertical plane. There exists a uniform magnetic 
field iJ in horizontal direction. The rod is released from (he 
position shown in Fig. 8.320. Potential difference between 
the two ends of the rod is proportional to 

, 
/----.. 

" "" 8 : 

""" ';:::::::::::::" ) 
Fig. 8.320 

' .•••• , ,I 
'. . , 

", ',..' " . 
" 

a. (312 h (2 c. sinB d (sinO)lfl 
8. A conducting rod of length ( is moved at constant velocity 

Vo on two parallel, conducting. smooth, fixed rails, which are 
placed in a uniform constant magnetic field B perpendicular 
to the plane of the rails as shown in Fig. 8.321. A resistance 
R is connected between the two ends oflhe rail. Then which 
of the following is/are correct? 

R 08 --~, Vo 

" . 
Fig. 8.321 

a. The thermal power dissipated in the resistor is equal to the 
rate of work done by an external person pulling the rod 

h If applied external force is doubled, then a part of the 
external power increases the velocity of the rod 

c. Lenz's law is not satisfied if the rod is accelerated by an 
external force 

d. If resistance R is doubled, then power required to maintain 
the constant velocity Vo becomes half 

9. In Fig. 8.322, R is a fixed conducting ring of negligible 
resistance and radius a. PQ is a uniform rod of resistance r. 
It is hinged at the centre of the ring and rolated about this 
point in clockwise direction with a unifonn angular velocity 
(1). There is a unifonn magnetic field of strength B pointing 
inward and r is a stationary resistance. Then 

0 8 

p -I---f.;~f----+-Q 

R 

Fig. 8.322 
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a. current through r is zero 

. 2B(J)a2 

b. current through r IS ---s,:-
c. direction of current in external resistance r is from centre 

to circumference 
d direction of current in external resistance r is from 

circumference to centre 
10. An infinite current-carrying conductor is placed along the 

z-axis and a wire loop is kept in the xy plane. The current in 
the conductor is increasing with time. Then the 

a. e.m.f. induced in the wire loop is zero 
b. magnetic flux passing through the wirc loop is zero 
c. e.m.f. induced is zero but magnetic flux is not zero 
d e.m.f. induced is not zero but magnetic flux is zero 

11. An inductor and two capacitors arc connected in the circuit 
as s~own in Fig. 8.323. Initially capacitor A has no charge 
and capacitor B has CV charge. Assume that the circuit has 
no resistance at all. At t = 0, switch S is closed, then 

[given LC = 2 2 4 Ii 2 and CV = 100 mC] 
R xlO 

Fig. 8.323 
/ 

a. when current in the circuit is maximum, charge on each 
capacitor is same 

b. when current in the circuit is maximum, charge on capacitor 
A is twice the charge on capacitor B 

c. q = 50(1 + cos 100 n t) mC. where q is the charge on 
capacitor B at time t 

d q = 50( I - cos lOOn t) mC. where q is the charge on 
capacitor B at time t 

12. The potential difference across a 2 H inductor as a function 
of time is'shown in Fig. 8.324. At. t = O. current is zero. 
Choose the correct statement. 

reV) 

10 ----------

o 2 

Fig. 8.324 

a. Currentatt=2 s is 5 A 
h Currentatt=2sis lOA 

4 I (s) 

c. Current versus time graph across the inductor will be 

Faraday's Law and Lenis Law 8.75 

Fig. 8.325 

d Current versus time graph across inductor will be 
I, 

Fig. 8.326 

13. A disc of radius R is rolling without sliding on a horizontal 
surface with a velocity of centre of mass v and angular velocity 
win a uniform magnetic field B which is perpen-dicular to the 
plane of the disc as shown in Fig. 8.327. 0 is the centr~ of the 
disc and P, Q, R und S urc the four points on the disc. 

x X X X X X X 

• 

X Q: (J) 

---+-- X X X 

• 
• p ---------~-------- • 

X R :0 X B X • • • • • :s 

Fig. 8.327 

a. Due to translation, induced e.m.f. ncross PS = Bvr 
b. Due to rotation, induced c.m.f. across QS = 0 
c. Due to tranSlation, induced e.m.f. across RO = 0 
d Due to rotation, induced e.m.f. across OQ = Bvr 

14. Two parallel resistanceless rails are connected by an 
inductor of inductance Lat one end as shown in Pig. 8.328. 

, 

A magnetic field B exists in the space 
whieh is perpendicular to the plune 
of the rails. Now a conductor of 
length l and mass m is placed 
transverse on the rail and given an 
impulse J towards the rightward 
direction. Then choose the correct 
option(s). 

Fig. 10.328 

a. Velocity of the conductor is half of the initial velocity 

UJ'L 
after a displacement of the conductor d = 2 2 

' Ulm 
b. Current flowing through the inductor at the instant when 

velocity of the conductor is half of the initial velocity is 
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8.76 Physics for UT·JEE: Electrici ty and Magnet ism 

c. Velocity of the conductor is half of the initial velocity 

after a displacement of the conductor d = 

d Current nowing through the inductor at the instant when 
velocity of the conductor is half of the initial velocity is 

;- J3J' 
1111. 

IS. A conducting loop rota te.~ with constant angular velocity 
about its fixed diameter in a uniform magnetic fi eld. Whose 
direction is perpendicular to that fi xed diameter. 

a. The e.m./". will be max imum mthe moment when nux is 
<oro 

h The c.m J . will be '0' at the momcnt when nux is maximum 

e. The e.m.f. will be maximum at the moment when planeor 
the loop is l)<trallel to the magnct ic field 

d The phase differcnce between the nux and the e.m. f. is 7d2 

16. A bar magnet is moved betwecn two parallel ci rcular 
loops A and B wit h a constant velocity v as shown in 
Fig. 8.329. 

A B 

c.-
S N 

Fig. 8.329 

a. The current in each loop nows in the same direction 

h The current in each loop flows in opposite di rections 

c. The loops wil! repel each other 
d .The l oop.~ will attract each other 

17. A barmagnel moves towards two identical pawl lei c ircular 
loops with a constant velocity t/, as shown in Fig.8.330. 

v 
--~ 

c.
S N 

8 

Fig. S.330 

a. Both the loops will allract each Olher 

h Both the loops will repel each ol her 
c. The induced current in A is more than that in B 

d The induced current is satlle in both Ihe loops 

IS. In the ci rcuit sho'vn in Fig. 8.33 1, the switch is closed at 
1= 0. 

I , 

I, 

, 

a. Atl =O, /1 =h=O 

I., 

""" 

" " " 

R 

Fig. 8.331 

. II ~ h Atany t lffiC I, - = -
12 L\ 

c. Atanylimcl./ [+ I'l = i 
d At t = 00, I. and '2 are independent of L , and '-2 

19. A highly conducting ring of radius R is perpendicularto and 
concentric with the ax is o f a long solenoid, as shown. The 
ring has a narrow gap of width o in its circumfercnce. The 
cross· scction'al area of the solenoid is a. Thc solenoid has a 
uniform internal field of magnitude B(I) = Bo + (Jr. where p 
> O. Assume that no charge can fl ow across the gap. the 
face(s) accumulating an excess of positi ve charge is/arc 

An::~a 

a. FI 

h F, 

c. Ft and F'l both 

Capaf 
width S 

Fig. 8.332 

F, 

d difficult 10 conclude as data given are insufficient 
20. The accumulation of the charge on the gap faces will cease 

whcn the total electric fi eld within the ring becomes zero. For 
this to happcn. the electric fie ld in the gap Eo is 

up 
a. Eo = -

J 

b Eo = 2ap 
J 
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c. Eo is dependent 011 R for R > J!£ 
d Eo is independent of R for R > & 

21. In the fi gure shown, the wires P,Q, and P2Q2 are made to 
slide Oil the rai ls with same speed of 5 em s-'. In this region 
a magnetic fi eld of I T exists. The electric current in the 9 n 
resistance is 

@ 

@ 
@ 

@ 

@ 

@ 

Fig. 8.333 

a. zero ifboth wi res slide towards left 
h zero if both wires sl ide in opposite directions 
c. 0.2 rnA if both wires move towards left 

@ 

@ 
@ 

0 911 

@ 

@ 

d 0.2 rnA if both wires move in opposite di rections 
22. A small magnet M is allowed to fall through a fixed 

horizontal conducting ring R. Let g be the acceleration due 
to gravity. The acceleration of M will be 
a <g when it is above R and moving towards R 
h >g whcn it is :Ibove R and moving towards R 
c. <g when it is below R and moving away from R 
d >g when it is below R and moving away from R 

23. The conductor AD movcs to the right in a uniform magnctic 
field directed into the plane of the paper. 

8 

@A@ 

fo' ig. 8.334 

a The freeelcctron in AD will move towards A 
h D will acquire a positive potential with respect to A 
c. A current will fl ow from A to D in AD in close loop 
d The currell t in AD flows from lower to higher potential 

24. The magni tude of the eurth 's magnetic field at the north pole 
is Bo- A. hori zontul conductor of length ( moves with a 
velocity v. The direction of v is perpendicular to the 
conductor. The induced e.m.f. is 

faraday's Law and Le nt s taw 8.77 

a. zero,i f l' isvellical h Bolv, if" jsvcrtical 
c. zero. if I' is horizomal d Bo(v, if vis horizontal 

25. A vertical conducti ng rinll or radius R falls vertically in a 
horizontal magnctic fiel d of m:lgnitude B. The di rection of IJ 
is perpendicular 10 the plane of thc ring. When the speed of 
the ring is v. 

@ @ C @ 

@ @ 
A X IJ 

@ @ 
{, 

@ @ @ 
Fig. 8.335 

a. no e \l rrent nows in the ri ng 
h A lind D are at the S:l IllC potential 
c. C and £ ,lre:lt the same potential 

@ 

@ 
D 

j @ 

@ 

d the potential di ffcrence bctweenA and 0 is 21lRv, with U 
at a higher potential 

26. A O:u coil, C, of 11 turns, area A and resist:lnce R. is pl'lced in 
a unironn Ill:lgnctic fi crd of milgnitude B. The plane of the 
coil is initially perpendicular to IJ. The coil is rotated by an 
angle 8 about the pl;me .t )' and charge of amount Q fl ows 
through it . Choo.~c thc corrcct alternatives. 
ll. 8= 90°, Q = (IJ/ln/l() b, 8= 180 0

• Q = (/JJ1.IIIR) 
c. 8 = 1800, Q = 0 d, B= 360°, Q = 0 

27. In problcm 26. the plane of the coil is initiall y kept para llc l 
to Il. The coil is ro tated by an :mg lc Oabout the palncxy, and 
charge o f UIl10llnt Q !lows through it. Choosc the correct 
alternatives. 
a. B= 90°, Q = (1JlIl1/R ) b. 0= 180°, Q = (213aIlIR) 
c, 8= I!W,Q ='O d. B=J600,Q = 0 

28. In questi on 26, if the ( oil rota tes ahout thc xy planc with a 
constant angular velocit y (d, the e.mJ. indu(cd in it 

II. is zero 
11 changes nun·li nearly with li mc 
c. has n constant value = /JA il(/) 

d hasa maximum v:llue= llA II (/) 
29. Switch S o f the circuit shown in Fig. 8.336 'is closed at 

f = O. If edcnotes the induced c. m.e. in Land I is the currcnt 
nowing through the ci rcuit at time t, which of the followil~g 
gmphs ishlre con cct'! 

f.' 

/I L 

Fig. 8,336 
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8.78 Physics for l!T·JEE: Electricity and Magnetism 

,. 

0'-____ _ O '---__ ~_ 

,. b. 

0'------ _ 
O L ____ _ 

<, d, 

Fig, R,337 

30. For the circuit shown in Fig. !U~8, which of the following 
statements is/nrc com.~ct? 

6ll HI 

"""""" 

Ill! 'l! 

'-----------'----.,' ~--
bY 

Fig, H,33H 

a. Its time conSlunt is 0.25 s 
b. In steady s)utc, current through the inductancc will be 

cquulto 7.cro 
c. In steady stute, current through the ballcry will be cqunl 

\0 0.75 A 
d None of these 

Assertion-Reasoning 
"Type 

SU/IlIiOIl$ UII page 8.131 

a. Statement I is True, Statement II is True; Statement II is 
correct explanution for Statement I. 

h. Statement I is True. Statement II is True: Statement II is NOT 
a correCI explanation for statement I. 

c. Statement I is True, St:ltement II is False. 
d Statemem I is False. Statement II is True. 
1. Statement I: Two coaxial conducting rings of different radii 

are placed in space. The mutual inductance of both the rings 
is maximum if the rings are also coplanur. 
Statement II: For two couxial conducting rings of different 
radii, the magnitude of mngnetic flux in one ring due to 
current in the other ring is maximum when hoth rings are 
coplanar. 

2. Statement I: An inductor uclS a~ perfect conductor for d.c. 
Statement II: d.c. rcmuins constant in mugnitude and direction. 

3. Statement I: The magnetic flux through uloop of conducting 
wire of a fixed resistance chunges by A¢" in a time 61. Then 
6¢/J is proponio!llli to the current through the loop. 

Stntement II: 1=- 6;11 . 
4. Stutement 1: An e.m.!'. is induced in ulong solenoid hy a bar 

magnet that moves while totally inside the solenoid along 
uxis of the solenoid. 
Statement II: As the mugnet moves inside the solenoid the 
flllx through individunl turns of Ihl! solenoid changes. 

5. Statement I: Lent's luw violutes the principle of conservation 
of energy. 
Stutement 11: Induced e.m.f. ulways llpposes Ihe change in 
mugnetic flux responsihle for its production. 

6. Statement I: Only achange in magnetic flux will maintain an 
induced current in the coil. 
Statement II: The presence of large magnetic nux through a 
coil maintains n current in the coil if the circuit is continuou.~. 

7. Statement I: An electric lamp is connected in series with a 
long solenoid of copper with air core and then connected to 
un n.c. source, If an iron rod is. inserted in the solenoid the 
Inmpwill bccornedim. 
Statement II: If an iron rod i.~ inserted in the solenoid, the 
inductullce of the solenoid increnses, 

8. Statement I: A capacitor allows u.c. hut hloeks d.c. 
Statement II: When a.c. passes thmugh a capacitor. there is 
I(lcal o.~cillation of bound charges of dielectric. 

9. Statement I: The self·inductunce (L) is given hy ¢(mugnetic 
!lux) = L; (current). 
Stutement II: When current is increused, self·induetllnce 
incrcuses. 

10. Statement I: The work done hy u chllrge in a closed 
(induced) current·currying loop is tlon· ... ero. 
Statement II: Induced electric field is non·conservative in 
nuture. 

11. Stutement I: No electric current will be present within a 
rcgion having uniform and constant magnetic field. 
Stutement II: Within a region of uniform and constant 

magnetic field jj. the path integral of mugnetic field 

pil . (Il along any closed path is zero. Hence from Ampere 

circular law p ii · dl = pol (where the given terms have 
usual meaning), no current can he present within a region 
huving uniform and constant magnetic field. 

12. Statement I: The growth of current in R Lcireuit is unifoffil. 
Statement II: Inductor (L) opposes the growth of current. 

13. Statement I: Magnetic flux linked to closed surface is zero. 
Statement II: Direction of induced current due to change of 
mugnetic flux is given by Faraday's luw. . 

14. Stutcment 1: Timc·dependent mugnetic field generates electric 
field. 
Statement 11: Direction of electric tield generated from time 
variable magnetic field d{leS not ohey Len .... 's law. 
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IS, Statement I: Induced potential across a coil and therefore 
induced current is always opposite to the direct ion of 
current due to externa l source. 
Statement II: Lenz's law states that induced e.m.f. always 
opposes the cause due to which it is being produced. 

16. Statement I: The magnetic fi eld at the ends of a very long 
current-carrying solenoid is half o f that at the centre. 

Statement II: If the solenoid is sufficiently long, the field 
within it is unifonn. 

17. Statement I: The energy of charged panicle moving in a 
uniform magnetic fi eld does not change. 

Statement II: Work done by magnetic field on the charge is 
zero. 

18. Statement I: When two coils are wound on each other. the 
mutual induction between the coils is maximum. 

Statement II: Mutual induction does not depend on the 
orientation of the coils. 

19. Statement I: 1be induced e.m.!'. in a conducting loop of wire 
win be non· zero when it rotates in a uniform magnetic field. 

Statement II: The e.mJ. may be induced due to change in 
magnetic field. 

,. 20. Statement I: The direction of induced e.m .!'. is always such 
as to oppose the change that causes it. 

Statement II: The direction of induced e.m.r. is given by 
Lenz's law. 

21. Statement I: Capacitor serves as a block for d.c. and offers 
an easy path to a.c. 

Statement II: Capacitive reactance is invel ~ely proportional 
to frequency. 

22. Statement I: A resistance R is connected between the two 
ends of the parallel smooth conducting rails. A conducting 
rod lies on these fixed horizontal rails and a uniform 
constant magnetic fi eld B exists perpendicular to the plane 
of the rails as shown in Fig.8.339. If the rod is given a 
velocity v and released as shown in Fig. 8.339, it will stop 
after some lime. The tOlal work done by magnetic field is 
negative. 

@8 
Fixed 

/ 

Ii +---- - " 

Fig, 8.339 

Statement II: If force acts oppos ite to direction of veloci ty 
its work done is negative. 

23. Statement I: Consider the arrangement shown below. A 
smooth conducting rod, CD. lying nn a smooth U·shaped 
conduci ng wire, is fixed and lies on horizontal plane. There 
is a uni form and constant llI:lgnctic fi e ld B in vertical 

Faraday's l aw and Lenz's law 8.79 

di rec tion (perpendicular to plane of page in Fig. 8,340). If the 
magnetic field strength is decreased. the rod moves towards 
right. 

D ,," 
/ B 

perpendicu lar 
to page 

"-
C 

Fig. 8.340 

Statement II: In the situation of statement I , the direction in 
which the rod will slide is tr.at which tends to maintain 
con .~t ant nu x through the loop. Providing a larger loop area 
counteracts the decrease in magnetic flux. So the rod moves 
10 the right independent of the fact that the direction of the 
mllgnetic field is inlO the page or out of the page. 

24, Statement I: No electric current will be present within a 
region having uniform and constant magnetic field. 
Statement II: Within a region of uniform und con stant 

magnctil' fi eld iJ . the palh integral of magnetic field ~ iJ ·d ( 
along ~my closed path is zero. Hence. from Amperecircu ital 

law Pjj ·d?: = po l (where the given terms have usual 

me,lIling), no current can be present within a reg ion having 
uniform and constant magnetic fie ld. 

Comprehension 
Type 

For Problems 1-2 

Solutions 0 11 page 8.132 / 

A Oexible circular loop 20 cm in diameter lies in a magnetic fie ld 
with magnitude 1.0 T. directed into the plane of the page as shown 
in Fig. 8.341. The loop is pu lled at thl' points indicated hy the 
aml WS . fllnning a loop nf zcroarca in IU 14 s. 

x X '+ X X , , , , , , 

X 

X R 

" X X 

'.' , ' 
X X ' ' X X ' _.' 

Fig. 8.341 

I, The average induced e.m.r. in the c ircuit is 
a. 0.2 V h 0.1 V c. I V d lOY 

2. If R = 0.01 n. the magnitUde and direction of current nowing 
in the loop is 
a. I A, clockwise 
c. 10 A, clockwise 

h I A, anticlm:kwise 
d IOA,anticiockwise 
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8.80 Physks for IIT·JEE: Electricity and Magnetism 

For Problems 3-4 

The current in the long, straight wire AB shown in Fig. 8.342 is 
upward and is increasing steadily at a rate of dildt = K. 

,j 
B 

T 
H L 

1 , b -I 
,j 

Fig. 8.342 

3. The total flux through the loop is 

2J1uiL ·b 
a. --1"- b. /!;!/!: In ~ 

21< :1 

!}J1uiL In ~ d. 
Puil. b ,. -- In-

" a J3Jr a 
4. The induce<) c.m.f. in the loop is 

PoL K h 
b . 

2J1IJL K b a. --1"- ... _ .. _-.. In-
2" a " a 

,. J3PuLK In E. d. PoLK In ~ 
2" a .fjJr a 

For Problems 5-6 

A space is divided by the line AD into two regions. Region I is 
field-J"ree and region II has a uniform magnetic field B directed 
into the paper. ACD is.a semi-circular conducting loop of radius 
r with centre at O. the plane of the loop rotates with a velocity (t) 

about an axis passing through O. and perpendicular to the plane 
of the paper. The etl"ective resistance of the loop is R. 

5. The magnitude and direction of the indoced current in the 
loop. when it starts to enter the magnetic field is 

(J)Br~ wBr1 wB!"! 
a. 2R b. "H e. .J2R 

6. The graph betwl'cn the induced e.m .f. and the time of 
rotation for twn periods of rotation is 

1 - 2/h~ (o) I 

.. 
Fig. 8.343 (Contd.) 

1/2 B,-l w 

-112 B,-l w _____ _ 

b. 

tl2 B,-l (I) -

,j 
TI2 T 

- tl2 Br w 

,. 

12Hrw 

d . 

Fig. 8.343 

For Problems 7-8 

2T 

- , 

3 TI2 2T 

- , 

- , 

Fig. X.344 shows two parallel and coaxiallo<Jps. The smaller loop 
(radius r) is above the larger loop (radius R), by distance 
.\" » R. The magnetic field due to current i in the larger lnor is 
ne<lrly constant throughout the smaller loop. Suppose that .\ is 
increasing at a constant rate of dxldt = I'. 

R 

Fig, 8.344 

7. Determine the magnetic flux through the smaller loop as a 
function of x. 
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6.82 Phy~ics fOI IJT·JH: El<Jctlidty ~Ild Magnetism 

15. i. The <": lI rn.::m flow ing lilrou£h resistance R if the rod MN 
ilion's townrds len UlIlI the rod M' N' moves towards the 
right is 

1111' a. -_.- --
8 +(rI2) 

211f,' " -R +r 
e. zcro d 3m'+' 

2(R + r) 
ii . Ii" in Ihe previous problem resistances each of value R 

arc COllllcctCtl Oil both ends as shown in Fig. 8.349, the 
cu rrent I. flowing through re.~ i s tancc RI is given by 

x X X X X X X X X X 

x x x 

X X X X X X 
J-_~UI R 

X Xr! xXXX 

X X X X X X 

x X X X X X X X X X 

Fig. 8,349 

" -c--=-'.:II~I~Rl,~(~,~,,~lic::.~l"'~."i) h. -c--c-~B-,IR2'("'" ''"'c+c'"'o''e)-,,,-
Il,Rl ( li +'i ) +li 'i(R, +R2) RtR2('I + r2)+rz'l( Rt + Rz ) 

/If"U2(1'. 'i - 1'2 ' i) . d ~~~8~/R~,(""",,_-C'"'O';")~~ 
I<tH2('i ·- 'i)+'i'i(l?I - H2) Ht!?2('i +I":! )-'i'i(!?t + R2) 

FOI'lll"oblcms lli- 17 

~\ "'ctal har is moving with a Ye](J(;i ty of 5 em s-J oyer U U-shaped 
c. ,, ~l lctor. At l =; O. the extc]"lw] magnetic IIcld is 0. 1 Tout of the 
page and is incrc;lsil1g at 11 rale of 0.2 T S- I . Take t = 5 cm. und at 
I =O . .\" :o: 5 CI11. 

G G G 

0 G G 
H '" 10 ~u -" G G G 

, 
~--

G G G ,. 
Fig. 8.350 

{(" Th<:c.lI!.f. i!ldm;cd in till' cireuil is 

0 
r:---

10 
G 

G 
, I 

n. 12:'ipY h -250~IY 
c. - IIXlpY (l 3CX)~tY 

17. The (;UJT<:1!1 flow ing in thc circuit is 
a.2.5A b :'iA c.IA 

Fur I' rublcms IH-20 

• v 

d 2A 

III Fig.l:U51 ~how n. thc!"OJ h<rs a fesis lunec R. the horizontal rai ls 
have neg lig ible fl·ictioll. ;\ ballcry of c. I11.f. E and neglig ible 
ill!ernal resis taIH,:,,: is (;ClIlII<:ct(;d betwccn points a and h. The rod 
j~ initially at res\. 

Current due to 
banery 

I " B;n 

@ @ @ @ 
" 

~ @ @ @ 
E R 

F. 
F_ ~ 

L 

@ @ @ 
<T " @ 

@1 
@ @ 

Induccd (;urrell! 

F ig. 8.351 

18. The force on the rod as !! funClion of the speed v (where 'r 

= mRIBf2) is 

n, ~ (l -e- " ~) 
81 

C. ~.£(I_f'-'f ~ ) d . .....£..(I _ t'~" r) 
2 Be 28f 

19. After some time the rod wil l approach a tcrminal speed. 
Find an expression for it. 

11, ~~ b • ...£ 
28f 281 

E 
<. 

BI 
2£ 

d.-
8 / 

20, The current when the rod ,lIIuins ils tennimll speed is 

2£ 
" -II 

For Problems 21- 22 

E 

" R 
<. 

3 E 
2R 

E (I 
2/1 

A tong, thin so leno id has 900 turns per nt<:ter and radius 2.50 cm. 
The curfcm in the solenoid is incre<lsing at a uniform fate of 
60.0 A s- '. Whm is thc magnitude of the induced electric lIc1d at 
11 point ncar the center o f the solenoid and 

21. 0.50() cm from the a:ds of" the solenoid? 
a • .'i41l"x 1()-xNC ~ 1 b. 48"x IO-K N C- J 

C. ~6Jrx IO-~ N C- I d. 18Jrx 10-x N C - I 

22. 1.00 cm from the axis of the solenoid? 
11, 50"x!O-x N C - I b. IOOJrx IO-g N C - I 

c. Silex lO-s NC- 1 d. 36Jrx 1O-II Ne · 1 

For Problems 23-27 

The magnetic fie ld within a long. ~ t raight soleooid with a c ircular 
cross section and radius R i ~ illcrclIsing at a ratc {If dlJldl. 

23, The ra te of change of !l ux through a circl e with radius 1"1 

i n.~ idc the solenoid, normal to the axis of thc solenoid, and 
with center on the solenoid .. x i.~ i::; 

"'2 ' dB a. vLlC'I -
dl 

I l dB 
h - Jr'l -

2 (II 

2 dB 3 2 dB 
c. /CIj - d - lTIi -

~ 2 ~ 
24. The magn itude of the induced e lectric t"ic ld inside the 

sole noid at a distance /", from its axis is 
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'i dB 
&--

2 dt 

dB 
h t , 

dt 

31i dB 
C.--

2 dl 

'i dB 
d fid, 

25. The magni tude of the induced electric 
solenoid at a distance 1'2 from the axis is 

fiel d outside thc 

R2 dB R2 dB 
b. a. 

1'2 dl 2 1'2 dt 

3R2 dB R2 dB 

C. 21'2 dl d. ..[iIi dt 
26. Graph the magnitude of the induced electric field as a 

fu nction of the distance I' from the axis from I' == 0 10 I' == 2R. 

E 

i(~~) --- ---- -----

o R ., 
E 

~(dB) 
2 d, 

o R 

b. 

E 

~( dB) 
2 " 

------- --'/--~--~ 

2R • , 

, 

O:~---~R----,2R~--~ 

<. 

E 

~(dB) 
2 d, 

• o , 

d. 

f<'ig. 8.352 

fJ rad<lis Law and Le nis Law 8.83 

27. The magni tude of thc in(hlccci c.m.r. in a circu lar turn of 
radius RI2 that has its centre on the solenuid axi~' is 

a. !i(dB) 
2 dt 

b. f~(d/~) 
4 cll 

( dB ) 
c. "l- dt 

d . Ii u(dfJ) 
,', dl 

}<'or P roblems 28- 29 

A long solenoid of radius R has /I \ '.I l'Tl ~ ofwirc per unitlellgth 'Iud 
c<lrries a time varying current that varies sinusoidally as I == I""" 
cos OJI, whcrc 11\"",. is the maximulll cUITent and (V is thc <lngul;u' 
frequency of the alternating current source (shl)wn in Fig.K:t'iJ). 

;( tlll"£"'l iUII 

-

;U 

I I"." cus WI j 
Fig, 8.353 

28. The magni tude of the induced eb:\ric field inside the 
solenoid, a distance r < R from its long ccntral <lxis. 

3p,nl (j) • 
ll. _ 1\~1X /' Sill OJI PI ,!II",n(1) h. -.'.--- r eos (t)1 

2 2 

<1. PolI/""" ((J r s in (t)1 
2 

29. The magni tude of eleetri .... field outside the solellohJ a\ a 
distllnce r > R from its klllg central axis is 

fion/maxOJR2 
, 

a. sin an ~. 
2)/011/IL' ''' (O/? -

sin (Of 
2,' " 

e. 
Jlonl", .,,J(JR

2 
. 

Sill WI d. 
1 I f" . )/0 '1 IL"" (;) \ -

~in (Of 
3r 2r 

For 1'l'oblclIIs30-32 

A squarecondueting loop. 20.0 .... 111 Oll a side. is placed in the samc 
mllgnetie field as shown in Fig. 0.354: l'cnt1'<~ I)f lhe magnctic Held 
region. where dB/d1 = 0.035 T S- l . 

x 
x 

x 

X 

~x 
x 
x 

x ,i X 

x x 
" " ( 

x 
x 

XT ~~~ x X :::,:' []I: :) 
xi, ---;- J JX 1 .... _· 20 (I ___ : 

x x ~IIlX X 

X X X X 

X 

Fig. 8.354 
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8.84 Physics for IIT.JEE: Electrici ty and Magneti sm 

30. T he directions of induced electric field at poi ntsQ, band c: 

•• b . 

,. d. 

Fig. 8.355 

31. The current induced in the loop if its resistance is 2.00 n is 

a. 2.50 x 1O- 4.A b. 4.35 x 10- 4 A 

c. 1.25 X 10- 4 A d. 7.00 X 10- 4 A 

32. The potential difference between points a and b is 

a. bY b. O 

c.IO V d. 12Y 

For Problems 33-34 

A thin non-conducting ring ofmassm, radius a • ..:arrying a charge 
q can rotate freely about its own axis which is vertical. AI the 
initial moment the ring was at rest und no magnetic fi eld was 
present. At instant t = 0, a uniform magnetic field is switched on 
which is vertically downwards and increases with time accurding 
to the law B = Bo'-. Neglecting magnetism induced dul.' 10 

rotational motion of the ring, calculate 

33. the angular acceleration of the ring and its direction of 
rotation as seen from above 

a. Eq .ll.nticlockwise 
2ma 

2£0 I k . c. --,cae w~ 
'00 

b. Eq. anticlockwise 
ma 

d. Eq, clockwise 
rna 

34. the power developed hy the forces acting on the ring. as a 
funct ion of time 

£2q2 
b. 

£ 2q2 

•• --I - - I 
2m no 

c. 
2E Zq2 
- -- I d. fiE~~f 

m m 

For Problems 35-40 

In Fig. 8.356, i l = lO e-2r A, i2 =4 A and Vc= 3e- 2,V. 

RI - 2n 

35: The current it. is 
a. [2-2( I -e-21)]A 
c. p _ 2( I _ e·2r») A 

I, I, R2- Hl 

0 C 

• i, 

F, L- 4 H 

D 

Fig. 8.356 

b. [2 + 2(1 - e-11
)) A 

d. f2 + 3(1 - e-lt)J A 
36. The variat ion of ..:urrenl in the inductor with lime can be 

represented as 

i~ (A) 

4 • ••••• - 4 ... --- .. -_ ... . 

1 ............. . 2 ----.... • .. . 

.. b . 

I~ (A) i l (A) 

4 ............ .. 4 ---- .......... . 

2 .. • .. ----.--- 2 --- ........ . . . 

d. 

Io'ig. &.357 

37. The pOfential d ifference acros.c; inductor V t. is 
a. 8e-21 V b. ge" 21 V c. 16e-11 Y d. 18,.-21 Y 

38. The variation of pOlential difference across A and C ( VAd 
with time can be represented as 

2 ... .... ..... . 

.. b . 

Volt· 
2S .. .... .. . 

17 

12 . ..... --. 

,. d. 

Fig. 8.358 
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39. The potcntial difference across AB (VAB) is 

a.8e-2/ V b -'-.e- 31 V c.17e- 2 / V d. I6e-2/ V 
' 2 

40. Thc variation of potential difference across C and D (V co) 
with time can be expressed as 

Vrn Vw 

28 ----- -- .. . 28 -- ---- - - - -

12 ----- -- • • - 12 --- -- ---- -

., b, 

VCD 
Vco 

28 ------ -- -- 28 ----- -- -- -

12 ----- - -- 12 -- - --- --

<, d, 

Fig. 8.359 

ForProblems 41-43 

In the circuit shown, switches S, and S) have been closed for I s 
and S2 remained open. Just aner I s, switch S2 is closed and $ 1 and 
$3 are opened. Find after that instant (t = 0): 

'0 '0 

,v ,v 

Fig. 8.360 

41. the maximum current in the circuit containing inductor and 
capacitor only (only S2 is closed) 

., .J3( 1-;) b, .'1(1- ;) 
d, .'1 (1 +;) 

42. the maximum charge on the capacitor 

., .J3(I+;) b, J3(I-;) 
<, .'1(1+;) d, .'1(I-D 

43. the charge on the upper plate of the capacitor as a function 
of time 

Farad~y'~ law and Lents Law 8.85 

For Problems 44-48 

In the circuit shown E = 120 V, RI = 30.0 n, R2 = 50.0 nand 
L = 0.200 H. Switch S is closed OIl t = O. Just after the switch is 
closed. 

E - t20 v 

,\ ' 1'1 

R, 

" b 

R, L 

" ' "''' ,/ 

Fig. 8.361 

44. The potcntial difference V"b across the resistor RI is 
a. rov b. IOO V c. l20V d OO V 

45. which poilU, (lor h. is al higher potemial'! 

a. point a 
b. point b 
c. points a and b both will be at the same potentinl 

d none of these 
46. The potential difference Vea across the inductor L is 

a. (£IV b. IOO V c. l20V d roy 
47. Now the switch s is opened. just alh:r opening the S. what is 

the potential difference Vub across the resistance R,? 
a. 72V b. 36V c.56V d rov 

48. which point, (' or d. is al a higher potential? 
a. point t' 

b. point d 
c. points c and (/ art! at th.: s,une po tential 

d none of IheS\! 

For Problems 49-50 

In a very long solenoid ofrmiius N. if the magnetic fi eld chunges 
althe rate of tlBldl. 

49. The induced e .mJ. for the triangular circuit ABC shown in 
Fig. 8.362 is 

r----::::=::::::--

R /I 

~==~c o 

II 

Fig. 8.362 
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8.8~ Physics f()r IIT-JEE: Electricity and Magnetism 

• 
h4R2(~~) 

d2R2(~~) 
SO. Calculate the induced e.m.f. between the ends oflengthAB, 

if AC and Be were removed frnm the circuit. 

a ~(~~) b 4R2( ~) 
e. ~ R,(dB) 

2 dl 

For Problems 51-53 

In the given circuit. all the symbols have their usual meanings. At 
t = 0, the key K is closed. Now answer the following questions. 

R, 
A ,+ 
K.I-
8 ---i~I-----1r----' 

R, 

Fig. 8.363 

5.1. Al t = a,the equivalent resistance between A and B is 
a. R(+R2+ R) nR I +R2 
c. R I + R) d indetelTIlinate 

52. At t -+ 00, the equ ivalent resistance between A and B is 
aRI-+:Rl +R) bR I +R2 
c, R I + R.\ d none of these 

53, At any time t, 0 < r < 00 (excluding the cases r -+ 0 and t -+ 00), 
the equivalem resistance between A and B is 
aR I+R2+RJ bR I +R2 
c. RI +R) d none of these 

For Problems 54-56 
R, R, 

s 
E 

R, 
L 

In the circuit shown in the figure, E = 15 V. R I = I Q . R2 = I n. R) 
= 2 nand L = 1.5 H. The currents flowi ng through RI , R2 and R) 
are ii' i1 and i), respectively. 

54, immediately after turning the switch Son, 
a. i l =i2 = 7.5A.i)=OA n i l =i)~5A,i2=OA 

c. i l =i2 = 9A,i~=aA d i l = ;2=i3 =OA 
55. After the ci rcuit reaches the steady state, 

n. i l =9 A, i~ =6 A. i t = ~ A h. it = 9 A, i~ = J A. 1) =6 A 
c; i l =6A,i2 =fl A.i.1 = OA d i l = OA,i1 =OA.i.I= OA 

56. Immediatel), afterconnecl ing switch S, 

di, I n. i)::; 0 A and - ' = 0 A s
dl 

h i) =O Aand di3 'i!OAs- 1 

d, 
C, i~ = 0 A and the rate at which magnetic energy stored is 

not zero 
d none of these 

For Problems 57-59 

Two resistors RI and R2 can slide without fric tion along two 
parallel metal guides directed at an ungle ato the horizontal and 
separated by a distance h. T he guides are not connected at the 
bottom as shown. The entire system is placed in an upward 

magnetic field which decreases with time liS dB =-a, and also it 
d, 

decreases along the guides as liB = - po x = a and x·axis is along 
dl 

the guide as shown in Fig. 8.364, The resistors are made to slide 
with II conslant velocity v downwards. 

X 

b----, 

57. The e.mJ. induced due to decrease of B with time only (and 
the direction of current in loop, respectively) (ACW -+ 
anliclockwise, CW -+ clockwise) 

a. aba{ACW) 

c. (lba{CW) 

For Problems 60-62 

a' 
b ba(CW) 

a' 
d ba(ACW) 

b (Jabv{ACW) 

d p2av (ACW) 

RI +R2 

a2 fba +p2av 
d 

....!!l!!L 
RI + R2 

111 Fig. ~.36S , II square loop consisting of an inductor of 
inductance Land resiSl(lr Ill' r~s islancc R is placed between twCl 
long parullel wirc~. The two 1 ~1Og. ~traigh( wires have time varying 
current of magni lUdc J = loCOS cor but the· directions of currenl in 
them are opposite. 
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io eos WI 

, 

L 

D 
'" 

Fig. 8.365 

60. Total magnetic !lux in Ihis loop is 

a. pula In 2 b. 2Po/u In 2 
ff ff 

c. 4Po/o In 2 d. JJola In 2 
ff 2ff 

61. Magnitude of e.m. f. in Ihis circuit only due to flux change 
associated with two long straight current carrying wires will 
be 

,uoa102/0(O . 
b. 2.uoa In 2 law . •• SIO{J)/ sm WI 

ff ff 

.uoaln2/0w 
d. Jioa In 2 loW c. cos OJI cos WI 

2ff ff 
62. The inSlantaneous current in the circuit will be 

2,uoQ In 210m '( 
a. sm an - f/J) 

lT~ R2 + 0)2 L2 

2,uoaln2/ow . 
b. sm(a)f+ tp) 

1r~R2+(J)2L2 

.uoQ In 2 loW 
C. ,..JR2 +ciL2 SiMJI " 

d /.loa In 2 lo(j) sin(alt _ rp) 

. trJR2 +aiL2 

( where tan rp ",' ~L ) 

For P roblems 63-65 

In the given circuit at I = O. switch S is closed. 

'mH ~ 100 tOY 
...!.. 

20 80 

Fig. 8.366 

2O,F 

63. The currenl1hrough the 10 Q resistor at any instant 1(0 < f 
< 00) will he 

a. I ' 1II O~.\)1 
h. 5 .1Il~lO/_111 -" -" h 6 

c, I (11_Kll.1)1 
d 6 (l[(Mlt1)1 -, '-e 

6 5 

faraday's liIw and Lenis law S.S7 

64. The energy Stored in the inductor at any instant I (0 < I <00) 
will be 

ft • .!.[5 _ 5e _(lrow})/ ]2 mJ 
2 

c. ~['- e-(' ''''''' J' mJ 

b. 125 [ 1_ e -IIOOIY))' ]2 Illl 
2 

d. ~[I-e-(IOOQI~)tJ rnJ 
2 

65. The energy stored in the capacitor and inductor. respectively. 
as I -+ 00 will be 
a. I mJ and 62.5 ml 
c. 2 rnJ and 62.5 ml 

For Problems 66-68 

b. 62.5 ml and: IlIJ 
d . I ml and 60 mJ. 

In Fig. 8.367. there is u frame consisting of two square loops 
having resistors and inductors as shown. This frame (s placed in a 
uniform but time varying magnetic field in such a way that one or 
the loops is placed in crossed magnetic field and the other is 
placed in dot magnetic field. Both magnetic fields arc perpen
dicular to the planes of the loops. 

lf the magnetic field is given by B = (20+ 10 t) Wb m-2 in both 
regions (t = 20 cm, b = 10 cm and R = 10 n. L = 10 H). 

Fig. 8.367 

66. The direction of induced current in the bigger loop will be 
a. clockwise 
b. anticlockwise 
c. first clockwise for some time. then anticJockwise. and 

so on 
d firs t anticlockwise for some time. then clockwise.lmd 

so on 
67. The induced e. m.f. in the frame only due 10 the variat ion of 

magnetic fi eld will be 
u. 0.3 V b.O.IV c. 0.5 V d.O.4V 

68. The current in the frame as a function of time will be 

I . , c. - e 
20 

For Problems 69-71 

There is no current in any part of this circuit for time f < O. The 
switch S is closed at t = O. 
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8.88 Fhyslcs for IIT-JEf: Electricity and Magne tism 

B 

L- O.l H 

A D 

6V 

Fig. 8.368 

69. The rate at which thc current through thc inductor increases 
initially is 
a. zero b.l0As-1 c.1As-1 

70. Current through Ihe 6 n resistor 
a. increases linearly with time 

b. increases non· linearly with time 
c. decreases non· linearly with time 
d remains constant 

71. The current through the inductor after a long lime will be 
a. zero b. infinite 

6 
c. -A 

13 

For Problems 72-74 

d. none of these 

A standing wave y - 2 A sin lexcos WI is set up in the wireAB fi xed 
at both ends by two vertical walls (sec Fig. 8.369). The region 
between thc walls contains a constant magnetic field B. Now, 
answer the following questions; 

x 

xxx xxx 
xxx xx x. 

A 
xxxx x x 

~x 

xxxxxx 8 
xxxxxx 
XXX XX X 

Fig. 8.369 

72. The wire is found to vibrate in the third harmonic. The 
maximum e.m.f. induced is 

a "4,,( A"',,l"'=
k 

n 3(AB)cu 

k 

c. 2(AB)cu d (AB)CU 

k k 
73. In the above question, the time when the e. m.f. becomes 

maximum for the fi u ttime is 

b. E c, 

'" 2w 
d. ~ 

4", 
74. In which of the fo llowing modes the e.m.f. induced in AB is 

always zero? 

a. fundamental mode 
c. second overtone 

For Problems 75-77 

h second harmonic 
d. fourth overtone 

In the given circuit, all thc symbols have their usual meanings. At 
1= 0, the key K is closed. Now, answer the foll owing questions. 

R, 

L 

c 
8 

Fig. 8.370 

75. At 1= 0, the equi valent resistance between A and B is 
a.R1+R2+ R3 b. Rl + Rl 
C. Rl + R) d. indelenninate 

76. At I ~ <><> , thc equivalent resistance between A and B is 
a.R I +R1 +R3 b.R1 +R2 
c. R J + R) d. none of these 

77. At any time /, O< I < oo(excludi ng the cases I ~ Oand t ~<><», 
Ihe equivalent resistance between A and B is 
a.R I +R2 +R3 b.R I+R2 
c. R I + R3 d. none of these 

For Problems 78-80 

A fa n operates at 200 V (d.c.) consuming 1000 W whcn running at 
full speed. Its internal wiring has resistance I n. Whcn the fan 
runs at ful! speed, its speed becomes constant. This is because the 
torque due to magnetic field inside the fan is balanced by the 
torque duc:;o air resistance on the blades of the fan and torque 
due tdRictlon between the fi xed part and the shaft ofthe fan . The 
clectricalltwer going into the fan is spent (i) in the internal 
resistance as heut, cal! it PI' (ii ) in doing work against internal 
fri ction and air resis tance produci ng heat, sound. etc., cal! it P2' 
When the coil of fan rotates, an e.m. f. is also induced in the coil . 
This opposes the external e.m.f. applied to send the current into 
the fa n. This e.m. f. is called back c.m.f., call it c. Answer the 
fo llowing questions when thc fa n is running at full speed. 

78. The current !lowing into the fan and the value of back e.m.f. 
e is 
a. 200 A,5V 
c. 5 A. 195 V 

79. The value of power PI is 
a. 1000 W b. 975 W 

80. The value of power P2 is 
a. J(XXX) W h 975 W 

For Problems 81- 83 

b.5A,200V 
d. I A, O V 

c.25W d.200W 

c..25W d200W 

Fig. 8.371 shows [I conducting rod of negligible resistance that 
can slide on a smooth V-shaped rail made of wirc of resistance 
I n tn-I . Position of the conducting rod at f= 0 is shown.·A time
dependent magnetic fi eld B = 21 tcsla is switched on at t = O. 
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Fig. 8.371 
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• 

• 
• 
• 
• dueting rod. 

fe • 
• 
• • 

81. The current in the loop at t = 0 due to induced c.mJ. is 
a. 0.16 A, clockwise h. 0.08 A, clockwise 
c. 0.08 A, anticlockwisc d. zero 

82. At I = 0, when the magnetic field is switched on, the 
conducting rod is moved to the left at a constant speed of 
5 em 5-1 by some external means. The rod moves perpen
dicular to the rail. At t = 2 s, induced c.m.f. has magnitude 
a.D. 12Y b.O.OBV c.O.04 V d.O.02V 

83. Following situation oflhe previous question, the magnitude 
orlhe force required to move the conducting rod at a constant 
speed of 5 em S·I at the same instant 1=. 2 S is equal to 
a.O. 16N h.O. 12N c. 0.08 N d.O.06N 

For Problems 84-86 

A massless rod AB of length 2£ is placed in a uniformly varying 
magnetic field confined in a cylindrical region of radius (R > l) as 
shown in Fig. 8.372. The center of the rod coincides with the 
center of the magnetic field. The rod can frcely rotate about an 
axis that passes through its center and perpendicular to its length. 
Two particles, each of mass m and charge q arc al1ached to the 
ends A and B of the rod. The t ime varying magnetic field in this 

cylindrical region is given by B = 8 0 [ I - &] where Bo is a 

constant. The magnetic field is switched on Ht time I = O. 

(Consider:Bo= IOOT,f=4cm,3... = 2Jl Ckg- I). 
m 1(){) 

Fig. 8.372 

84. The type of motion executed by the particle A is 
a. uniform circular motion 
b. non-uniform circular motion 

Faraday's Law and Lenl'S l aw 8.89 

c. pure ro tationnl mOlion 
d. none of the above 

85. Two neutral particles C and D of mass 2m each are placed 
on two diametrically opposite points as shown in the figure. 
Consider the following statements and choose the correct 
option. 

i. A will collide with CHnd B will collide with D 
ii. A will coll ide withD and B will collide with C 

iii. As magnetic force is a no-work force, so the energy of , 
the system wi\! remain conserved and is equal to -q-

8ff£Of 
iv. Considering the rod to be conducting, the magnitude of 

the potential difference between 0 and A is equal to the 
magnitude of the potential difference between 0 and B 

a. Statements (i) and (iii) are correct 
b. Statements (ii) and (iii ) arc correct 
c. Statements (i) and (iv) are correct 
d. Statements (ii) and (iv) arc correct 

86. The time after which A and B will collide with the 2m masses 
kept at C and D is 
a.I =ls b.2s c. 4 s d. 8 s 

For Problems 87- 89 

Two capacitors of capacitance C and 3C are charged (0 potential 
differcnce Vo and 2Vo• respectively, and connected to an inductor 
of inductance L as shown in Fig. 8.373. Initially the current in the 
inductor is zcro. Now, the switch S is closed. 

v, ~ Vo 

'I~-3C 

s 

c 

L 

Fig. 8.373 

87. The maximum current in the inductor is 

a. 3Vo (3C 
2 fT 

c. 2V. (3C 
'fT 

h Voff 

d. vo/f 
88. Potential difference across capacitor ofcapaeitanl.:e Cwhen 

the current in the circuit is maximum is 

a. Vo b. 3Vo 
4 4 
5V, 

o. 
4 

d. none of these 

89. Potential difference across capacitor of capacitance 3C 
when the current in the circuit is maximum is 

a. V, b. Vo 
4 4 

o. 
5V, 

d none of thcse 
4 
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8.90 Physics for I1T·JEE: Electricity and Magnetism 

For Problems 90-92 

In Fig. 8.374, there is a conducting 100pABCDEFofresistance A 
per unit length placed near a long straight currcnt-carrying wire. 
The dimensions are shown in the figure. The long wire lies in the 
plane of the loop. The current in the long wire varies as 1 = 10 (t ). 

A < • B 

I , 

F 

Fig, 8,374 

90. The mutua! inductance of the pair is 

a. -"-- b.--n ~ floal (2a+£) poa, (2a-e) 
2n: e 2% e 

d. J~aln((I; e) 
91. The c.m.f. induced in the closed loop is 

a. --I" -- b. --,,, --floloQ (2a+e ) /1o/oa (2a-£) 
2n: e 2n: e 

d. flO;O(/ln(a;f) 

92. The heat produced in the loop in time I is 

a 
[~~In(a;£yo rat 

42 
h 

[~f~ lneat£h r at 

82 

c. 
[~~o In(a; f }o r at 

.3'< 
d. 

[i~lneateYor at 
62 

For Problems 93-95 

Initially the capacitor is charged to a potential of 5 V and then 
connected to position 1 with the shown polarity for I s. After 1 s 
it is connected across the inductor at position 2. 

100.Q 2 

,~ 
E~ 10 V ~ L - 2.5mH 

Fig. 8.375 

93. The potential across the capacitor after I s of its connection 
to position I is 

a.5x103(2 +~)V 

c. 5x 103(J+~)V d. none of these 

94. The maximum current flowing in the LC circuit when the 
capacitor is connected across the inductor is 

n. (2-D xi04
A 

c. (l-~ ) x 104 A d. nOllC of these 

95. The frequency of LC osciHatiolls is 
a. (201 Tf) Hz h (211f) Hz 
c. (401Tf)Hz d (l7/1f)Hz 

For Problems 96-97 

A brillant student of physics developed a magnetic balance to 
weigh objects. The mass In to be measured is hung from the 
centre of the bar. Bar is kept in a uniform magnetic field of 1.5 T 
directed into the plane of the figure. Battery voltage can be 
adju_~ted to vary the current in the circuit. 'The horizontal bar 
shown is 60 cm long and is made of extremely light weight 
material. It is connected to tlie battery via a resistance. There is 
no tension in the supporting wires. The magnetic force only 
supports the hanging weight. 

A B 

--1 Variable j 51! 

supply T 

X X X X X ii X 
p Q 

X X X X X 

m 

Fig. 8.376 

96. Which point of battery terminal is positive? 

aA h B 
c. either of A or B d cannot be found 

97. If V= 150 V, what is the maximummassm? 

a. 1.3 kg h 1.8 kg c. 2.2 kg d 2.7 kg 

For Problems 98-100 

Consider two parallel, conducting frict ionless tracks kept in a 
gravity-free space as shown in Fig. 8.377. A movable conductor 
PQ, initia!ly kept at GA, is given a velocity 10 III S-l towards 
right. The space contains a magnetic field which depends upon 
the distance moved by conductor PQ from the GA line and 
given by 
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P 
,',-----:;--,-- - - -

8' 

@ 
R='IO I-- v 

() x 

Fig.tU77 

~ . 
B = cx (-k) ic= constllnt;:; I S.l. unitl 
The mass of the conductor PQ is I kg and length of PQ is I m. 
Answer the following questions based on the above passage. 

98. The di stance IrllveJJcJ by the conductor when its speed is 
5 m/S- I is 

a C;S)"J b c~rl 
C. (10)113 d none of the above 

99. The heat loss during the ti!lle interval I :::: 0 to time f seconds. 
when the speed orthe conductor is 5 m ;;- 1 is 
a. 501 b. 30 J 
c. [OJ d none of the above 

100. The w'a rk done by magnetic force acting on the conductor 
PQ during its Illotion in the time interval I ;:; 0 to I '" I seconds 
when the speed of condU!.: lor is 5 III ;; - 1 is 
a= hmJ eWJ d WJ 

Matching (olu~n . 
T '. ype ,'.9 . Soillfiolls OIl/lOge 8.141 

1. The switch S in the circuit is connected with point 'I for a 
very long lime. then it is shifted to posit ion b. '~hc result ing 
current through thc inductor is shown by curves in thc 
graph for four sets of values for thc resi~tancc Rand 
inductance L (givcn in column I). Which set correspond); 
with which cu rve? 

s 
b R 

IV 
11/ 

::--L= 

F ig. 8.378 

Fa raday's law and Lents L~w 8.9 1 

Column I O>Iumnll 

i. Ro and Lo aI 
ii. 2Ro and La hI! 
iii. Ro and 21..0 c. III 

iv. 2Ro and 24> dlV 

2. The magnetIc fu::ld In the cylindncal regIOn shown In 

Fig. 8.379 increases at i\ constant nlle of 10 .0 mT S-L . Each 
side of the square loop ahed and dcfCl has a length of 2.00cm 
:md il resistance of 2.0() il. Correc tly match the current i:l the 
wire (10 in four different si tuations a.~ listed in column I with 
thl! values gi ven in column 11. 

x x 

, X X ,I X X 
" 

I, X X 

I 
X X \ s, s, 

X X X X 

r " " X X X X 

X X 

Fig. 8.379 

Colwnnl Column 0 

I. The ,switch SI is closed a. 5 x 10-7 A,d to(l 

but S2 is open 

ii. S, is open but S2 is closed h 5 x 10-7 A,ato d 

iii. both S I and S2 are open c. 2.5 x IO-Hi\,dto(l 

, iv. b.oth S 1 and S2 are closed d . no current flows --
3. Match thc following column. 

LO unUlI Ullumnu 
--

i. Inductance of a coil a. Depends on resistivity 

ii. Capacitance h Depends on shape 

iii. Impedance of coil c. Depends on medium 
." , inserted 

.,. 
h-~ Reactance of a capllcitor d Depends on c l(tcrn:1I 

voltage source 

4. Fig. 8. 380 shows II metallic sol id block. placed in a way so 
that its faces arc p;u'alle! to the coordinate axes. Edge lengths 
along axes.l.", y and z are fI, h and c. respl:ct ivcly. The hlo<.:k is 
in a region of uniform magncti<: field of magn itudc 30 mT. 
One of the edge lengths of the block is 25 CIll. The blflck is 
moved lit 4 m ); - 1 parallel 10 each ax is and in turn, the 
result ing potellti al d irfcre nce V thm app~~ ars acro~s the 
block is measured. When tI"IC; motion is parnllclto the y-:!xis, V 
=24mV; with the motion para.lIct to thc z-axis, V::: 36 mY; with 
the 1110tion parallel to the x-axis, V c: O. Using the £: ivcn 
information, correctly match the dimcnsions of thc block 
with the v:l[ues given 
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8.512 Physics for IIT.J£E: f{Ktricity aoo Magnetism 

,. 

1 
b 

,. 

- _/ 

Fig. 8.380 

Column I ColwnnII 

I. a a 20crn 
ii.b b. 24cm 

iii. c c. 25cm 

be 
iv. - d JOan 

a 
5. Column I gives situauons 1Il\'(llvlllg a chafl!l..><.I pm1ld t: which 

Illily be ... :all;o ..... d under the l'onditinn f! iven in column II . 
Match the situutilms in clilumn J with the conditions in 
column II . 

ColwnnI ColwnnIl 

i. Increase in speed of a a. Electric ficld unif01m in 
charged particle space and constant in tim 

ii. Exert a force on un h. Magnetic field uniform i l 
electron initially ut rest space and constant in tim 

iii. Move a charged particle in c. Magnetic field uniform i 
a circle with uniform speed space but varying with 

time 
iv. Accelerate a moving d Magnetic field non-

charged particle unifonn in space but 
constant with time 

6. Column I shows the cylindrical region of mdius r where a 

downward magnetic tidd iJ cl(ists. where jj is increasing 

allhe ratc of dB. A rod PQ is placed in ditTerentcitatinn as ", shown. Mat.:h the ':l)IUllln I with the currl'Cl statement in 
col umn II rc~iJ rding the induced c.m.f. in flxl. 

Column I ColunmII 

a. Induced e.m.f. in rod 

. 1 2 dB 
PQIS -/ B-. 

2 d, 

ii. 
x x 

x 
if x x 

x x 
r X x x 

iii. 
x x x 

x x x -, 
B x x , 

x x 

x x x 

Iv. 
x OX x 

x , , 
ii x x ~~ .. -.. -

x x x x 

, x x x 

p 

p 

---

Q 

----- p 

h Induced e.mL in rod 
PQ is less than 

!.. ,2{}dB . 
2 d, 

c. End P is positive with 
respect to point Q. 

d End Q is positive with 
respect to point P. 

7. A uniform but time varying mil!!nctic field BIf) ex ists in a 
cylindric",1 region of mdi lls" lmd is directed into the plane 
or the puper, ilS shown in Fig. !LlS I. The magnetic field 
decrellscs lit II constant nile inside thc region. If r is the 
dblanl'~ from the ax IS of the cyl indricul region then match 
l'olllllln It(ll'olumn II. 

fig.8.3M I 

Column I CoIwnnD 

i. Induced electric fie ld at a. Directed along 3 
point A 

ii. Induced electric fi eld at b. Directed along I 
point B 

i ii . Force on lin e lectron c. Increases as r 
placed at point A 

iv. Forcc on an electron d. Decreases as II,. 
placed at point 8 
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8, Incolumn I some circuits are given. In al l the circuits except 
in (i) , sw itch S remains closed for lung time ,mrJ then il is 
opened at t = 0 while for (i). the situation is n!verserJ. column II 
tells something about the L"in;uil I.juantitil!s. Match the 
entries of column I wi th the entries of ctlumn II. 

Column I ColumnU 

;, a. Induced e.m.f. can be 
L greater than E. R 

S/ _ 

" E 

ii, b, Induccd e.m.!". would be 
L less than E. 

• 
t

S 

I 
" iii, c. Finally, energy stored in 

L inductor is zero. 

R 

t
S 

I 
" ... / d Finally, energy stored in 

' ''T' S inductor is non-zero. 

• 
" 

" 9. A rectangular loop of wirl!" with di mensions I and h has N 
turns :md <I total resistance R. The luop Illo ... es with conSlant 
velocity (mm Ail 10 PQ in a regioll Il l" uniform magnctk 
fie ld as shown. Let x oc Ih{" dislan{"{" of A H from PQ. 

I, 2" 

"' ig, 8,382 

wlwnnl W lUmnu 

Flux linked with the loop E.mJ. induced in the 100 
i.D<x<h, BNlx a. Bl/ i N 

Ii. b<x<2b,BN(b h O 
iii. 2b < x < 3b, BNt(3b - x) c. -BI/(N 
iv.x>3b d. BvN 

10. MagnetK" nux In a l' l rcular (:\11 1 or rCslstan..:c 1(1 n dWllges 
with li me as shown in Fig. iUK.l Cross indinlles a direclion 
perpendicular 10 paper illwarlh. Mnll'h Ihe fll liliwing. 

Faraday's Law and Lenis Law 8.93 

; 

1U ".,,-,- --, , 

.. )1) 

-".. --+~;;;---c;o~~ 2 .- Ii 8 : \0 14: 16 

: ..... _._ .. _ . __ ._ .. ___ '-_ __ 'y 

xxxxxx 
x x 

x 
xxxxxx 

Fig 8 383 . . 
Colwnnl Column II 
j, At I s, induced current is a. Clockwise 

ii. At 5 s, induced current is h Anticlockwi~ 
iii, At 9 S, induced current is c, Zero 
iv. At 15 s induced current is d 2A 

11. A conducting loop IS held In a mag.netlc ficld su(:h that the 
licld is oriented perpendicu lnT \0 the area of th~' loop as 
shown in Fig. IU84(a). At lIny instanl mag.netic tlux density 
over the entire <lrea has the same ... alue but il ... aries with time 
as shown in Fig. 8.384(b) . 

~""'-

H (positive din:cliCln of fiet rl ) 

,,, 

I~ /1 I~ 

I, 
·--r--·-.-_·_-....... --r7-1 

: : .r<-:' ~ 
, . .' 120'" t"J : ___ . __ 3 

CoIwnnl 

(h) 

F'ig.8,384 

1. Induced current in the coil 
is in the clockwise sense 

ii. Induced current in the coil 
is in the anticlockwise sense 

iii. Induced current is zero 
iv. Induced current is maximum 

ColwnnU 
a. For '2 < I <I) 

b. Fori} < I < 14 

c. For'5 < 1 < '6 
d.Fort4 < 1,::t, 
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8.94 PhY"ics for IIT.J£E: Ettctlicity ilod M~gnttism 

12. Let .\' '" EIB.y = ~ 1 and z = _,_ where in length Rand 
110Co RC 

C arc resistance and capacitance, respectively. 

Column I ColwnnU 

i. x and)' have same a. MOL~I 

dimensions as 
ii. )' and z have same h MOLr1 , 

dimensions as 
iii. z and .x have same c. MLl- 2 

dimensions as 
iv. r,OllC of the pairs has d MLz.r-2 

same dimensions as 

13. A l r.une ABCD IS rotatmg wIth the angular velocIty w about 
an pa~s ing through the point 0 perpendicular to the plane 
of papcr as shown in the Fig. 8.385. A unifonn magnetic field 

ij b appl ied into the plane of the paper in the region a~ 
shown. Match the fo llowing. 

( 
® 

D

j 
I, L 

j ru j 
8 a c - L - L -

Fig. 8.385 

ColunmI Column U 

i. Potential difference a. 7.cro 
between A and 0 

8 {t)L2 

i i. Potential difference h--
between 0 and 0 2 

iii. Potential difference c. Bcd} 
between C and D 

iv. Potential difference d constant 
between A and D 

.,. 
l4. fIg. R. 386 shows two coaxml cOl is M and N. Column I IS 

regarding some operations done with co il M and column II 
about induced current in coil N. 

R .• ""mu
8 '1 --/ 

E S 

1<'lg.8.386 

Colwrull 

i. Just after the switch S is 
closed I 

ii. Switch S is opened after 
keeping it closed for a 
long lime. 

iii. After the switch S is d osed 
for a long time 

iv. Just after the switch S is 
closed while moving M 
away from N 

Fill in the Blanks Type 

Colwnnn 

a. Current is induced from 
A toB 

h Current is induced from 
BtoA 

c. No current is induced 

'd Current is induced either 
fromA to BorfromB 
loA 

So/wiQns Oil page 8. 143 

I. A uniform ly wound sole noi da l coil of se lf· inductance 
1.8 x 10"" henry and resistance 6 Q is b.-oken up into two 
identical coils. These identical coils are then connected in 
pamllel across a 15 V battery o f negligible resistance. The 
time constant for the current ill the circuit is __ _ 
seconds and the stcudy state current through the battery is 
_ _ _ amperes. (liT .JEE, 1989) 

2. If Co and Po are, respectively, the electric permittivity and 
magnetic permeability of free ~pacc. c and)J ure corresponding 
quantities in a medium, the index of refraction of the medium in 
tenns of the abovc parameter is (OT·JEE. 1992) 

3. In a straight conducting wire, a const<lnt current flowing from 
left to right due to a source of e.m.f. When the source is 
switehed off. the dire<:t ion of the induced cur,'ent in the wire 
will be ___ . (UT·JEE,I993) 

4. The network shown in Fig . 8.488 is part of a complete circuit. 
(f at a certain instant the current (I) is 5 A, and is decreasing 
at a rate of lOs Als then V H - VA = -Y. roT.JEE, 1997) 

I 
' o--wM--I~H 

I n I ~V 5 ",rr 

Fig. 8.488 

True or False TYPE 

I. A coil o f llIet,lI wirc is ke pt stat ionary in <I nnn-uniform 
mugnetic field. An c .m.f. is induced in the l.·o il. 

(U'f·JEE,1986) 

2. A conducting rod AB moves parallel to the .I'-a )( is in a unili lTIll 
magnetic licld pointing in the positive !-dircCli utl. The end A 
o f thc rod gets posi ti vely char!!-ed. (UT-JEE. 19871 

r 

0 
8 

0 0 

0 y@ 0 

0 ' 0 0 
() x 

Fig. 8.489 
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Single Correct AnswIf Tpye 

1. A conducting square loop of side L and resistance R moves 
in its plane with a uniform velocity v perpendicular to one of 
its sides. A magnetic induction B. constant in time and space, 
pointing perpendicular to and into the plane of the loop exists 
everywhere. (IIT.JEE,1989) 

I ®®® 

0-' ®®® 
Fig. 8.490 

The current induced in the loop is 
IL BLvlRclockwise h BLvlRanticlockwise 
c. 2BLvlR nntielockwise d zero 

2. A thin circular ring of arenA is held perpendicular to a uniform 
magnetic field of induction B. A small cut is made in the ring 
and a galvanometer is connected across the ends such that 
the total resistance of the circuit is R. When the ring is 
suddenly squeezed to zero area. the charge flowing through 
the galvanometer is (lIT.JEE, 199!) 

BR 
&

A 

c. ABR 

2' A thin semicircular conducting ring of radius R is falling with 

i is plane vertical in horizontal magnetic induction 8. At the 
position MNQ the speed of the ring is V. and the potential 
difference developed acros5the ring is (llT.JE~ 1996) 
& zero 
b. BVtrR2/2 and M is at higher potential 
c. 1rRB V and Q Is at higher potential 
d 2RBV and Q is at higher potential 

II II II II 

i 
J{ I( I( II 

Fig. 8.491 

4. A metal rod moves at a constant velocity in a direction 
perpendicular to its length. A constant uniform magnetic 
field exists in space in a direction perpendicular to the rod as 
well as its velocity. Select the correct statement(s) from the 
following: (lIT .JEE, 1998) 
a. The entire rod is at the same electric potential 
h There is an electric field in the rod 
c. The electric potential is highest at the cenlre of the rod and 

decrca.~e towards its ends . 
d The electric potenti al is lowest at the centre of the rod and 

increases towards its ends 

Faraday's Law and Lents Law 1.!l5 

5. A small square loop of wire of side /. is placed inside a large · 
square loop of wire of side L(L » /.). The loops are coplanar 
and their centres coincide. The mutual inductance of the 
system is proponional to (nT.JEE,l998) 
a. /.I L h f 21L c, Lit d L2//. 

6, Two identical circular loops of metal wire are lying on a table 
without touching each other. Loop·A carries a current which 
increases with time. In rcsponse. the loop-B (DT'JEE,I999) 
a. remains stationary 
h is attracted by the loop A 
c. is repelled by the loop A 
d rotates about its CM with CM fixed 

7. A coil of inductance 8.4 mH and resistance is connected to a 
12 V battery. The current in the coil is 1.0 A at approximately 
the time (nT.JEE, 1999) 
a.SOOs h2Ss c.35ms dims 

8. A uniform but time-varying magnetic field B(t) exists in a 
circular region of radius a and is directed into the plane of the 
paper. as shown. The magnitude of the induced electric field 
at point P at a distance.r from the centre of the circular region 

. (fiT .JEE.20(0) 
8(/) 

x 
x 

x 
x , x x 

x 0 
x x 

x x x x 
x 

FIg. 8.492 

p 

x 
x 

x 

a. is zero h decreases os Il r 
c. increases as r d decreases as II? 

9. A coil of wire having inductance and resistance has a 
conducting ring placed coaxially within it. The 90il is 
connected to a battery at time t = 0, so that a time-dependent 
current I !( t) fitarts flowing through the coil. If 12(1) is the 
current induced in the ring, and BW is the magnetic field at 
the axis of the coil to 1.(1}. then as a function ohime (t > 0). the 
product/2(t)B(t) (DT.JEE,2000) 

a. increases with time h decreases with time 
c. does not vary with time d passes through a 

maximum 
10. A metallic square loopABCD is moving in its own plane with 

velocity v in a uniform magnetic field perpendicular to its 
plane as shown in the figure. An electric fi eld is induced 

(Iff.JEE, 20(1) 

• • • • •• A B 

• • • 
• • y. - '" • • •• 

D C 

• . , • • • 
Fig. 8.493 

, 

., 
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8.96 Physk$ for ItT-JEt: Electricity "nd Mag neti sm 

a in AD, but nol in BC 
c. neither inAD nor in BC 

b. in Be. bul not in AD 
d in both AD and Be 

It. Two c ircular coils can be arranged in any of the three 
situations shown in the figure . Their mutual inductance will 
b" (Irr-JEIl,200I) 

= 0 
c ::> c :::> c :::> 0 

(il ( ii) (i ii ) 

.lg.8.494 

a maximum in situalion (i) b. maximum in si tuation (ii) 
c. maximum in situation (iii) d the same in all situations 

12_ As shown in rig. 8.495, P and Q are two coaxial conducting 
loops separated by some distance. When the switch S is 
closed, a clockwisecurrcnt I p nows in P (as seen by E) and an 
induced current I QJ nows in Q. The switch remains closed for 
a long time. When S is opened, a current 1Q2 nows in Q. Then 
the direction IQt and IQ2 (as seen by £) are (IlT~JEE,2002) 

p 

n Q 
E 

-+---1+-- 0 

B .. " ry V S 

Fig. 8.495 

a. respectively clockwise and amiclockwise 
h both clockwise 
c. both allliclockwise 
d respecti vely anticlockwise and clockwise 

13. A short-circuited coil is placcd in a lime-varying magnetic 
fie ld. Electrical power is dissipated due to the current induced 
in the coil . If the number of turns wefC \0 be quadrupled and 
the wire radius halved, the electrical powcrdissipalcd would 
be (DT-JEIl, 2(02) 
a. halved b. the same 
c. doubled d quadrupled 

14. When an H.e. source of e.m.f. sine l OO t) is connected acros~ 
a circuit. the rhHse difference between the e.m J. e and the 
current i in Ihe circuit is observed to be 1r/4. as shown ill 
Fig. 8.496. [fthe circuil consiSIS possibly only of R-C or R
L or L-C in series. find Ihe rclalionship belween thc two 
e lemenls. (IlT-JEE, 2003) 

i " 

Fig. 8.496 

, , , 

a. R= I k11, C= IOj.lF 
c. R= I kfl,L= IOH 

b. R= I kfl,C= I J.lF 
dR=IHl. L=I H 

IS. A small bar magnet is being slowly inserted with constant 
velocity inside a solenoid as shown in Fig. 8.497. Which 
graph best represents the re lationship helwcen e .m.r. 
induced with time (ll'C-JEE,2004) 

rr f'n rf' 

II I II I I 
Fig. 8.497 

C. II1 .f. c.m.f. 

Time Time .. b . 

C.111 .f. c.m.f. 

,. d_ 

Fig. 8.498 

16. An infinitely long cylinder is kept parallel 10 a unifonn magnetic 
field B directed along positive z-a1tis. The dire<:lion of induced 
current as seen from the z-axis will be (fiT -JEE, 2005) 

& rero 
b. amiclockwise of the +ve z-81tis 
c. clockwise ofthe+ve z-axis 
d along the magnetic field 

17. Fig. 8.599 shows certain wire segments joined IOgelher 10 
form II coplanar loop. The loop is placed in a 'perpendicular 
magnetic fi eld in the d irectio n going into the plane of the 
fi gure. The magnitude o f the fie ld incrcm;es with time. I I and 
'2 are the currents ill the segments ab and elf. Then, 

x x x x x X x x x 

x x 

x x 

X X 

x x 

a/l > l ! 
h /l</~ 

a X X X h 

x X X 

X X X 

Fig. 8.499 

x x 

x X 

x x 

(UT-JEIl, 20(9) 

c_ II i~ in the direction ha and I.! is in the direction cd 
d ' I is in the direction 11/1 lind I ~ i~ illth..: direction {/(; 
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Multiple Correct Answers Type 

1. L, C and R represent the physical quantities inductance, 
capacitance and resistance, respectively. The combinations 
which have the dimensions of frequency are 

(IIT-JEE,1984) 

a. IIRC h RIL c. 1/ JLC d GIL 
2. A conducting square loop of side L and resistance R moves 

. in its plane with a uniform velocity v perpendicular to one of 
its sides. A magnetic induction B. constant in time and space, 
pointing perpendicular and into the plane of the loop exists 
everywhere (IIT-JEE,1989) 

Iolg.8.500 

The current induced in the loop is 
a. BLvlRclockwise h BLvlRanticlockwise 
c. 2BLviR anticlockwise d zero 

3. Two different coils have self-inductances LI = 8 mHo The 
current in one coil is increased at a constant rate. The current 
in the second coil is also increased at the same constant rate. 
At a certain instant of time, the power given to the two coils 
is the same. At that time, the current, the induced voltage and 
the energy sLOred in the first coil are ii' VI and WI' 
respectively. Corresponding values for the second coil at the 
same instant are ii' V2 and W2, respectively. Then 

(IlT-JEE, 1994) 

c. W2 = d V2 =4 
WI 4 VI 

4. A small square loop of wire of side e is placed inside a large 
. square loop of wire of side L(L» n. The loops are coplanar 
and thcir centr!'!s coincide. The mutual inductancc of the 
system is proportional to 
a. elL h f 21L c. Lie 

(IlT-JEE,I998) 
d L2/t 

5. The S.1. unit of inductance, the henry, can be written as 
(IIT-JEE,I998) 

a. weber/ampere h volt-second/ampere 
c. joule/(amperep d ohm"sccond 

6. A field line is shown in Fig. 8.50 I This field cannot represent 
(IIT-JEE,2006) 

Faraday's Law and Lents Law 8.97 

Fig. 8.501 

a. Magnetic field h Electrostatic field 
c. Induced electric tield d Gravitational field 

7. Two metallic rings A and B, identical in shape and size but 
having different resistivit ies p,., andpD' are kept on top of two 
identical solenoids as shown in Fig. 8.502. When current I is 
switched on in both the solenoids in identical manner, the 
rings A and B jump to heights hA and hn, respectively, with 
h,., > hn. The possible relation(s) between their resistivities 
and their masses inA and mn is(are) (IIT-JEE,2009) 

A 

Fig. 8.502 

a. PI> > PB and inA = IIIIJ 
C. PI> > PB and inA > mIJ 

Assertion-Reasoning Type 

Mark your answer as 

hplL< PBandm,.,=mn 
d PIL <Pn and mA <mB 

a. Statement I is true, Statement II is true; Statement II is a 
correct explanation for Statement I. 

h Statement I is true, Statement II is truc; Statement II is NOT a 
correct explanation for Statement I. 

c. Statement I is true. Statement II is false. 
d Stntement I is false, Statement II is true. 
t. Statement I: A vertical iron rod has coil of wire wound over 

it at the bottom end. An alternating current flows in the coil. 
The rod goes through a conducting ring as shown in the 
figure. The ring can float at a certain height above the coil. 

Fig. 8.503 

Statement II: In the above situation, a current is induced in 
the ring which interacts with the horizontal component of 
the magnetic field to produce an average force in the upward 
direction. (IIT-JEE,2OO7) 
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8.98 Physics for JIT·JEE: Electricity and Magnetism 

Compl'fhension Type 
For Problems 1-3 
In the given circuit the capacitor (C) may be charged through 
resistanceR by a battery Vby closing switch SI' Also, when SI is 
opened and S2 is closed the capacitor is connected in series with 
inductor (L). (llT·JEE,2006) 

v 

R 

, 
FlA. 8.504 

1. At the start, the capacitor was uncharged. When switch SI is 
closed and S2 is kept open, the time constant of this circuit is t. 
Which of the following is correct. CV 
a. After time interval t, charge on the capacitor is -
b. After time interval 2-r, charge on thc capatitor of 

CV(I_e-1) 

c. The work done by the voltage source will be half of the 
heat dissipated when the capacitor is fully charged 

d After time interval 2r, charge on the capacitor is 
CV(1- e-I ) 

2. When the capacitor gets charged completely, SI is opened 
and S2 is closed. Then 
a. at t = 0, energy stored in thc circuit is purely in the form of 

magnetic energy 
b. at any time t > 0 current in the circuit is in the same direction 
c. at t > 0, there is no exchange in the circuit is in the same 

direction 
i:l at any time t > O. instantaneous current in the circuit may 

bevJf 

3. Given that the total charge stored in the LC circuit is, the 
charge on the capacitor is 

& Q = Qocos(~+ k) 
d'Q 

c. Q=-LC-, 
dt 

For Problems 4 - 6 
Modern trains arc based on Maglev technology in which trains 
are magnetically levitated, which runs its EDS Maglev system. 

There are coils on both sides of wheels. Due to motion of the 
train, current induces in the coil of track which levitate it. This is in 
accordance with Lenz's law. If trains lower down then due to Lenz's 
law, repulsive force increases due to which train gets uplifted and if 
it goes much higher then there is a net downward force due to 
gravity. The advantage of Maglev train is that there is no friction 
between the train and the track, thereby reducing power 
consumption and enabling the train to attain very high speeds. 

Disadvantage of Maglev train is that tiS it slows down the 
electromagnetic forces decrease and it becomes difficult to keep it 
levitated and as it moves forward according to Lenz's law there is 
an electromagnetic drag force. (nT'JEE, 20(6) 
4. What is the advantage of this system? 

a. No friction hence no power consumption 
b. No electric power is used 
c. Gravitation force is zero 
do Electrostatic force draws the train 

5. What is the disadvantage of this system? 
a.·,Train experiences upward force according to Lenz's law 
b. Friction force creates a drag on the train 
c. Retardation 
do By Lenz's law, the train experiences a drag 

6. Which force causes the train \() elevate up? 
a. Electrostatic force 
h Time varying electric field 
c. Magnetic force 
do Induced electric field 

ANSWERS AND SOLUTIONS .====== 
Subjective Type 8 

1. 

(b) 

y 

Fig. 8.387 

The magnetic field at point P [Fig. 8.389 (b)] is 
(. ) 

Fig. 8.387 (Conrd. ) 
B= flo i 

2;r ~l+Z2 
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The magnetic flux through the shaded strip in Fig. 8.387 (a) is 

dtp= (Wdz) J.1o +sinB 
21Z' vl+ Z2 

where sin (J ~ Z 
y2+Z2 

,', total magnetic flux through rectangular loop is 

8= J Po in sin (J)f ~zdz 
o2;r 'l+z~ 

= &wln[l~L2)ioSin OJt 
4~ Y 

:. induced e.mJ. in the loop is 

d¢ jJ [L'+") e= _=_0 ioWwcosOJtln --i-
dr 4;r y 

"" f.io1oW<v cos Wf I (L' ) 
j"= n -+1 

41l' / 

dB 
2. a. - =3mTs-1 

dt 
, 

11 - 0.1 m 

___ Tlt'---.. 0 B 

h y 

Fig. 8.388 

The flux associated with one loop iny-z plane. 

JU
2 B 

¢= -4-

d¢ lrr2 d8 llxlO- 2 
E=-=--= x 3xlQ-3 

dl4dr 4 

E= 
3ax 10-5 V 

4 
b. Direction of current is clockwise (c --+ b) 

3. ,= 8.A =80 (1 + j). A' (i+ J+i) 
where A' is area of one segment . 

=2R2 +lr~2 =R2(2+1r~2) 
¢= BoA' + BoA' = 2BijA' 

diP = It:l= 2A' dB 
dt dr 

Faradays Law and Lents Law 

y 

R 

Wi 
2R 

Z R " 
0 

Fig. 8.389 

The current flows from Qta R to P to Q. 

Q~R~P~Q. 

4. a 

---------------- -.---.- . .. ... -... ~ 

,. 
l 

VI : , ______ __ _______________ _____ ____ 2 

Fig. 8.390 

Equivalent circuit: 

e' ''' €-2V1 

Fig. 8.391 

Ene! = 4B(f-2vl)~' 

EnOl = 4BvC£- 2vt) 

b.l= Ene! = 4B£v 
4r 4A.t' 

=> 1= Bv 
A 

c. Force required on such wire = Ie' B 

B', 
Force= T(£-2vt) 

d:Total force required to maintain constant velocity 

= Pele =4 x Ex I = Eno! xl 

Bv 4B2v2 

= 4Bv(t'-2V1)XT'= - ,!-(t'-2vt) 

Mil 
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S.100 Physics for IIT-JEE: Electricity and Magnetism 

e. Thermal power developed in the circuit 

Blv' 
= 4/2r=4/2},,(f -2vt) = 47 ..1,( t -2vl ) 

4B2v2 

Thennalpower = -J-(t - 2vt) 

S. Equivalent circuit: 

E=8(2\'1)\' 

'" ..f2 VI A 
(2vI,\) .J2",./ 

",~", 
-~~ 

6. a. 

, 
, 

Fig. 8.392 

1= B(2vl)v 
2JivT A+2vr A 

B, 
J = '(~ ",---,) = constant 

I ,,2 + I 

B 

Fig. 8.393 

/;, 
CD 

Now flux through loop (I), ¢I = Ba2 sine 
Flux through loop (2), ¢z = Ba2 eose 
e.mJ. induced in loop (I), 

EI = lirA = (2nv) Bo cos (2JlW) (/2 cos e 
dl 

e.m.!'. induced in loop (2), 

d¢~ 2 . E2 = -~ = (21lV\ Bocos (2Jlw11l Sin e 
dl 

:. Net induced e.m.!' .. Eliot = EI + E~ 
= (2nv) flo cos (2m·t){/~ (cos B+ sin fJJ 

= (120m (1.2 x Ilr.l) cos ( 120mJ(O.01 I 

B 

x lcos e+ sin fJ) 

= (1.44/rx i 0- ') cos (120 m)(cos e+ sin ()) V 

b. e.m.f. will be maximum when cos e+ sin BhHS max imu m 
value. 

B= !!.. 
4 r (.9) = - cos B- sin e 

(as 0 $ BS 2m 

7, 

,. Bis point of maxima 

,. At B= 1[14, the inducede.m.f. is maximum. 

dl3 
= -k 

dl 
, , , , , , 

, , , , , , 
, , , , , , 
, , , i ' e 

, 
, , t, , 

I , , , , 
, , 
, , , , , , , , 

Fig. 8.394 

-d¢ 2 dB 
<=--=-Jm-

dl dt 
a. When capacitor is fully charged, charge on capacitor is 

40=C8 

R 

o 
Fig. 8.395 

'II) = 1[(12 Ck 

b. The upper plate of capacitor is at a higher potential. 
c. As the area of the loop is constalll when the magnetic 
lield decreilses, there is a change in the flux associated with 
the loop, Hence, an induccd e .m.L is developed in the loop 
which acts in H direction so HS to restore the change in flux. 
This induced c.m.!'. acts as a current in the loop which 
rotates in the separation of charges. 

8. f=O.1 III ;IJ=2 t2 

, , , 
• , 

I' 
, 

" I-, , , , , , , , , , 
" , " ',0/ 

, 
, >< , , 
,Y , 

, y '.', • , , 'D e' 

Fi~. 8.396 

Consider it circular region of radius 1"/2 and I.:entre ilt O. i.e., 
CCllIrc the squHrc loop. 
COIlt:,.VlJC 
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1£ I ~ d¢l!JJ)f)c '" (2, 
t:.O/X· ~ dr 

Thc c.m.f. (.:omribution of radia l components OD and OC is 
zero. 
Hence FWD(' '" Plil" p. [) . I)C 

" .• ~ 

" 
Voc = J Eoc ·dF 

c 

2r2 = E/)< 

I:· Ene is countlls I I compound of 
electric field is wnstant m:ross DCI 

Ej)< '" 2e => til{' = 0.2 N (-I 

9. a. If angular velocity'" constant 

Ei= Bmf~ 
2 

F /) '11= /jx"2 

FII = IhU 
II h~ '8= IhBx - =IB - · 
2 2 

""'I = 0 => 
h IBb~ 

mg cos fix - = - _., 
J 2 

111M cos (J"" IBh 

(J= an 
111M cos 0)( 

'" Bh 

'-----j>, 
Fig. 8.397 

(F -Eilld) 
1:1, R = I: E= f,'; ' ~1 + IR 

f _ BaJb~ . 
,nc! - ") 

10. a. Mugnl,'tic nux passing through thl' position when (hI,' loop 
hilS rotated oy an angle ¢ 

t 

, 

,.·ig.8.398 

II. 

Faraday's Law and Lenz's Law 8.101 

¢m"g= BL2 cos ¢ 

d¢ ,. d¢ 
lel= -=BL' sln¢ -

df til 

1(' I = BL~~in¢l(() 

Curre nt through the loop, I = lei = 
R 

"~'I = 

h. T''''I = fa 

'"" 6M 12(!)H~ I.' . , -' = - cos!p- SIn'dJ 
I 5L 5mR 

a" 
c. Longer. heclluse otherwise induced e.m.!". \lppOSI,'~ the 

motion of the loop. " 
d No. hecause some energy will convert inlo henl due to 

!low of current. 

t - 81, · 

'---11----1 

R 

(al '" «'ig.8.399 

Lei \' be the speed of the nx!' at any line. Thcn the equivalent 
and free hody di.tgrams of rod arc shown in Fig . 8.399. 
Applying Newton's second law to the rod. 

Wher~' 

mdt, 
-- = -(111M + Bif) ", 

HI\" 
i = -

R 
From eqU<ltillns (i) and (i i ) 

mcfF ( B~ f2t'l 
-~= - I11g+ " ... 
cll k 

Integrating oct ween proper limits we gel. 

, 
J - .I, 

" 
/J~I :" 

mX+ _ ... 
f::: II~R, 1'/1 R 

Wf- IIIX 

(i) 

Oi) 

12. The rate of cie<.:lri<.:al energy o:on~lIllled in the hulh = rate of 
loss of gravitat ional Pl:'llfthe mass = II1XV = JOO W. Hence M 

100 
= lOx 10 = I kg. 
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8.102 Physics for lIT·JEE: Electricity and Magnetism 

13. q 

~lr~' 
111,1(" Br" R 

"1101.8.401) 

By Newtlm's law. mx ,- UB 

til' 
= 11/ -

d, 

, " ByKVLBlv=IR+ _. 

" 
Differentiuting (ii) w.r.t. time. we get 

ill' IIi 
BI ··_·=R····+ · 

dr ,II,. 

Eliminating !ll ' by (i) and (iii). we get 
d, 

,,, [ Iii i] mg··ilB= _ R·· .. +·-
Bf dl,' 

=> mx Be- iB2J'l=m 

R
di

+
mi 

dl C 

J '" h ' h di 0 U h" WI CI1lHX!lll11lll wen ,_. = . set lsm(iv) 
d, 

IIIgB!!'= iIB1"l c +ml 

. mgBJ:c 
Inc" = , 22 

m+B e c 

14. fEdi = ."11 dB 
d, 

15. 

AsH= 17+(o,2ISlIl«(()/+,f!}: 

H(2Rr) = --Rr! m .2)a) cos (/VI + I/J) 
, 

t·= - -~ lil .2)((}t:IlS (a)1 + ,f!l 

, 
M<lgni!uLie II] !he amplitude = -2 (0.2) W = 240 mN/C 

/ / 

1
/ : .' , ' .. , ' . . 

\ 

'0" "' \ r " . , 
, , , , , , 

, , 

Fig. 8.401 

(i) 

(ii) 

(iii) 

(iv) 

The magnetic field inside i~ only due to the n ment of the 
innercylindcr. 

B= i!JL 
2m 

Magnetic field energy density is not uniform in the space in 
between, the cylinders. At a distance r from the centre, 

B2 ~ 
Un= -= 

2/olo 811'2r2 
Energy in volume of element (length f) 

/ol j2 Poi 2 f dr 
dUB = UndV= ~ (2nri)dr=---

811'2r' 411' r 

V
B
= /olj/ifb dr = /loi

2
1 ill!!.. 

411'r4Jta , 
Using values. we get 

V= 140nJ 

16. Considering JoopADFEA 
I/J= I x I xB-?tp=B 

lel=dl/J=dB~IV 
dt dt 

1m 
A • E • 

ISm 

0.23 A 1/6A 

8(9 
O.25A 

0.25 A 

o • 
'm 

Resistance of loop is, 

.~!!.. = 1 Ts- I 

d, 
R= 4/lx I 

J/6A 

'm 0.25 A 

116A 

• F 
0.5 m 

Fig. 8.402 

• B 

1/6A 

.. C 

= 4 n resistance per unitlength,p= I Q m-I 

current is i~ ::0.25 A = ..!:. A in antic1ockwisedirection. 
4 

Considering loop BEFeB 
1 , 

tp= I x -x B=-B 
2 2 

di/J 1 dB 1 
lel= -= -- :=-·V 

ell 2dr 2 
Resistance (If loop is, 

R= 2/l( I +~) = 3r :: 3Q 

1 
current in loop is i) = ... A 

6 
Applying superposition of Joups to get the original loop. 
H.ence. current in AE is 0.25 A from E toA 

current in BE is } A from B to E 
6 

current in l;J' is _L A from Fto E. 
12 
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17. a. ¢= J.JOibln(li+a)_J.Joibln(J.J+U+d) 
2n (I 2n l u+d 

¢= II,'; b In( la+d)(b+a)) 
211' a(b+a+d) 

,= d¢ =i'i'.ln ( la+d)(b+a) )d; 
dl 211' a(b+a+dJ dl 

b. as di >0 the direction of induced current is clockwise 
dr 

:. Force on the loop will be away from wires. 

18. a. Suppose the magnetic field is into the plane of the page. 

B® 
l ' 

, !, 

Fig, 8,403 

After time I, me length of each side of the square is J = a + 2 V I 

area of square, 

['2= (u+2t.d 

= (a2+4u~/2+4avt) 

¢= BIz = &2 +4Bv!t2 + 4Bu Vt 

leI= d¢ =8Bv2t+4Bw=4Btf(2t+a) 
dr 

e= 2Bv(u + 2vt) 

Hence, e.m.f. is time·dependent. 

b, The e.m.f. and resistance bOlh are time dependent, but at 
any time I the resistance of loop is p(a + 2vt), where f1 is 
resistance per unit length of wire 

19. a. 

e 2Bp . 
i = - = - - , current 1 .~ cunstant 

R , 

F, oe, = f ' - IdB 
~""" """ "" "." "". 

1 IdB 

T~_ ........ .. .. .. . 
Fig, 8,404 

20. 

Faraday's Law and Lents Law 8.103 

b. At the .~tage of terminal velocity 

2 2 
S(l vr =F: 

R 

J' "_~_J'dr 
2 2 -

UF _ B d I' om 
R 

[ . ',r', 1 RF ----
\' = _, _ I_ I! ... It 

S,(/2 

2 .. .o' 2 
" "C ~ 

" 
, 

" , 
10 , , 

'" 
• 
, 

~H 

, 

Fi~. 8.405 

The induced c.ll\.f. in hXlp AUHf'(j 

, 

, 

, 

d dB = - (BAJA- = 2x IO =20 V 
dl til 

J 

10 

,. 

G 

• 
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Physics for IlT·JEE: Elect~clty and Magnetism 

\e induced e.m.f. in loops 8CDH and DEFH 

I x 10= IOV, 
ilL in top left loop, 

10 - (y -z) + (x- y)-2y=O 
x-4y+z= -to 

'L in right loop, 
(i) 

10- 2 - (x -y) - (x-z) = 0 
-4x+y+z=-tO (ti) 

!quations (i) and (ii) it is seen thatx- y = 0 ~ no current 
IH (This can also be seen by symmetry) 
. makes solution very simple, now the circuit is 
Imevs=OandvF=v, 

v+20 v-20 v-O 
--+--+-- =0 
44' 

v=O ~ no current in FB, 

:ircuit is 

r--WWv-~E 

i--'lhW'v--i ,. 

te of heat production = (40)218 = 200 W 

re not able to observe the symmetry or decide 
0, then write KVL in the lower loop, It will be 
oX = -20 (iii) 

i). (ii) and (iii) you will getx = +S,y = S, z = SA. Heat 

., 
£ 

, closed, current in inductor remains i = 2R 

'L+ £;;1 = 2~ (VI = ~:) 
. Id·l·f V 2£ £ IU I erencc( )=£-- =-:- ~ 

di 2£ di 2£ 
L - =-- -=+ .
dr3dr3L 

" 
.. ___ .. ___ .. i 

Fig. H.406 

R 

l=i1+i2 

Blv. ~ Blv=Ldil R= '2 dt 

m~: =-itB= _( il +B;V}B 

. B2(2 
mdv= - lB'l dt---x 

R 
8

2
£2 f 

mJdv=-lB ji1dt-R viiI 

8 2(2 
m(vru)=-lBQ-R X 

(vI= velocity, when it has moved a distance x) 

8 2(2 
--x-mh-u) 

Q= R 
B/ 

24, a. I L C 

25. 

[!!m;~l 

Fig. 8.407 
1= 20t 

dl -3 0.2 V Vinduclor =L- =lxlO x 20=2xl 
dt 

1=20t ~ 
20t2 

f Idt =-,-
but 0= f~ldt ~ 0= IOr2 

_ 0 _ IOt2 _ 7 ~ 
Vcapadtor- C - 10-6 - 10 t (v) 

c. Energy in capacitor = i x ex v2 

Uc = .!..xlO--6x IOI4 rJ=.!..xtOR/4 , , 
_ I 1'- I 1 0.3 4Nl 2 U;"ductn'-"2xLX -"2 X xl x ~t 

= '!"X4xt 2 
2 

Ucup = U;nd 

1 1\' 1 -4 , 
= - xJO XI '= ·· x -- xt" 

2 2 JO 

f~ = 4x 10-3 

10-4 
1=2x r.;:: t = 2JJOxlO-'~s 

,10 
2C c 

- I + + I 

I. 

I~l 

fo"ig. 8.40H (Con/d. ) 
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/ 

2C C 
- 1--"1 -----'-i- I 1--"- ---, 

91- (91-q) qJ-(/{l-<-q) 

-n-
~"L ..4L 

" (b) 

FIg. 8.408 

Applying loop equation in (I) 

, , d 
.1L _fi = Ll.. .. O 
2C C dt 

~ dl = (ql-2Q, )_~ 
' dt 2C 2C 

Differentiating (i), we get 

d 21 3 
~dt2 = - 2C 

Solution of (ii) is 13 = losio a1 

and or = .2..... and 
2CL 

charge I = dq = losin 11l 
dt 

Integrating, we gel q = 10 [J - cos an J 
Q) 

fro~ (i), ltL '" (ql - 2q,)_ ~ dl 
2C 2C ' dl 

q will be maximum when ~1!.. =0 
dt 

Hence, qmll>; = ( ql -32Q, ) 

Hence, from (iv) and (v) 

!... (ql - 2qi ) Q) 
(J) = 3 ~ 10 = "3 (ql - 2Q2) 

1,, = ! J
2

3 (RCVo- 2CVo) 
3 C~ 

'" 2 J2~L evo = J6Cl.Vo 

10= V j6C 

1= \{,J6CL SinJ 3 I 
2CL 

Potential differem'e alTOS~ each capacitor. 

1', = ~~ = 2"~: [ 4, _ (~/L ~}ql )] 
v, ::: (rtl +q~) _ W 

]C -. 11 

(i) 

(ii) 

(ill) 

(iv) 

Faraday's Law and t enz's La ..... 8.105 

Vl = ~.= ~[q2-(ql ~12q2)] 
V2= (ql +q2) =3V

o 3C 

26. 

c:J , . 

c 

, 
Fig. 8.409 

Circuit can be analyzed separately 
(i) Inductor 

on imegrating, we get 

(ii) 

E '!i 
I/,= - (l-e l.) 

R, 

R, 
8 

A I 
t , 

Fig. 8.410 

R, 

C 

In loupABCDEFA, ~:= lR , + (/- l ,)R2• 

c+ I,R2 = I 
Rl +R2 

In loupABGEFA. e = IRI +.!l.... 
C 

f e+ / I R~) q 
e= - --·-R1+-· 

RI +R2 C 

Difle rentiating w.r.l. lime, we gel 

E 

F 

0 - 0 "!J. (.!!J!!L) dq I - + x +-x-
tit R. +R2 dl C 

!!!J. ", - r~L",:R2)x~ . x l 
III R, R~ C I 

0) 
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8.106 Physics for UT.JE(: £l.ectricity and Magnetitm 

(In I ]1, = (-R!+R2)xl1 
• Elff, R. R2 C 

(o'. at t = 0, C acts a~ a conducting wire) 

In (e;kJ = - (Rk~:2)X ~ 
(""'J' I _ e - R,Rl C 

Ilvough n plICilor - R e . , 
27. The current through the resiSlance 

I 
1(1)= L .. e-RI!I...= e 

....... (In 2/10) 

= _ e-2xlOOJ ( 
10 ) In2xI 

In2 

The current in the circuit after 4 ms, 

ln2xI 

IOx2xlo-' 

10 (I) 2.5 1==/(4ms)=- x - ::::: - A 
In2 4 In2 

When the switch is connected in the position AC, the circuit 
becomes an oscillatory circuit. 
The angular frequency, tv. of oscillation, 

I I 
.,= JiG = --',j2-X-I-0-4~X-5 X-I-O-"'" 

(1)= 10) s-! 

The energy siored in the inductor will go into the capacitor 
at some time during subsequent oscillation, so 

, 
..!..LI2 = q,lW< => qmu.=(.JLC)1 
2 2C 

= IO- lx ~ = 250xlO-
3 

C 
qrnax In2 In2 

qmv.= 3.6x 1O-3 C 

The energy stored in the capacitor become one half of its 

maximum value whenever the charge will beq = ± qii" . i.e .. 

(2n+l)n . 
att=4ms+ (q=qm.,sJn(l)t). 

4", 

Objective Type 

1. c. No induced current is set up as the magnetic field line of 
earth is not cut by the falling conductor. 

2. b. When the loops are brought ncarer, magnetic flux linked 
with each loop increases. Thus the current will be induced in 
ench loop in a direction opposite to its own current in 
order to oppose the increase in magnetic flux. This is in 

accordance with Lenz's law. So, the current will decrease in 
each loop . 

3. d. With the increase in the time rate of change of flux. both 
induced e.m.f. and current increase. But as the induced charge 
does not depend upon time, it would remain the same. 

4. c. When the plane of the coil is perpendicular to the 
magnetic field. then; is maximum and induced e.m.f. is 

S. a. Consider the force on an electron in PQ. This electron 
experiences a force towards Q. Clearly, all free electrons in 
PQ tend to move towards Q. 

6. c. The mutual inductance, M. between two coils A and B is 
defined by the equation. e.m.f. induced in B (or A) by 
changing current in A (or B) = M x rate of change of current 
in A (or B). Hence, the mutual inductance M remains the 
same whether X or Y is used as the primary. 

7.b.e=E-IR 
Clearly, the graph is a straight line with negative slope. 

8. b. In the r - t graph, it is clear that from a to b there is no 
change in radius and hence no change in area and magnetic 
flux . Same is the situation from c to d. 

Now, 

S
. d, 
JOcerOCl,:. -= constant 

dr 
leloc r 

9. b. Magnetic field at the centre of a large coil E oc J.Io t . 
2R 

Magnetic flux linked with smaller coil 

= 1101 x trr2 

2R , 
. fP lioRr M=M=-=--

(" 2R 

II 

to.b.Q= Nl:J.fP=fP2 - fPJ = BA-0 = BA 
R R R R 

11. d. When inductanc~s are connected like Ihis in series. then 

L=LI+L~+2M 

dl 
12. b. VA-JR+E - - = VH . lit 

13. b. The current is short circuited through induction I H 
instead of passing through 20 n. 
Then current through 30 n is: 

3 
1= 30 =0.1 A 
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Ldl 
14. d. VA- VB= VL + VR= -+IR 

dl 
= Lx 8 = 5.6xQ.2=O.5 V 

8L= 0.5-0.1 =0.4;L=0.5H 

15. c. By Lenz;'s law clockwise current is induced in both loops. 
Greater the area, large will be the induced e.m.f. Therefore, 
outer loop has greater area. 

16. c. Fm1.v 

17. d.IEj = Magnitude of induced e.m.f. 

81' = -a> 
2 

x x )( x )( )( x )( 
, , , , 
x x xxxxxx • , , , 
x x x x 

x x x x 
)( x )( x x x x x 

N 1 8= -=-
2 , 

Fig. 8.411 

Using (ii) in (i), we get 

18. b 

liil = )~} a> =N"; Ba> 

p= Fv= BJfv= 1.25 x 10-3 x50xO.l X I W 
= 6.25 X 10-3 W =6.25 mW 

An iterating alternating 

p= El=(BMl 

(i) 

(ii) 

19. a. The two loops produce equal and opposite magnetic fields. 

20. c. BU = mM or 01 

21. c. Magnetic field due to larger loop 

= .u(l1=4/l"X10-7XIT=2JZ'XIO~ T 
2r 2xO.! 

Now, magnetic nUl( linked with the smaller loop, tfJ 
= NBA C(lS OJt = 1 x 2;rx 10-6 x 5 X 10-4 cos WI 
= xx 10-9 ellS WI weber 

22. d.lnduced current in B = 0.006 A == 6 x 10-3 A 

Induced e.m.f. inB = 6x 10-3 x4 Y = 24x 10-3V 

Now,M
dl

=24XIO-3 
dl 

Faraday's Law and Lents Law 8.107 

or 

23. a. 

dl = 24 X lO-l xO.02 A=0.16A 
3x 10-3 

1= Bi ll 
R 

1= 5xlO-
2 

xO.3xO.2 A=0.6mA. 
5 

Area and flux are decreasing. So, current flows to increase 
the flux. Clearly, current should be clockwise. So, it flows 
from B to C through 5 n. 

24. b. Effective resistance is 4 n. 
IR 1= ~= Blv or v=-

R R BI 

or 
Ix103 x4 _ 

v= ms I 
2xlOx10-2 

or v = 0.02 ms- I = 2 ems-I. 

/JoNI/I 
25. b. ¢?=N2BIA or ¢2=N2 -L-A 

= ¢? = /Jo NIN2A i
l 

L 
or 

Comparing with ¢? = MIl' we get M2 = fioN1.
NIA

. 

26. a. Component of weight along the inclined place = mg sin B 

Bev 82 
(

2
)1 

Again, F=BU =B R ' =-R-

Now. 

27. b 

28. a. The mutual inductance. M. between solenoids P and Q is 
given by e.m.!'. indul'ed in Q due to the changing current in 
P = M x (rate of chtmge of current II,) in Q) 

=> induced e.m.f. in P= (4.0x 10-4) x (2) 

= 8.0x JO-4y 

29. a. 
!!!J. dl, 

VI = L I and V2 = L2 -"" 
dt dt 

dl dJ . 
~ = .---1. (given) 
dl dt 

But 

~L=0.=~=i 
V2 L:J 2 
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B.l0B Phy,[ci fer IIT-JEE: Electricity and Magnetism 

Again, slime power is given to the two coils. 

- ~_Y.a._1 V1/ I- V,'l or - -.-
I, Vi 4 

Again, energy = ~ U 2 

30. b 

But 

I ~I 2 2 

!':l= .L:...=(!:L) = ~(4)'=~ 
w, ~ 'I' L, 8 1 

2'" , 

and v =L,!& , dr 

Again, same power is given to the two coils. 

I V 1 
V1/ 1 = V2/2 or .:.l.=.!l.=_ 

12 \t) 4 

Again, energy = ~U2 

31. a. 

But 

I ~{l 2 

!':l = .L:... =(L,) =~ (4)' =~ 
W, ~r I' L, 8 1 

2"" 

dl 
VI = Ll.:::!..l.. 

dr 
and 

!!!.J. !!!l. (. ) = gIven 
dl dl 

Again, slime power is given to the two coils. 

I V 1 
V1/ \ = V2/ 2 or .!.l= .!l.::::_ 

12 '" 4 

32. d.IEI=8H iv 
= 2x 1Q-'x2x50V 
= 2x IO-) V 
= 2mV 

Using Fleming'" left hand rule. we find that electrons shall 
experience force towards A. B will be deficie nt of eleclfons. 
So, B will be positively chllrged. 

33. d. When the switch is dosed (at I = Os), no current 
nows ,voltage drop across the inductor is the same as the 

supply voltage of IS V. Hence, by writing dqwn the voltage 
equation for the circuit, we have 

dl 
V=RI+L-

dr 

~ 1.6= 41 +0.20 dl 
dr 

wh~re I is the current drawn from the soun.:e 
At /=0 S, 1=0, we thus have 

l6 =0.20~ or dl (1=0+)= .!i = 0.8 AS-I 
dt dt 0.2 

34. b. Magnetic field produced duo to current In large loop, 

• L • 
Flg.8.4U 

B = Po .!L[sin 4S°+sin 4S0
] 

I 41l" Ll2 

, 
Magnetic !lux !i l\~l,!d with smaller loop 

;1 = RIAl 

PO/ l12 
= .fi nL 

35. c. 

If x is length of solenoid with r as radius, then 

:c=2trrN,A=trr2 

:c= ~4/rU 
. !io 

36. b. Let there be element dx of rod at distance x from the wire 
e.m.f. developed in the elemont, dE = B d:c II 

.. dE= (JAO 2/r)dxv 
4n x 

• E - Po J II J dx = JAo/v log ~ 
- 2tr X 2tr 'a , 
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,. 

E 
4/rxlO-7 XlOOx5

1 
100 

'" og-
21r ' 1 

"" 4.6x Icr"V = 0.46 mV .f 

37.c. 
E Ldl 

- di,:.RJ=e _ dJ L 
R dt 
(taking integration on both sides w.r.1. 't') 

.. f RI dt= f. dt- f L!!!.;tt 
. dt 

f d¢ .. Rq = --dt-L[ll{ =¢, - L[lr1tl 
dt 

= ¢,-il, 

¢, - ¢, .. q= 
R 

But ~I = ~ 'T 1:..=fJoJa 
In ~ 

2/r "x 21r b 

.&!!! 1 2a +b 
~K n-

2Jr a+b 

. i!sl!!) 2a+b .. ;/_;, K n--
26 b 

Then "" &!!!.In ~ 
q 2flR b 

38 ••. In a superconductor, R= 0 

The induced current is I = -i 
. .. E .. iR 

- d¢ 
sinceR=O.E = O. butE = dt 
.. "¢_ 0 
i.e., 
Now 

i.e., 

9t "" ;, then ;,= 0 because ;/ = 0 

~= rmlB _ ~n~lIn~ = trnlB - U 

/ra1B - U=O 

1= !!i! 
i. 

Work done = ene.cgy stored in coil 

= !L/1"",,ra· B
l 

2 2L 

(II 

39. c, Induced e.mJ. = /lt v. R is internal resistance of seat of 
e.m.f., i.e., of rod 

Total resistance of circuit = R+ ~ 
RI+R2 

Faraday's law and Lents law 

40. c. BIt.cos 8 ... mg sin 8 
Here induced e.m.f. across slider is Bit cos 8 

Btvcos fJ 
.. Induced current 1 = ""7= 

! R 

Btl 

mg 

Fig. 8.413 

From equation (i) 

Btvcos fJ . 
Bt cos8 R =mgsmfJ 

mg Rsin8 
v· 7,:;':''''3'': 

D2t2 COSl fJ 

41. b. ¢I(nux linked) = a2B cos 0" = b28cos 1800 

.. (a2_bI )B 

E= _ d¢=_(a l _ b2)dD 
dt dr 

-= (al_ hl) Bo tVCO! tVt 

where B = Bo. sin tVI, Bo = 10-3 T. tV= 100 

and 

'n'IM = (a2_b l ) BotV 
R 

R .. (4a +4b) r=4 (a +b) r 

1 = (a-b) Bo" 
nllloll 4r 

= (1-0.4)xlO-'xI00 =3A 
4><5><10-3 

42. a. Let q and v be the instantaneous charge and velocity, 
respectively. 

q"" EC(Eis indoced e.m.f.). 

q= CV 
q= Dt vC 

1= dq '" Bl C dv = BlCa 
dt dr 

Now, F-BIt=ma 

F - 8/ (BtCa) = rna 

0' 

(:. e= Blv) 
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8.110 Physics for IIT-JEE: Electricity and Magnetism 

43. c. E, the voltage across capacitor = induced e.m.f. across the 
slider=B2v 
As capacitor does not permit flow of current, 
magnetic force on the rod to pr~vent its fall. 

1'2= 2gx,v=~2gx 

E= BI,/2"x 

there is 

44. a. For asolenoid, L = PuN2 ,;.. If x is length of wire and ci is 

area of cross-section, then 

Also, 

45. d 

where 

R= px andm=axD 

" 
Rm= px axD , 

" 
r;;;;; 

:. x=VPD 

x 
x=2RrN. N=-

2m' 

L- (""::"'J2 m 1 _ 110 Rm 
- Po 2nr f - 4n-f pD 

L=~"=NA8 
I 

8 = /1<.111 

R 
n= --

2"R 

¢= Nlrr2(Jlo~11 
. 2n-R 

L= f.. = Jlu N2r2 / = Jlu N2 
r2 

/ 2Rxl 2R 
46. a. Here A = 10 x 5 = 50cm2 

= 50x IO-4ml 

dB -= O.2Ts- 1 

dl 

R=Ul 

E= ~/_~=A ~~l!.=50X I O-lx().()2 
dl iii 

= IO-ly 

Power Jissiputed in the form of heat 

47. c. 

£2 IO-lx lo-l 
= = R , 
= 05x lO-xW 

=5xIO-Y W=5nW 

M= ,uoM1tl:l A
a,here f =lm 

1 
= 503x lo-<'H 

48. a. Let / = current in one loop. This magnetic flux at the centre 
of the other co-axial loop at a disllmce f from the centre of 
the first loop is 

R _ Jlo 2/Ra
2 

- 4n(a2+t2)312 _ 

where Pili = 1 tra2 

= magnetic moment of loop. 
The nux through the other loop is 

¢12 = Bn-a 2 

01 

Jlu 2n-a2 1 2 = fr(/ 
4n- (a 2 + 22 )3/2 

11'12 = 
I 

Jlo 2n-2a4 

4tr 2«(/2 + e1 )3/2 

:.(/«1 

49, b. Magnetic induction at centre of solenoid is 

B=,uoN 1 
I" 

Then, !lux linked with whole solenoid is 

Also, 

or 

Jl N2n-r2/ 
11' = N BA = =0 '-;-""--' 

I" 

N24mrr2 
L - " "-:'7"- .... u - 4lf(o 

N24;r1rl 
= Po 4lfeo 

(N2trr)2 
= Jlo 

4trtu 

Now. N2!rr= ( = length of wire used in solenoid 

J1 ,2 
.. L= _0_ 

4/l"fl) 

then (= ~ 4!rtoL 

M" 
then f=O.1O km 

so. c. The resistunce of the windings i~ 
f 

R= p.:..!l.., pis specitk resistance. 
A 

(1) 

Oi) 
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'" R= 

m 
yoluillc(V) . .'1 1'1) =--

p" 

R= " p~. P .. '" dcn~ilY IlfwirL' 
I' . 

1<111 
f~ = 

PPu 
A~ in ~()Iuli(lll of qllC~l i llll ~S. 

, 
1.= 'ull1il 

4fft 

PH 1</11 P .. ( /liN " 
'- =--- - ---- '"' ---- i j 

-1m PPu '-Iff \ I PP .. I 

, ' 
" "'p '--- " 

111 / Pli 

51. d. Magnitude of till' cin.:ular maglll'liL' fil'ld prodUCl'd is 

Now 

t:2Jtr = 

". 
d, 

, d/J 
JrI' - -

'" I dO 
1::= - r ---

2: dl 
II = JlIIII 

I " h = -- j"--- IPnlll1 
~ '/1 

E-
I , : , III \ 
:; rpn lll 'll -= ;i~ ) 

\yh,'n: r < (/ 

BUI whl'll r > <I 

or I: := 

d. 
'" , lin 

ffo -"-. ", 
I (/! " .- .. _ .. _- IJlIlII/I 
~ j" ill 

I PnllO ' 
---' ~· I 
2 I · 

52. a. Magncli,' fil'ld al Ihe l'Cn1l'l' Il f ~1 'kIHlid 

!VI 
u= ,lin 7,hen.>N = IIK It) 

:. M'lglll'lil· IlUX lin"l'd with ~"k' I\()id), 

Jlo .•. J' ,\ 
(/1= NI3A = --- 1 

( 

Also, ifJ = [J 

ti) 

Iii) 

(i) 

Faraday's Law and Leni s law 8.111 

BccaU~L' Ihe COft' consi~ls o f IWO mcai<l, sci f-induction is 

L = I. I +I., 

Jil N
2 

AI f.12 N! A" = + - - _ .-
1 1 

Fnr ai r, II I =Po lImJ for m~dium.p~ = P" I/I)' whcrcPr= 500 

PII N! 
L= -,-IAI +p"A?I = 0.57H 

5J, d, (ii ven (hal ¢J=al(T --I) 

, . df/J d ,. 
InJul·l'de.Il1. I..l-:. = -- =---- I(lnl ' 1)1 

dl <It 

= 1II(() .. I ) +1I\7 ·· t) 

= /I (1' --- 21) 

S,l. induccd c.m.1". i~ als() a fUIll'liull \}fl illll'. 

Heill generated in linl<' Tis 

r ~ -. 1 

H= JE-dl=~'- f(T --- III )! dt 
(I R R {J 

, I 
II J ' , = (T- + 4,.· -- 41 Tl,1I 
R 

" 
54, d. Heill L = 0.1 H, I = 2 sin ,~ 

IndllO,:L!d e.mJ .. 

f:: = - l. dl :: -2!!.. (2~in , " ) 
dl dl 

= - 4cos I" 21 

= X/COI\I) (nulllL!ricall y) 

\1.\'1''' dnne for illa t'asing dwrgc dl/ 

d\\'= Edq=Rlco~r -~l ldl) 

= XIC()SI~2s i Il1 2 dl 

L,· .. 
= HtI?sillI 2 COSI 2 )dl 

dW= Hfsill 2l ld/ 

Total w\ lrk dOllL' . 

\\'hl'n 

, 
IA'= f HI sin 21" ill 

" 
1= O.I=() 

1=::!A,sinl ) = I =~in ff 
2 

.-
,/rJ 

3R 

, ff 
1-

2 
To ~o l vt' 11l1<.!gral in t'qu:l1iol1l i) . p\l12,2 = Y 

4tdt=dy 

, 
w= 2Jsin \"dy = 2 11 --ws.'· I~ 

" 
== -2jcosJt - cosOI = 4 J 

\-if == .:1- J 

(D 
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8.112 Physics fe r IIT·JEE: Electricity and Magnetism 

55. c. Here I =9.. for ring to be taken as single loop 
. T 

., 1= Nq (N is frequency) 

: . magnetic fie ld produced 3t the centre of the ring is 

B = Pol ",PuNq 

56. d 

2r 2r 

1/ = 2rD = 2.5x 10-1 C 
1'0 B 

~ = (;:r¢I = (!~JI(4 X IO-5Wb 
= 32x lO-s Wb 

£ = 
- 32 x JO-.~ Wb . 

= -4 mV 
0.08 

57. a. The current in L for steady st:lte 
£ 

R, 

. I , I E~ 
:. Energy stored mL(E,) =-Ll1; =- L-, 

2 ::! Rj 
58. a. For rS: R 

I E I = Magnitude of induced e. m.r. = (/ ~ 
</, 

- t - - d¢ IJ I E I= 1::(1( = --
d, 

dB 2 dB 
A -= nr -

dT til 
.. E(2nl')= 

Eo< I' :=) shows straight line 

For r 2! R 

E(2/(r') = nR2 dB 
</, 

,.' 
shows rectangu lar hyperbola. 

59. b. B ) = Magnetic field due to outer loop o f radius R ,11 

0 = )lui 
2R 

Fig. 8.414 

:. Milgnelic !lux linked with small loop of radius 
r(¢/I) = 8Ix /(r ~ 

= 110
1 

(Jrr2) 
2R 

. .. Pol nr2 
Magnetic flu x hnked with smaller loop = 2R 

;8 = MJ 

Po nr2 
M=--

2R 
,., 

M~ 
R 

60. It . The magnetic nux through single turn oflhe coil 

¢H'" B,;;' = BA cosB 

The tou\1 nux through N turns of the coil. 

~"I " I = N8A CDS B 
According to FUTaduy's lawaI' e!ectromagnetk induction, 

(/Q) tI 
-- = --{NBA cosB) 

til dl 

</B = - \NA (I)s (l) 
d, 

Note thill only the magnitudc Ilfmagncli c field is changing . 

EjrwJ\ICC>l = - (200)( I OO)(oos300)(1 .5) 

The current induced in thl! coil, 

Ejn ... . cd 2.59 
--"- = - = 12.95 A 

N 0.20 

Since the magnetic flux through the coil is increasing with 
lime. the magnetic field due to induced current will be 
opposite to the primary field . Apply right hand thumb rule. 
point your thumb in the dire~lion of induced field. your 
fingers will curl in the directional sense of induced current. 

61. d. When the flip coil is rotuted. the magnetic flux through it 
changes, resu lting in an induced e.m.r. E and induced 
current 1 = tiR, where R is the 101al resistance of the circuit. 

As 1= dQ 
d, 

Q= I</Q = II </, 

From Filraday's law, induced c.mJ. 

1/;1 = (I'IJ 
</, 

Q= II Ilt = I §..dt=~I d¢1J cit 
R R (/1 

= ~ I dtplJ = lJ. '1J 
· R R 

This is a gcnemli 7.ed result and can be used 10 determine 
charge through a circuit in which an c.m .f. and a current is 
induceu. 

Initial nux through the ..:oi l. Q)H, = +NBA 

Fin<l lllu x Ihrough the ..:oil. ¢JH1 == -NBA 

When the coil is turned lhmugh lHOO it s l1 u,' r;~~I.' rs ..:., · ti " 
<Ingle between magnetic field and area .. ':' j •• I\'\w~d. 
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i'l¢B= ¢Bf-¢Bi = NBA-( - NBA) = 2NBA 

Q= 2NBA 
R 

62. d. Volume of the b,liloon at any instant. when radius is r, 

4 , 
V= -ffr' , 

Time rate of change of volume. 

dV l dr 
~=4ffl" -
ill dl 

Time nlle \ll"change ul" radiu~ orballoon. 

til" dV 

liT 41</"1 dT 

Flux through rubher band at thc given installL 
~= B(l<r!) 

d¢ d 1 dr 
Induced e.m.f. ::: - - ::: - - I flffl'- ) = - 2ffrB-

til til til 

= _)ffrH[~'_dVl=_.£ ·dV 
- 4ffr~ If! 2r (Ii 

, . h h ". . d ' dV . . As vo tltne olt c a oon IS eaeasmg, ~ IS neg<lllv,,::. 
d, 

• (004) 0 ~ 
E;n,h><'.w= - 1 x( - IO xlO ) 

2xlOxIO--
( 

= 20IJ.V 

63. b. When the copper rod is rotated, tlux linked with the circuit 
varies with time. 
Therefore. an e:m. f. is induced in the circuit. 
At time t, plane of semi-circle makes angle WI with tho<' plane 
\If rectangular part of tht' c in:uil . Hence. cOlllponent of tho<' 
magnetic induction normal to plane 01" sCllli-cirde is equi.lJ tIl 
B COS aJI . 

Flux linked with ~ellli-circu l ar p<lrt is , , 
'PI::: -I<a" Bcoswi , 

Let area of rectangular part of the o:ircuil bo<' A 
Flux linked with this part is 

dJ.:.= RA 
Total nux linked with the circuit is 

, , 
~= 2" ffa- B COS(fOl) + UA 

Induced e.mJ. in tho<' cin,:uil. 

df/! I " - - = - ff{J)(J -B Slll(WT) 
tiT 2 

Since resistance of the circuil is negligible. therefore 
potential di rrerenco<' across th er ~'apacitor is equa l to induccd 
c.mJ. in the cin;uit. 

Charge on the capacitor attilllt' I j" If = CI' 

, , 
= - ff{J)U- e8 si n(lIJI) 

2 

Faraday's law and lenis law 8,113 

But current 
dq ! 2 ~ • 

I = - ~ - Jr{/J (/ ~ C IJ cost (/JI) 
ell 2 

Due to 110w ofcum~nt, semi-cirde cxperiences a momentum. 
Therefore, power is required to keep thc semi-circle rotating 
with constunt angular velocity. In facl. power required to 
rotate the semi-circle is equal to electrical power generated 
in the circuit. 

Power required, 

?= e1 == ~ff2{J)-\I~CB! sin(2wT) 

" 64. a. Consider a point on the ~'ircum fcrenc~' of a circle of radius 
r (r < R). Lo<'t £ be the electric field along the tangents to the 
circlc. Then E (electromotive force) 

= ~E.dT =E·2ffr 

E= 
dt/JII d, '1m --- = --(ffr- H) = - ffr--
til dt til 

,tlB ! dB 
-ff"' ~ ~ E=- - r-

ell 2 til 
The minus sign suggests that the induccd dcctric field acts 
III oppose tht' change in the magn(:tic fidd. 

u 

Fig. 8.415 

Now consider a pl)int I' in the rod <Ind a small distance 
df = PQ along AB. The electric field at P is E = 112 I" dBldt 
along the tangent to the circle as shown in Fig. 8.417. 
Elementary work done 

= (E cos O)d ( = £ dl cosO 

Draw perpendicular PN from P on OQ, 

Then PN=,.dO=d e cosO 
Elementary work done 

= Erd(}=(~,.dBlrd(}= [ ~r2d(}1~/~ 
2dl 2 dt 

1 ~ " 
But -,. -d8 :ocarcaufthclri,mgleOPQ 

2 / 
Total work done in taking unit o:hargc from A to lJ 

dB . h . . , = ~ x summation 01 t e arcas 01 elementary tflang e 
d, 

dB 
= ~x areaOAII 

J, 
= P.£). helwcl'n the cnds of AlJ. 

, dB I ? "R' 12 dB ' ·~R' I' v= - x - x_ x t 'l/'" - = - "j(~-r 
(/1 2 (II 
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8.114 Physics for IIT·JH: Electricity and Magnetism 

65. a. In accordance with Faraday"~ law of det'tromagnctic 
inductinn, the changing magnetil.: fidd indllt"es an electric 
field in the ring. Let us imagine the ring to bc divided into 
di ffen."nlial eicm\."nts of length lis and denote the tangential 
cOlllponem of lhl' induced del.: tric field by F,. The charge on 

I I · h . . . d.1 cement/sott ermgl~dQ=Q --. 
2m' 

where r is the radius uf the ring. The f\lrl.:e l'xl'rteo \)n it i~ 

til-; '= dQl:.~ , and the resultant torquc i ~ dr= rill'; . 

Thu~ thc IOlallorque expericnced by the ring i~ 

r= fdr= frQ~E, = .9-jf;I J S 
2m' 2;r 

The indlK'ed electromotive forcl' alont! tlK ring. i~ diret'l ly 
proportiollalto tht' rate nf change in the magnetic nux, we 
have 

f E,ds= 
d¢ ,dB 
-- = -1ft"-_. 

dl ill 

A~ a result of the torque. the rint!, which has a moment of 
inertill I = IIIr'. starts to spin with angular Jcceieratiotl u . 

During a time interval til its angu lar vehll"ity chatlg,,~ by 

dm = mit = !.dl = k(-lTr! dB')_1 ;d1 = - ·5L dB 
I 2.;r d, 1111'- 2.111 

Since Ihl' magnetk fic-ld strength irK"feUSeS from h']"Q to B, 
Ihe fin,tl angular I'\.'lnl."it}' \lfthe ring will bt' 

QB 
OJ= - -

2m 

=;. The tlegatiH' ~ign sh\ )w~ thaI the di rect ion of the 
angular l't' io<.:ilY vector i~ opposite 1,1 the mugtll! l i<.: 
induction if Q i~ positi\'~ . 

=;. The final nnguhlr velocity docs nut depend lIn th,' radius 
of th..: r ing. tht' time o\er which the magnt:tit" flu)" 
l'hangl's, Ilr even on ho\>,· tlw l11agndic Ilux iIK' reaSl" 
wilh tim\.". 

~ In our caleulation we ignored the magnl'lil' fi,'ld 
produced by the rUlatin~ ring. 

~ Except ill the cas.: Llf a ~'ylindri("/d .nmmel/"ic uniform 
field. it is not possible 10 find th,' a,"I1I<11 value ,)f the 

induced c!ectri.: field within Iht' ring bt'cal1~c th t' 
gcnlllctrieal strUCI\11"C ni th,' mat!nelit" field i~ unknown 
and we do not know Ihe pI)sition 01 th~ ring in the 
magn<.'ti<.: field. We can d<.'lefmilK' Ih\." [,I\al induced 
ekrtl"llll1otive t(l f,"e. hut nm th..: ..:kL·l ri(· field itself 

66. u. Magnet i<.: fi..:ld of a solcnoid lin tts ,(xis IS given a~ 

IN) n = puIJ/=jI,lli
' 

NtfJ= 

Nr/I 
-~.= 

I , 

, , 
L = JI()N~}"-lT 

I 

Total length of the wire, S = 2lTrN 

L= 
JioN 2 r 2")T 4Jl" Jiu( 2mN)2 

" r 4ff 4Jl" f 

L= PIJ~ = Jlu S~ 
4;,rl 4lT I 

s= f1?~ 
67. ll. Plj <Ii' =jI(,1 

Ilb=Jiol 

I 
B= Jio

i> 
.. --. - ---- ---.. -.. -. --'-----. 

: rzIXIXlX[XIXIXIX IXj 
, ---.- .. ------------~-. . _. 

H 

I • I • , • 1::::n:::!.TIT. r- _W 
J<'ig H.416 

Magnetic !lux pa~sing through this double lape 

¢= BA = B(f II) =;. t/J = Jiu
l til 

" t/J :: Jiotlt 

I " 

L = PU
t h 

=;. 
h 

Mt h. Flux through thl' strip 

j 'i"/-l,/ . Pu/ll [II-a) 
(/)-:c:: ' -" (f(/r}=-- n ._-

" 2m' 2Jl". /I ) 

I ! 

. [-n----Tj 
I r:1 'I I . I ~ . 

1 I I 
1 -1-- -___ ._1. 
~ - --I 
, I" 

Fig 8.417 

The olher wire produces the ~ame result, so the total flux 
through the dotted rectangle is 

/-loU (d - a) 
tA,~" t = - 101--

ff " 

Thc indlll'tance of qil,,\;,l 

1.= .?~!:!!.=Jlo.f ln(d - a) 
f IT {/ 
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69. b. Let currcn! i 1 in the straight wire be upward. Then the 
magnetic field due to the straight wire has magnitude 
B I = Poi 112m' at a distance r. In accordance with right hand 
rule B, points inward to the pilUle of page. We consider a 
differential strip of thickness dr, urea dAl = a dr. Magnetic 
nux through areadA, d¢8 = 8 1 (a dr). 
Total nux through the loop, 

¢s = fBldAl =jc+bJioi, a dr 
11 c 21lr 

= Ikila f C+1> clr == Jioi[a In (' +bl 
21C c r2a c 

Therefore mutual inductance. 

M= MI2 = ~2 = 110a In (l+~l 
'/ 21r C 

70. b.lnductors 5 mH and 10 mH are connected in parallel, hence 

.. . 5>< 10 50 JO 
equivalent mductance ltq = - - = - = - mH 

5+ 10 15 3 

20 
Current at steady state, 1 = ~ = 4 A 

,0 
Fig 8.418 

As L, and L,. are in parallel 

1,= I (~) 
1,= 4 (~l 

10+5 

J, 

L, 

L, 

J 

50 

Fig 8.41 9 

10 8 
/1= 4x- =- A 

15 3 

5 4 
' 2=4x-=-A 

15 3 

I-

;: 20 V 

71. a. When switch 2 is closed, applying KCL in loop 2"we get 

d· 
!.+L"':= O 
C dl 

fa faday's law afld l enis l aw a,U 5 

(II (2i 

r:" Loop 2 

£ c 

Fig 8.420 

Hence. q::: qo cos WI, W = J I 
LC 

and;::: - qow sin (j)I 

L 

Vc= Energy stored in the capacitor 

q2 ql~ cos 2 OJI 
= 2C= 2C 

UL = Energy stored in the inductor 

= .!.U2 = .!. Uf?,OJ2sin2 {()t 
2 2 

when Vc= UL 

qJ OOS2lU1 
---= 

2C 

For minimum value of I , OJI =!!... 
4 

Hence 

72. b . The power d issipatcd in the resistor. 

dW , 
P= - = / -R 

dJ 
Since [he current through resis tor varics with time we must 
integrate. 
The lotal energy produced as heat in the resistor 

W= r f 2R d! 

The current in an RLcircuit is 
I = Joe _(NIL/I 

W= J: J,ie-2NIL Rll( 

We can integrate by substi tut ing 

, L i- -, I , [ -'T 1 U ' W= f R- e dt=-L1o - e - ; - ti 
2R o 2 02 

Note that the total heM produced equals the energy (J 12) L/(r 
orig inally stored in the cond uctor. 
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8.116 Phys ics for IIT·JEE: Electricity and Magnetism 

73. a. Steady-state currC'lt in L = 10 = !i 
R, 

Energy stored in L 

74. d 

0 1 

Fm 

= ~L12 = ~L(E'l 2 0 2 R2 , 
= heat produced in ~2 during discharge. 

d! E 
E=L- ordl = -dt 

dl L 

2 
1= - t""O.St 

4 

1= SA.r= lOs 

75. b. Let Land R be the inductance and the resistance of the 
coil, respectively. Let E = e.m.f. of the cell. 

Steady-state current, 10 = EI R 

E' 
P=16R"=-

R 

Energy stored in the coi l 

= ~Llg=~L(E'l = ~(I-)(£)=~<P 
2 2 R2 ' 2 R R 2 

76. a.Forr:5R 

fEdi=I~;1 
or E(2nr)= (nR2) ( :~) 

i.e., E~ -
I 

or E - r graph is a rectangular hyperbola. 

77, a. Consider a unit ch<lrge inside the conductor. As the 

conductor moves with a velocity if. the charge inside il will 
- - -

experience a force F=VxB. If this unit ch<lrge is now 

moved from onc end of the conductor to the other. its 

displacement is r. Hence, the work done on it is F.r 

=(v x B).;. This, by definition, is the e.m·.f. across the 

conductor. 

78. d. When a ring moves in a magnetic field perpcndicularto its 
plane, replace the ring by a diameter perpendicular to the 
direction of motion. The e.m.f is induced across this 
diameter. In the question current flowing in the ring will be 
through the two semicircular portions, in parallel. 

Induced e.m.f., e = B(2r) vi 

Resistance of each half of"i"lng :::: RI2 
As lhese <lre in parallel, the equivalent resistance = R/4 

. .. B(2r)v SBrv 
Current III theclrcUlt = - - - = --. 

(R!4) R 

79. h B =)lif11 

= 4nx I 0-7X 200 x 10-2 x 1.5 

=3.SxlO-2W/m2 

rp"" BA = 3.S x 10-2 x 3.14x.l0--4 

= 1.2 x 10-5 Wb 

when the current in the solenoid is reversed, the change in 
magnetic flux, 

drp = 2 x (l.2x 10-5) =2.4 x 10-5Wb 

Induced e.m.f., e = N 

dtjJ = IOox(2.4X 10-5)=0.04SY. 
dt 0.05 

80. h. For /"2:(/ 

f £.d/ = I~; I = sl~~1 
or E(21r/") = lra21 :~ I 

E= ;:I~~ I 
Induced electric ficld oe lIr. 

For /" :5 (/ 

E(2lrr) = 7lr21~1; 01 E= ~ldB I 
2 dl 

or Eoe /" 
At r = a, 

E= ".ld81 
2 (it 

Therefore, variation of E witb r (distance from the centre) 
will be as given in Fig. 8.423. 

E 

af2IdBfd~ .... _._-t Ear l Ea l lr 

r= a 

Fig 8.421 

81. a. Current at any time t in L - R circuit is 

i= Ii (l_e-RtIL) 
R 

(~n = ze-7 
di -!!!.. 

e=L -= Ee L 

dl 
Eliminating t from equations (i) and (ii), we get, 

e=E-"iR 

(i) 

(ii) 

i.e., e-1 graph is a straight line with a negative slope and 
positive intercept. 

82. c. Motional c.mJ. 

e=Bvi 
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,= (2)(2) (1)=4V 

This acts as a cell of c.m.f. E = 4 V and internal resistance 
r= 2 Q. The simple circuit can be drawn as follows: 

4V 

6n 2n 3Q __ Hl 2n 

Fig 8.422 

Current through the connector 

. 4 ,= - -= IA 
2+2 

Magnetic force on connector 

F",= if'B 
= (1)( 1)(2) 

=2N (towards left) 

!herefore, to keep the connector moving with a constant 
velocity, a force 'of2 N will have to be applied towards right. 

83. c. Potential difference between centre of the ring and the rim 
i, 

v= ~BOJR2 
2 

= ~(50(2)(O.1)2 =5V 

H 

I. ~ __ +----.J 

fI 

Fig 8.423 

Now the circuit can be drawn as follows: 

~"V ____ -"VV'VOv!!~ __ ~ 

~"V ____ -"VV'OV'V'~ __ ~ 

R = Ion 
Fig 8.424 

5 1 
i= ----=-A 

10+5 3 

5V 

H = IO~~ 

84. a. Idql = d: = idt = area under i -/ graph 

faraday's Law and Lents Law 8.117 

8S.a. 

d¢= (Area under i-I graph) (R) 

= ~ (4)(O.I)(lO)=2Wb 

u= !...Li2 

2 

Rate= (~~ =(Li)(~n 
At 1=0, i=O, rate = 0 

al t = <><>, I . b di 0 =10 ut -= , 
<it 

Therefore, rate = O. 

86. d. Coeft1cient of mutual induction M is given by . 

87. a. 

So. 

8M. a. 

d~ 
"4= -

R 

¢II"" 0 

¢If= (~~~}~(/2)= po;;2 

dt!= 

( -~;)= 

(- ~;)= 

J1oia
2 

2b 

" -=r 
to 

.. The desir!.!d tim!.! is ~ 01' ' 0 , , 

• 

(att=O) 

89. h. LeI E be the clcL:tric field at a distance r from the ce!,!tre of 
the disc. Then 

'" 

I'E= mw2 
I' 

lIIuir 
E= , 

I'u" E,I, P.D,,,,, 
co" , , , 

= J" I_'!!~_-! = mw'u 
o I' 2e 

90. d. According to Lcnz's law, e.mJ. of same mag~itude iri 
clockwise direction is induced in the two loops bito which. 
the figure is divided. So, current is induced in the clockwise 
direction in the outer boundary but no cutrent is there in 
wircAB. 

, 
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8.118 Physics for IIT-JEE: Electricity and Magnetism 

91. c. Potential difference across the coil is V = L di 
dt 

0' v= (2)(4)=8V 

Now energy stored per unit time 

92. a. 

= power = Vi 

= (8)(2) 

= 16J/s 

L, 

---1 :' : 
" L, 

Fig 8.426 

q= CV 

= C(Bvf) 

= (lO x lO-h)(4)(2)(1)C 

= 80)le = constant 

I' 

Q 

Fig 10.425 

~ 

v 

Magnetic force on the electron in the conducting rod PQ is 
towards Q. Therefore A is positively charged and B is 
negatively charged. 

93. d. Magnetic nux in 0 direction through the coil is increllsing.. 
Therefore, induced current will produce magnetic field in 0 
direction . Thus the current in the loop is anticlockwise. 
Magnitude of induced current at any instant of time is 

e 
i~ 

R 
Bu(FG) 

= 
p(FC+CD+DF) 

When the wire AH moves downwllrds FC. CD lind DF llll 
increase in the same ratio. Therefore. i is constant. 

94. d, Net force on the wire is zero when the terminal speed is 
attained. 

0 ' 

0' 

F/J/ =mr.: 
ieB=mg 

(~-)eB=mg 

( n;e) en = In!; (~'T = terminal speed) 

mgR 
vT= n2 ( 2 

95. d. When the coil is within the field, there is no change in the 
magnetic flux passing through it. Thus no currcnt will be 
induced and the acceleration will be g. But according to 
Lcnz's law, the induced current will oppose its motion when 
it enters or leaves the field. Therefore, acceleration will be 
less than g. 

96. a. Magnetic field in 0 direction is increasing. Therefore, 
induced current will produce magnetic field in 0 direction. 
Thus current in both the loops should be anticlockwise. But 
as the area of the loop on the right side is more, induced 
e.m.f. in this will be more compared to the left side loop. 

( e "" - d¢ "" - s dB). Therefore, net current in the complete 
dl dl 

loop will be in a direction shown below: 

c 

A 

B 

() 

Fig 8.427 

97. b. lei 2(/ be the side of the triangle and h be the length AE. 

x x X A X X X 

X x X: x x 
F _ .... . ,-_ .. _- U 

X Iwx X X X;ff X 

D V E C 

X X X X X X 

Fig 8.428 

AH CH 
= 

AE EC 

GH= (~; J£(' 
or GH = (b-vt).u =(/ - l~ I·/l 

II II 

" ·G= 2GH=2 [11-;1'/] 

Induced e.m.!" .. f' = 81' (FG) = 281' (11-* 1'/ ) 

,'. Induced CUlTenl. i = ~ =. 2!~ [(/ -* l'f ] 

or i=k 1 - k2 / 

Thus i-I graph is a straight line with negative slope and 
positive intercept. 
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98. c. The current at lime I is given by 
. . (I -II f) 
1= '0 -/! 

Here 
L 

io = E/R and r= -
R 

q= J' S' ," ;d/= io(i-e- )dl , " 

£L 

,R' 
99. a. Speed of the loop should he 

f 0.5 
). = - = - = 0,25 Ill/s 

2 

Induced c.m.f .. e = Bvt= ( 1.0) ( 1m (0.25) (0.5) 

=0.125 V 

C 
. hi' (' 0.125 .urrcntml c OOp.I=-=--

R 10 

=1.25xIO· 2 A 

The nl<lgnetic force on the left arm due to the magnetic tield is 

Fill = itB = (1.25 x 10-2) (0.5) (1.0) 

=6.25x I«JN 

To pull the loop uniformly an external fon.:c,of 6.25 x 10 ,1 N 

low<lrds right must be applied. 

w= (6.25 x lW'N)(05ml 

=3.125x 10 '\J 

100. b. Terminal velocity is attained when magnetic for..:e is equal 

tomxsin e 

<in 8 

, 
Fig. H.429 

F",=m.~sin8 

ita = IIIX sin (J 

(~) fB=mxs in 8 

(Bvr€) , . 
- -- == flJ == 111M Sill () 

R 

mgRsin8 
vT= a2 e! 

faraday's law and Lenz's Law 8.119 

101. d 

_v 

/)'-_.-l C 

Fig 8.430 

As Ihe nux de':Tcascs. to maintain flux current in the loop is 
clockwise. Force on DA due to the long wire is towards left 
while on Be is towards right 

102. a. _ ~ ~ ~ 

N S 

V V , 
r,~ 

S N 

'Va a 8 

Fig 8.431 

Ill). d. Pcrr~ndicular length is m!lrc, so induced e.m.r. is more 

1114. d B P I't:= constant 

lJ= 
C 

1115. a. At I = 0, the hraneh containing L will offer infinit.e 
resistance while the branch containing the capacitor will be 

e 
effectively a short c ircu it. Hence. (R),.o = -. Similarly at 

R 
1=00, L will offer zero res istance whereas (" will be an open 

...... R ox3R "R·) circuI t. Hem:c e1!ectlvc resistance = + --- ::: .' (/,= .. 
6+:1 

= 3R · 

Th ·1' e3R~1 C !"l'qUlrcl ratio = _ x - .'" .': 
R F 

dil 106. a. ~<X. _ 
dl 

dil 
Hem;ei~= M-

- df 
(direction already indicated) 
Hence (a) is correct option. 

l07.h V=5cos(wl-) 

i = 10 sin wI = lOcos (wt-) 
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8.120 Physics for IlT·JH: ELectricity and Magnetism 

108. c. 

Jrn2Jtn 
¢= 2"-(;= "6=3 

VI 5xlO 1 
P = -cos;= --x - = 12.5 W 
222 

¢= U=BA 

. Bmax A 0.lxJO-2 
',n:u,= - ; 1 = O.IA=IDDmA 

L JOxlO-' 

10 10 4 
109. b. j::--. - -=3. R=-

3R+2 3R+2 9 
110. c. Current in the yy' direction i.~ from Y' to Ybut the current 

is constant and hence the magnetic flux through the coil is 
constant. Therefore the current in the coil is zero. 

111. c. Applying KVL in the outer loop we get lor- E= 0 

E 
=> 1= -, , 

Initial energy in solenoid = Uo == ~ Ll;, = E ;. This 
2 2, 

energy will. be dissipated in the form of heat in rand Rafter 
o~ningof the switch. Since the same current flows through 
these resistances and the thermal power in them is Pr and 
PR'U varies with time, respectively, therefore heat generated 
in each resistor is di rectly proponional to its resistance. 
.. Heat generated in steroid 

[ 'jE'L E'L 
= r+R 2r2 = 2r(r+R) 

112. b. From Kirchhoff's rule. L di = :E and U = ~ U 2 

dt 2 

113. c. Constancy oftlux implies that !!...~ "" i(~ +~) 
R 

I.e .• i = 
EL, 

R(L, +L,I 

Mdi 
114. d. E= - = Ma 

dl 
115. b. After longtime 

8oJ' 
2 

R 

Ma _IR/ 
i =-(i - e /L ) 

R 

BwI' =- -
R 

N 

Fig 8.432 

8oJ' , 

.'. (el 

117. c. Let i, be the current in ihe circuit before shifting 

. E ',= -R 
(i) 

Since the flux associated with the inductors will be saine just 
before and just after shifting 

.. i, 5L=i29L 

. 5 E '2 = --9R 

118.c.lf E.dll=I~~I; E2n~=n~ ~~ 
I 

E=-a 
4 

F = q(a is the electric force on the charge but net force of 
4 

the particle is zero. 

119. c. The change in magnetic flux is zero, hence the current in 
the ring will be zero. ,. 

120.c.i ::=I'o(l- e l.) 

10 -~ 
i= -(i- e 20) 

10 

i= (I-e-l ) 

121. c. ill, = constant 

=> LC = constant 

dL de 
=> LdC+CdL=O => -=-- =-1%. 

L C 
122. d. Circuit is a balanced Wheatstone's bridge 

Rofthe whole circuit = I +4:::: 5 n 
Induced e.m.f. BLV= iR 

iR .1 x5 ,= - = -- =2.5m1s 
BL 2x.1 

123. c. The magnetic tield produced by the square loop is paraliel 
to the plane of the circular loop. Hence the mutual 
inductance i ~ zero. 

124. d.l= Bv(2r) .whercR '" (R / 2XRI2) == RI 4 
R~ C\I R12+ RI2 

125. b. Initially. there wi ll be no potential drop across the 
capacitor but only across thl': resistors. 

V mgR 
= 0 = 82L2 

127. d. AI t = 0, for the purpose of current calculation in circuit, 
inductor can be assumed as open and capacitor as short 
circuited : 

128. c. Use Lenz's law. Induced e.mJ. of the current opposes the 
-change in flux through it. 
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129. b. Requirede.mJ. = 1rR2 

o 

o· 
Fig 8.433 

dB 8 -x-
dr 211' 

R 

130. c. cos;= -J7'R-'-+"'(";aJC"" ---aJ-L~)~' 

Puuing the values, C = 500 IlF 

131. a. mao= eE 

mao 
E = 

e 

• • • 
,E 

Fig 8.434 

132. c. Magnetic fiel d is out of the plane and as the electron 
moves, the field decreas~. From Lcnz's rule. the current in 
the coil is anticlockwise. 

133. a.1 is sanie for twO values of frequency namely II and/2 

Faraday's Law and Lenis Law 8.121 

134. d. The field inside the solenoid is unifonn. the magnetic flux 
linked with the coil will be 

;= BNA = Punl n1rR2 = prI'21rR21 

!:!.= N1Nl =(!!l)'x(R, )2 = 16X ~=1 
~ NiNi N2 R2 16 

135. d. At I = 0, capacitor will behave like a shon circuit and the 
inductor as open circuit but as I ~ _. the nature is just 
opposite. 

136. h dq = - d¢ 
R 

= 2¢. =2J.1ula ln (2a) 
R R21t a 

J.lula In 2 
HR 

137. c. When the rod rotates, there will be an induced current in 
the rod. The given s ituation can be treated as if a rod A of 
length 3 t is rota ting in clockwise direction. while another 
rod B of length 2 ' is rOltlting in the antid()l;kwise direction 
with the same angular speed tV. 

As 
ForA: 

I 2 I 2 e, = 2B<»(31) ,"d e.= 2B(- <»j(21l. 

Resultant induced c .m.f. will be: , , 
e=eA +eB = 2,Bwt (9-4) 

e = ~ BW,2 
2 

. " 
138. a. Induced c.m. f. f Bvdx = f J.lul Bwb: 

2HX 
" " 

=> Induced e.mJ. = Polv In(~) 
2H a 

. . £2 
~ Powcr dISSIpated = R 

Also, power = F V ~ 
E' 

F=
VR 

F= -' [II' /V '"( ~ll' VR 2Jr II 

139. c" 
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8.122 Physics for IIT·JEE: Electricity and Magnetism 

d x 

dx( 2 2)'" R +x 
=0 

( 
2 ,)512 5x(, 2)·;/~ 

or R +x· -"2 R-+x 2.\"=0 

Of. R2 +x2 _5x2 =0 

140. a. 
Rate of incremcill of energy in the inductor 

= dU =~( .!.. Li21 = udi 
ill dl2 dl 

Current in the inductur ul lime is : 

( , ) . . eli i(l 
1=111 l-e r unu - = -e 

til [ 

dV 
-=()all=()andf=oo "I 

Hence, E is best represented by: 

141. a. L= 

Fig 8.436 

, , 
PuN-![1" ._-_ .. _._.-. , 

length of wire = N 2Jtr = Constant (= C. suppose) 

L= 

I." 

Sc!f-indw.:tanee will bl!comc 2 L. 

142. b. 

Using 

eoeooo 
Fig 8.437 

·dl 
VA-VH=RI+L-

.II 

l40=-5R+toL 

00= 5R- IOL 

L=4H 

143. b. fEdF = _ d¢ 
dl 

And taking the sign of flux according to right hand eurl role, 
we get. 

f EdF =-(-(-aA) - [- aAj +[ -aA)) = -aA 

144. a. Given: 
Vo1t<lge in prim<lry, VI,= 2oo V 
Current in primary. ii' = 2 A 
Voltage in set:undury. V,= 2000 V 
The relation for the current in the secondary is 

V, =i,) => 200J=~=2x200 = O.2A 
VI' i, 2oo i, 2(XX) 

145. e. Flux cunnot change in a superconducting loop. 

146. h 

Finally. Li = 2 J[R2 X B 

I' 

A 

?x![R" xB 
i = ----,-

L 

c 

Q 

Fig 8.438 

We connel't a conducting wire from AlOe and complete the 
semicircular loop. 
The c.m.1'. in the semicircular loop is zero hecause its 
magnetic nux does not change. 
.. e.m.f. of section APe + e.m.f. of section CQA = 0 
.. e.m.f. of section APC=e.m.f. of sectionAQC= 2BR2({) 

147. b. Equivalent inductance 

Loq=L+2L=3L 

C"q= C+ 2C=3C 

Frequency of oscillation 

f"= ' = c-"r=="' 
. 2J[)4'(ICc~ o/riiI 

148. a. The nux in the rectangular loop due to the current in the 
WlfC IS 

,r 

.' ,r, 

Fig 8.439 
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¢= 
,/+1>. • I d J POl (/ dx = J1u lll In ~ 

d 2ff.r 2lf Ii 

Mutual inuuC'la lKc i~ 

f/J Pu" h+d M= - ",--In---
. 2lr II 

Mutual indIK"wm:c is propOr1ional In <I 

8dll Bd", fir 
149. a. t: = -- = -lm'- J = 82m"-

dl dl til 

150. c. Just hefure opening. the switch. lhL' (urrent in IhL' inductor 

I ('-J' is elR. Energy stored in il ::: "i t. H. 
This energy will dissipate inlhl' resis lllr.\ RI HIlU R~ in Ihe 

. I d I 
ratio - all -. 

HI R~ 

151. h 

p 

Fig N.44t.1 

Q 
Charge 011 the differential clemen! d,l, dc! '" d\ 

Equivalent current. di = fdq 
.. In<lgnclk moment orchis deml'1l1. "f.1 = Idi ) NA (N;:; I) 

") . . (J 
::: lffx-)l tdX 

m = J;' tip = ff/Q I' xed,. 
() f U 

I . , 
!1 = -ffjQ C

) 

152. d. Sinn~ all the wirL's aft' C(Hlneel<.'d h<.' lwecll rim and 1l.\1\:. 

they will generate induced c.rnJ. in paralJel. hence it IS's:ime 

for an)' number of sp()ke~ , 

11¢ 
q= -

R 
153. c. 

6rp= qR = llfCll of i - {graph x H 

154. h ,= ('xli)I 
e= [ix(3i +4]+sk)]5) 

~ e=25V 

155. b. Time constant = ~ = 50 ms 
20 

So 

156. d 

Farada/5 Law and Leni5 law 8.123 

i"" O.63J I,,,,, = 0.633 !i. .. R 

J .16Sx20 
(= --.-- = lI)(JV 

O.6J.1 

[l' II",' 1 1 
(1)= (BJ/? )S= -··R t'·JS 

, ("'U'SI) 
= 11----

R 

, lOA)' (, X 10·')' (, X 10')(' X 10" ) 
= " --_._-_ . __ ........ _._--_ ... __ . 

I 00 

= 1f/~(lOOnO)X 10 12 

= I x It)"xx ]()()(:.,,= IO())= IO -4J=O. 1 mJ 

157. h Thc fic lds at A and Bare (lll! 'It"the paper and insiue the 
paper.respcl"tiwly_ 

(.) I 
) 

0) I j ;--~X 
I @ , 
I l 

Fig 8.441 

As the ("ll1"r(..'nl in the straight wire decrease~, the fidd also 

dt'crca:-'l'~. 

For /J 

I t 
I 

I I I 

1 I I 

I 
~ di 

8: I 
il j 

, ( -r) 
, -0; 

Fig 8.442 

The change in the magnetic field which causes induced 

current (1':.0) is along (+ Jz direction. 

Hence, induced e.mJ. llnd hence current should be such as 

to oppose this change t:Jj. 
Hence, induced e.mJ. should be along -z direction which 
results in a clockwise current in B. Similarly, there will be 
antidockwise current inA. Hence (b). 

158. b. When the ring falls vertically, there will be an induced 
e.m.!". w.:ross A llnd B Ie = BI'(2r)). 
Note that there will he a potential differem.:e across any two 
points on the ring, and the line joining these has a projectcd 
length in the horizontal plane. For cxample, between points 
P llnd Q therc is a projected length x in thc horizontal plane. 
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8.124 Physics for IIT-JEE: Electricity and Magnetism 

c 

, D , 
~ 

X 

Fig 8.443 

p.d, across P and Q is 

V=BI'x 
But for points C and D. x = 0 

Therefore. p.d. = 0 
Hence (b) 

159. c. 

, , , , , , , , , , , , , 

-v 

Fig 8.444 

I 
2R 

1 
Considering a projected length 2R on !he ring in venical 
plane. 
This length will move at a speed I' perpendicular to !he field . 
This resuhs in an induced e.m.f.: 

e = Bv (2R) in !he ring. 
In ring A, eA = B (- v)(2R) 

In ring8, e8 = 8 (v)(2R) 

Therefore, potential difference be!wecn A <lnd B 
= 8 (v) (2R)- 8 V- v)(2R) = 4 81'R 

Note: There will be no p,d. across the diameter due to 
rotation. 

Alternatively: Considering rotation of diameter about 
lowest point: 

BW(2r)2 
e = = 2 Bvrin A (since pur::! rotation) , 

and t! = - 2Bvrin B 
Hence (c) 

160. a. The graph of current is given by 

J ' (I -llr di io --Or = II) -/' )~ -= -e 
lit r 

Energy stored in the form of magnetic field energy is 

I " UB = -LI ~ 
2 

Rate of increases of magnetic field energy is 

R = dUn = Li di = LiJ (l-e-"')e- 11r 
dt dt T 

This will be maximum when dR = 0 

~ e- 1IT= 112 
dl 

Substituting, 

R~= L~J = L~ (I _ ~)(~) 

= LiJ =[L(EIR)']=£ 
4, 4(LI R) 4R 

161. a. When the key is at position (2) for a long time, the energy 
stored in the inductor is: 

[, m":J' 
" R, 

Fig 8.445 

LE' 
'Rt 

t 

This whole energy wi!! be dissipated in the furm of heat 
when the inductor is connected to RI and no source is 
connected. 

R, 

: 
Fig 8.446 

162. b. When the switt.:h is at position I: 

I , LE2 
V/j = lUi; = 2R2 

Just after the switch is shifted to posiiion 2. current, 1= Ii is 
R 

!lowing across !he resistance. Hence, at that instant, p.d. 
acrosSo-r.ltsistance will .he 

.6.V= JR :c. §..R = E 
R 

163. a. If we consider the cylindrical surface 10 he a ring of radius 
R, thcre wilt be an induced e.m.1'. due changing lield. 

x x 
x x x/x 

R' 
x x x :,x x x 

• x x x , , , 
, , , , 

, , 
I' 

Fig 8.447 
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S
-- d¢ dB E.dR.=-=-A

dt dt 

Force on the electron 

eR dB 
F=-Ee=- --

2 dt 

. l eRdE 
~ AcceleratIOn::: - --

2 m dt 

As the field is increasing and is being directed inside the 
paper, there will be anticlockwise induced current (in order 
to oppose the cause) in the ring (assumed), Hence there will 
be force towards left on the'electron. 

164: a. The equivalent diagram is 

R, 

R, 

1"'1g 8.448 

The induced e.mJ. across the centre and any point on the 
circumference is 

B(I)r~ 
Current through R I = --

2R, 

165. c. There is a force FM ::: I (d Ix 8) acting on the rod 

carrying a current 1. 
By the rule of cross produce, this force is vertically upward. 
EB.D. of the rod: 

F 

w 

Fig 8.449 

Faraday's Law and Lenis Law 8.125 

F-W= rna 

F-W 
a=--

m 

The magnitude of acceleration will be constant, but the 
direction will depend on the mass of the rod. 

166. c. Considering pure rolling of OA aboutA, the inducede.m.f. 
across OA will be I 

1,1 = Ba>i')' 
2 

From Lenz's law, a will be the negative end, while A will be 
the positive end. 

BOJr2 

Hence, vo-v .... =--2-

167. d. Fb=BIL 

Induced current: 

x 

X 

X 

X 

X 

X 

X 

R 

X 

X 

, 

X 

X 

~ 
X F, 

X 

X 

X 

Fip; 8.450 

X 

X 

X 

X 

To maintain constant angular vclno,:i1 y. 

F(r) = ri,(l12) 

, , 
F== Fi, = B (or 

2 4R 

X 

X 

X 

X 

X 

t X 

168. c. Flux through a d(l~cd circui1 t'OIl1ilillillg an im.luctordoes 
not change instantaneously. 

169. a. Force on the wire = iPB, 

·'B 
Acceleration == -' -

m 

. UBr 
Velocity = -

m 

. ~f ,=-
/I 
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8.126 Physics for IIT-JEE: Electricity and Magnetism 

170. d.Equivulcntcircuit 

£ 

E 

E= BPi' 

e= 2r 

~ 
RI2 

Fig 8.451 

E= B(2r)v 

E B(2rlv HBrv 
1= -= ---= - -

R' RJ4 R 
171. a.Given. 

L I = I mH,f-:,=1mH 

RI = 1.2.R2=2.2 

In the lirstcircuit, 

L=LI+l.~ 

R= RI + R, 

L JmH 
'1= ~=-- = Ims 

R 3.2 
In the second circuit. 

~~ .2xl()"h .2 
L= --= -.-~:- =- -· xIO 

~ +L, 3x]()' .1 

R= RIR2 =.2 
RI +R2 J 
, 
::- x Io-·J 

-'--- = I ms 
213 

In the third ci rcuit. 

172. b. 

173. c. 

L=LI+L~=JmH 

R= RIR: = 2 
RI +R, .~ 

L 3xIO "\ t) 
- = ---"= ~ ms 
R 21J .2 

11'1= 
dA u·-
d' 

1/' 1= 
( II , - AI) 13 _ ... "0. 

(/1 - ' I ) 

lel= 
I(J-O) 

(I 0) 

(As R 

4" 

L- Smtt my 

(d~ 

(~ ) 

Fig 8.452 

.1 
= ·- ::::I.5A 

2 
?() --.1... -

t,= ':- e IW" C~ I .OA 
10 

'"' 
Fig 8.453 

Fl"lllll ~llpeqhl~it i \1I1 

1 = / l t/!~2 . ."iA 

174.d.f· :o: 5 (i:l-,/hdi .;:=;. 

di. fl 
175, II. I . ,= -- .--:. /:. ,)I' I ." ._. - \;f 0 -s, -S 11> 

d, I. 

176. II. 

'I",,, , '" he 
177. :1. "'/h\.'n Hl\.' ~witch is cl(l~t"d. the ,'urrent flows through the 

(oi l a.\ ~h(lwn .ll1d thu~ sets Up:l Ill agllctit nux/through the 
,'oi II inking till" rill,!!.. Thc Illotinn of the ring wil l he such that, 
hy Lcnz's luw. it opposes the sudden incrcase in Ilux linkage 
from Ih(' west. Henct', the ring moves towards E (cast). 

17K d . .:. ~. (~Il! 
. dl 

. ..g I Ii (i dB 
~ I == -- = - ·· _ · {!1;\) == ~--

H. U iii R dl 

whl'r\.· lfrc == area nrlhc Inop ol"radills rand I? = resislance of 

th..: l\ K'P 01" length C lfrl allli a rea 0 1" Cfl\ ~ ~ sect ion lft/. 

pI p {2lfr) 
R= --, = - - , -

;ru If(l' 

Further mass 01" wire is III ~ (lfIl 2)(2Jrr){d) 

(Jr(l 2 )(lfI ) dB 
i ~ ---- - - -

p{2Jrr) .I, 

(If(/ ~ ) { 2lfrl d/1 '" dB 
i= => i ==-- -

4ffP .I, 4Jrpd til 
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179. a. lel = d; ~ 
dl 

dR 
IE I=A

dl 

le i = Bod
2 (dx) 

a dl 

180. h 

Since 

lel= Bod
2
vo 

a 

I 
1= .J!..at t=tu 

" 

r= _'0_ 
' Iogr a 

181. c. Since, E = drp =!i..(NBA) 
dt dt 

e= .!!.[NA(Po"l)j; e=NAl1on(dl ) 
dt dt 

where N is total number of turns in the coil and n is the 
number of turns per unit length in thtl solenoid. 

E= (300)(1.2xI0-·1)(4/rxlO-7 )x 2000 x~ 
0,3 0.25 

E= 4.8x 10-2 V = 48mV 

182. d. Let m be the mutual inductance between X and Y. By 
definition 

dl, 
Ey= M- => 

dl 

dl E 
E=M-=MI; M =-

dl I 

ThefluxlinkedwithXis rpx =Mly =E 10 
I 

183. a. Fore.mJ. to be induced e, v and B can never be coplanar, 

184. h 
L 
-=2xlO-3 

R 

L 
R+90 = O.5x ]()-5 

From 0) and Iii). on solving, we get 

L= oOmHandR=30W 

185. d 101= o=-J '-!_. ~!lxQRdli.z"'-),R 
. 2trR tit 

drp = -BMW- Rk ~ J ' . _ _Bm/2 it -
(V = k 

mR 

(i) 

(ii) 

186. a. 

187. II. 

Faraday's Law and Lents Law '.127 

SR 
Req = 6 ~ 1=6E=lA 

SR 
rp= 2/rer 

G 
Fig 8.454 

. drp llr 
E= -=2m'-

dt (It 

d, 

[r=ro+kt] 

So E is ~onstant 
188. d. The fronl view of the arrangement is as shown in 

Fig. 8.455 

x '" f .. ' mgco~ 8 

!1'~ '\ , m, 
Fig 8.455 

From initial condition. mg sin ()=pm8 cos (] 

~ p= tan () 

Now. 

ma= 1St cos ()-ml( sin 8- J1N 
N= mg ~os 8+ lEt sin (] 

lBt "IBt sin1 
() 

a= -cos()-2gsm()----
m m cos(J 

IBCcos2(J . = ----2gsm(J 
m cos() 

I , I [ IBf.COS2(] 2 • el' s= -at =- ---- 88m t 
22m cos() 

189. b. Atl= 0, charge on C is zero. sop.d. across C is zero, so also 
across R the p.d. is zero. Hence there is no current in R. 
At t = 00. current through L is maximum and constaO!. so p.d. 
across L is zero. therefore p.d. across R is zero. Hen~e no 
current in R. 

190. c. 

I , 
. Ll- '" 

2 

~ / _ 1' ,Ir", 

r 

'[1/1' ] 1'[1 ''''J'_lo
' 2: 2 . n ~ u -(> - '"T 

I ,fi - I 
1- - =--

,fi fi 
[fi -') In Ii - :::::} 1= r,,,[ !-] 

.... ~ -I 
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8.128 Physics for IIT.JEE: Electrld ty lnd toIagnt!ttsm 

LI ( . .fi ) I=-n ~ 
R ,,2-1 

191. c. Because A and C are at equal distance from B. nnd their 
flux across B is in opposite direction, so at any time nux in B 
will be zero. Hence noe.rn.f. is induced. 

192. a. 
I I I 

tl)= -;~=L,q;'L,q- = J2LC/2 = -.jLC-c 

193. & {(I)= _ d¢",: ~(t)=-!!.[Ba] 
dl dr 

dB 
§el)a -a-

dl 

((I) = - a/J<O [:. /J>O] 
The e.rnJ. is constant and negative, so that induced electric 
field points around the ring F'2. towards Fl' So face FI will 
develop an excess positive charge. 

194. a. c= d¢ 
dl 

1= L!!!.(BA)=~dB 
R Rdt R dt 

[ in magnilude) 

whereA = !trl = area of loop of radius rand R = resistance of 
the loop of length (2m) and area of cross-section !tal. 

R= pI =p(2H') 
Hal Hal 

Further mass of wire is m = (;rra1)(2!tr)(d) 

1= (nul X;rrrl) dB 

P(2,,,) dl 

(!to2X2nr) dB 
i= ~ 

. m dB 
1=----

4Hpd d, 4;rrp dt 

195. s, At t = 0, Le., when the key is just pressed, no current exists 
inside the inductor. So Jon and 20 n resistors are in series 
and a net resistance of (10 + 20) = 30 n exists across the 
circuit. 

2 I 
Hence, II = - =-A 

30 IS 
As t -+ 00, the currenl in the inductor grows to altain a 
maximum value, i.e., the entire current passes through the 
inductor and no current passes through 10 n resistor. 

2 I 
Hence, '1= - .. -A 

20 10 

E 
196. c. 10 '" Peak value '" 2R 

Total heat produced ncross R is H "'~ Ll5 
I E' 

H= 'i(2L) 4Rl ~ 
LE' 

H=-
4R' 

197. s. From Lent's law if one rod is moved away from thesecond 
rod then the second rod will be attracted towards the first 
rod. 

198. d. Potential difference across capacitor 
V = Bvt = constant 

Therefore, change stored in the capacitor is also constant. 
Thus. current through the capacitor is zero. 

199.a. VII - VII" B·(txY) 

(ii xi).i = Y·(iix i ) 

(v xB).(= f ·(v xih 
200. c. The equivalent resistance of five resistor is 3 n 

{It Is a balanced Wheatstone's bridge) 

So RloIAI=3+1=4n 

.. (10·')(4). (2)(0.1)V {·:,= ·IR=BIVI 

~ V=2cms-1 

201. c, The relative velocity of approach becomes 2v. (Le. , 
doubled) so induced e.mJ. is also doubled i.e. becomes 2e. 

202. d IEI = d¢ 
d, 

let", A dB 
dl 

lei · (d') :, [ Bo(I+~)l 

1£1 = (dl)Bo(O+~:) 
lel- Bod1(dx) 

a d, 

lei", BOd1Vo 
a 

203. b. e.mJ. induced across the rodAB is 

e= jj.(lxv) 
= Biv sin (J 

=2 x2x2xsin30 
e;:::. 4V 

Free electrons of the rod shift towards right due to force 

q(vXB) 
Thus end P is at higher potential 
or Vp-Va:::4V 

Thus. choice (b) is correct. 

204. d. See the unit vector of B and v make e.m.f. zero. 

Multiple Correct 
Answers Type 

1. b.,d. 

'. ' 
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Let R be the resistance of t~e ring. Then curr~nt in the ring 
. . e 
IS 1=-

R 
Consider a small element dl on the ring, 

c.m.f. induced in the element, de = (l) dl 2". 
resistance of the element, dR = ("!!")d I 2". 
:, Potentill! difference across the element 

2.a.,b. 

At 

=de-idR 

= ("'!-)dl -(!')("!!" )dl :O 
lira R 2xa 

6 
I<O,h=6'=lA 

At 
12 

t»O,/L~ "'3 =4A 

I¢! = L[I,- i,l = 500 x 10-3 X 3 = 1.5 Wb 
. . (a) and (b) are the comet choices. 

3. a.,b.,c. 

4. b.,d. 

, =4t n+6 

d¢ = 4n1 n_\ 

dt 

leI""'4nt~- 1 l e l= 4n • ,1-.. 

Flux remains constant here, so e.m.f. induced is zero. 
.5. a.,d. 

Flux changes due to the rotation of the semi-circle. 

6. b.,d. 

. dq d dv 
1= -"'"-(CvBt) =CBt-",CBta 

dt dt dt 

.. F-CB 2ia =ma 

F 
.: 7M:-.:-'B::;,-:it ,C::c 

~ e.m.f. increases 

~ charge increases. 

E= J vBxdf 

8. a., b., d. 

Rate of work done by external agent is 

df = BIL.dx = BILv and thermal power dissipated in the 
dt dt 
resistor = e1 = {BvL) 1 clearly both are equal. hence (a), 

:,'tl 

Faraday's Law and Lents Law 8.129 

If applied external force is doubled, the rod ~i1l experience a 
net force and hence acceleration. As a resu lt velocity 
increases. hence (b) , 
Since, 1=-

R 
On doubling R. current and hence required power become 
half, 
Since. P = B1 Lv 
Hencc(d) 

9. b., cl. 
Equivalent circuit: 

, 

(I) 

Ftg8.4S6 

BOJr
2 

( BOJa
1

) Induced e, m,f. e = -2-: -2-

By nodal equation: 

SX=4e 

4e 2B0Ja2 
x = -=---

5 5, 

X 2Bwa2 
and 1= -=--

, 5r 

, 

(ii) 

( '.: radius=a) 

Also direction of current in (i) will be toward negative 
terminal, i.e" from rim to origin Alternating, by equivalent of 
cells [Fig. 8,460 (b)]: 

10. 8.,b. 

1=_e_=4e 

• ' 5, , -
4 

As B.iA. ,hence;=Oand e = O. 
11. a.,c. 

L d1q +!L_ CV - q <= 0 
dt2 C C 

d
2
q + 2q-CV = b 

dt1 LC 

tV= ~ L2C 
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8.130 Physics for IlT-JEE: Electricity and Magnetism 

12. a.,e. 

CV 
q=- [I-cosar] 

2 

q'=CV-q= CV [I +cos lOt] 
2 

J 
CVlO. 

=+ --SlnlOl 
2 

Area in (YL - t) graph = L M 

::::}2(i/-O) = ~XI0X2 
::::} il = 5A 

13. a., b., c., d. 

. Br2lO 
Due to rotatIOn, e.m.f. = -2-

Due to translation indeed e.m.f. = BYr 

Where r is the separation. 
14.8o,b. 

di 
L- = Byl 

dl 
BI B2t 2x dy 

i= - xand --=-II1Y-

d= 

L L d.x 

3y~ mL J 
--'-2 where Yo = -
4B t M 

15. a., b., d.lel = BA W sin lOt 
¢J = BA ·cos lOt 

lei is maximum when lOt= ~ 
So 9is zero. 
lei is zero then lOf=OsO ¢J= is maximum. 

16. b.,e. 
17. a.,e. 

Current induced in both A and B will be in same direction. 
So they will auract each other. 
A is closer to magnet, so rate of change of M in A will be 
more. So more current is induced inA. 

18. a.,b. 
The coils are in parallel, so 

dJ, dJ, f f L. dt = Lz dt => Lid!) = L
2
dl2 

=> InitiallY!I=O,!z=O => ('=0 

So L1!I=Lzlz 
19. a.,d. 

I . 
e = - hw(2r)2 = Hw2r2 = BI'2r 

2 
Net inducede.m.f. in the ring will be zero. Hence no current 
is induced. 

20. a.,d. 

E= liJ = ,,,q 
6 6 

This expression is independent of R as long as the radius of 

the ring exceeds the radius ~ of the solenoid. 

21. b.,e. 
Each wire can be replaced by a battery whose e.m.f. is equal to 

Bey= I x4x iO-2 x5x 10-2 

= 20x 10-4 V 

The polarity of the battery can be given by Fleming's right 
hand rule. When both wire move in opposite direction, the 
circuit diagram looks like as shown in Fig. 8.457 (a). 
The effective e.m.f. of the two batteries shown in the diagram 
is zero. 
So. choice (b) is correct and choice (d) is wrong. 
When both wires move towards left, the circuit diagram 
looks like as shown in Fig. 8.457 (b) 

E 

" 

2R 

,., 

(b) 

I.. 

" -
Fig. 8.457 

'" 

OIl 

Effective e.m.f. of two battery shown in E(= 20 x IO-4V) and 
internal resistance is I n. 
Hence, current in the circuit is 

i= 20xlO-4 =0.2mA 
\0 

Hence. choice (c) is correct and choice (a) is wrong. 
22. a.,e. 

Use Lenz's law. The motion of ring will be opposed. 
23. a., b., c., d. 

Use concept ofmlltinnai c.m.f. 
24. a .• d. 

At the poles. the earth's magnetic field is vertical. 
25. c.,d. 

Replace the ring by a ditlmcter perpendicular to its directior 
of motion. The spin of 1I ring about its axis Cl}uses no e.m.f 

26. a.,b.,d. 

Charge flowing in the circuit = I:::.¢J 
. R 

where. fl.¢J= change in flux 
= ¢:,nAI - ¢ini!iu l 

R = resistllnce in the circuit 
27. B., c., d. 

Charge flowing in the circuit = fl.: 
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where, l:!.¢= change in flux 

= !/Jr., .. ) - ¢ ini!iloJ 

and R= resistllnce in circuit 

28. a., d. 
If Ihe normal to Ihc plane of Ihc coil makes un angle 8wilh 
the direction of B. thc flux Hnked with the coil is 

29. c.,d. 

¢= BAn ,-'Os (} 

= BAn cos ( a)l) 

(.,' the coil rotates with an angular velocit ), OJ) 

f d' B . c.m .. = l!= - = AntVsm(WI) 
dl 

When switch is just closed in thc dn:uit shown. at Ihal 
moment current thmugh the circuil is zero. Henct!, c.m.!'. 
induced acfOliS the indul'tam:e L will ~ e4ual to c.m.1". £ of 
Ihe hattery. 
BUI as the current through Ihc circuit inaeases. the induced 
c,m.!". in the solenoid decreases. But induced c.m.!'. in the 

I .. I di so enl>ld IS equa to It-1= L - . 
dl 

Since ~ decreases as Ihc time pusses. therefore. thc graph 
dl 

for inducl!d e.m.f. l' lind time I will he a~ shown in option (d. 

Hence (a) is wrong and (c) b CI,)(~CL 
The graph for current should he su..:h that al inilial moment 
current is zero and curren! increases wilh the lime in such a 
way Ihal lhe rate of increase of ~'urrelll gradually decreases, 
Henl,.'<. slope uf the current- lime o:urve shou ld del.'rease with 
lime. Therefore. the graph between current und time will ~ 
us shown in option {d), 
Hence (b) is wrong and (d ) is Cl1rrCO:l. 

30. a.,c. . ' 
In I~ circuit shllwn in the figuT\~ in prohlem. to nand 120 
resistances ure in parallel with euch \llher and their parallel 
combination i .~ in ~erjes with 4 U and Ihe inductance of 2H. 
Hence. equivalent resistance o f these Ihl"~e rc.sistallo:es is 
equal to 8 O. Therefore. Ihis circuit may ~ redul"ed to the 
circuil as shown in tigun!. 
The time conslant for the circuit i .~ 

~ 1. 2 
"' = - =-= 0.25s 

" K Hence (a) is correct. 
In steady state, no e.mJ. will he induced in thl.' inductance. 
Hence current through the circuit will he equal to EIR w~re 
R is the equivalent resis tance. Hence. Ihe steady stale 

current will he equal to i = 0.75 A. 

Hence (c) is correct and (b) is wrong. 

Assertion-Reason i ng 
Type 

1. a. It is obvious Ihal nux linkage in one ring due to current in 
other coaxial ring is maximum when x = 0 (as shown) or the 
rings are also coplanar. Hence under this condition their 
mutual induction is maximum. 

faraday's la.,., and Lents law 8.1)1 

d¢ 
2. a.As, E=-

dl 

, 
.' 

, , , 

., 
Fig. 8.458 

" , , 
} 

:. thert! will be no chunge in the flu :w. in DC. 

t.¢, 
J.v..I=--

R 
As R is o:onstant, I oc 6.¢/J' 

4. d. Even though nux through individual line!; changes, it 
remains unchanged for the solenoid as a whole. Therefore 
no e.m.f. is induced in the long solenoid. 

5. d. Lenz's law is based on conservution of energy and 
inducede.m.f. always opposes the clluse of it, i.e .. change in._ 
magnetic flux. 

6. Co Presence of magnelic flux cannot produce current . 
7. ft. If inductance of solenoid increases. reactance of circuil 

also increases. then obviously current will decrease and 
light becomes dim. 

8.8. When AC passes, due 10 local oscillations of bound 
charges, current is conducted but in DC, as there are no free 
charge carriers in dielectric. the current cannot be conducted. 

9. c. L is dependent only upon geometrical parameler. 
10. a.6.W=q(6.VI 

Here 6.V= non-zero in a closed loop. 

11. ft, - ~ii . di along any closed path within a unifonn magnetic 

field is always zero. Hence the closed path can be chosen of 
any size, even very small size enclosing a very small area. 
Hence we cun prove thut net current through each area of 
infinitesimally ~mall size within region of uniform magnetic 
field is zero. Hence we ~'an ~ay no current (rather than no net 
current) nows through region of unifonn magnetic fie ld. 
Hence statement 2 is correct explanation of statement I. 

12. d. The current in R-L circuit grows exponentially 

f= lo(l-e -1M L
) 

13. c. Magnelk lines are present in closed loop. 
14. c. Electric field generated from lime dependent magnetic field 

obeys Lenz's la ..... . 
IS. d. When curren! due to external soorce decreases. induced 

current will be in same direction. 

16. b. For solenoid BcrwJ = .!. (Bin) 
2 

Also for long solenoid the mugnelic field is unifonn within it 
but this reason is not explaining Ihe assenion. 

17. B. The force on a charged particle moving in a uniform 
magnetic field always acts in direction perpendicular to the 
direction of motion of charge. As work done by magnetic 
field on the charge is zero. W = FS cos 8, so the energy o f 
charged particle does nOI change. 

18. c. Coefficient of coupling between them 

M = K2 L]LZ 
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8.132 Physics for IIT·JH: Electricity and Magnetism 

When two coils are wound on each other, the coefficient of 
coupling is maximum and hence mutual inductance between 
the coils is maximum. 

19. d. As the coil rotates, the magnetic flux linked with the coil 

(being B . A) will change ande.mJ. may be induced in the loop. 
20. b. According to Lenz's Law when a magnet is moved towards 

the coil, the direction of induced current is such that the coil 
repels the magnet and when the magnet moves away from 
the coil, the coil attracts the magnet. 

21. a. The capacitive reactance of a capacitor is given by 

1 1 
Xc= we = 271fc 

So this is infinite for d.c. (j = 0) and has a very small value for 
a.c., therefore a capacitor blocks d.c. Hence (1) is true. 

22. d. Magnetic field cannot do work, hence statement I is false. 
23. a. Obviously statement 2 is the correct explanation of statement 1. 

24. a. pS.dl along any closed path within a uniform magnetic 

field is always zero. Hence the closed path can be chosen of 
any size, even very small size enclosing is very small area. 
Hence we can prove that net current through each area of 
infinitesimally small size within a region of uniform magnetic 
field is zero. Hence we can say no current (rather than no net 
current) flows through the region of uniform magnetic field. 
Hence statement 2 is the correct explanation of statement 1. 

Comprehension 
Type 

For Problems 1-2 
1. b., 2. C. 

.1.41B M _ftr2 
Sol. E =---=-B-=-B--

eq 8J !::J 8J 

= I X n(0.1O)2 = 0.1 V 
0.314 

• ~!I;-.,i' ." ;'( ,: 

.:F " ;. 

Since the flux through the loop is decreasing, the induced 
current must produce a tield that goes into the page. Therefore 

. e 
the current flows from point in clockwise direction lav = ~ 

= ~ = lOA 
0.01 

For Problems 3-4 
3. b., 4. a. 

Sol. elltJ =JI> delltJ = J1oiL J
hdr =J.ioiLln(b/u) 

a 2ffar 2ft 

dell J.i L di e=--' =-'-In(b/a)-
dt 2ft dt 

For Problems 5-6 
5. a., 6. c. 

Sol. 
I dA I 2 dO 

A= 2r20~ -;;;="2 r dt 
d<ll I dO 

e= --=-B-r2 -(as¢=BA) 
dr 2 dr 
I , 

11= --wBr 
2 

R 

x x x 

x x 

, 
B 

x x 

x x x 

x x x 

Fig. 8.459 

The current is anticlockwise in the loop as it is entering 
region II. 

TI2 T 3m 2T 

-112 BrL OJr--

For Problems 7-8 
7. b., S.c. 

Fig. 8.460 

- , 

Sol. Magnetic field on the axis of a circular coil is given by 

B "': f.ioiR2 
2(R2+~)312 

Since x» R, therefore, magnetic field at the centre of the 
smaller loop is 

B "" J.ioiR2 
2x' 

Flux linked with coil is 

II_ffiR2 2 
¢ = B(!rr2)=rtJ r 

2x' 
b. From Faraday's law we have 

d¢ 3J1!tiR2r2 
E=--= 0 v 

dl 2 X4 

As the external magnetic field at the position of smaller coil 
is decreasing, the induced magnetic field is parallel to 
external field. 
Hence the direction of current is anti clockwise when seen 
from the top. ' 
For Problems 9-10 
9.a., 10. b. 
Sol. e.m.f. is induced in the loop because area inside the 
magnetic field is continually changing. 
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FtQm q = 0 to Jr, 2n to 3n, 4mo 5n, the loop begins to enter 
the magnetic field. Thus the.magnetic fie ld passing thro.ugh 
the loop is increasing. Hence, current in the loop i"s 
anticlockwise, and for ()= ?rto 2n, 3nto 4.1r. 51Oto 6JZ', etc. 
magnetic field passing through the loop is decreasing. 
Hence current in the loop is clockwise. 
Angular acceleration of the loop is constant, therefore angle 

turned in time t is B= 112at2 and time taken, f = .J21t1 B 
t l = time taken to rotate angle 

1(= 12" . va 
From t = 0 to t= t l • e.m.f. is negative, 

12 = time taken to rotate angle 2n = J¥ 
From t = II to t = 12, e.m.f. is positive 

til = time taken to rotate angle 

mr=)2:R 
Area inside the field is A =~ R28 

A='!R2at2 
4 

So flux y assing through the loop, 

I 
f/J = BA =- BR2ar2 

4 

e= id¢i =.!BR2at 
dt 2 

e~t 

Le., e-t graph is a straight line passing through the origin. e-t 
equation with sign can be written as 

e= ~-on(~BR2at) 
Hence n = 1, 2, 3, ... is the number of half revolutions that 
the loop perfonns at the given moment. 
The e-l graph is as shown in figure (b). 

For Problems 11-13 

11. d., 12. a., 13. b. 
Sol. The large circuit is a circuit with a time constant of 

'r= RC = (10.0) (20 x 10-6 F) = 200l1s. 

Thus. the current as a function of time is 

At 

. (IOOY) -2~IlS <= - - , 
Ion 

t = 200 ms, we obtain 

j= (10 A)(e-1) =3.7 A. 

Assuming that only the long wire nearest the small loop 
produces an appreciable magnetic flux through the small 
loop, 

Faraday's Law and Lents Law 8.131 

~ ' - , Jc+aPoibd _J.Ioib l (I a) 
''1<'8= -- ,---n +-
'. c 2nr 2n c 

. -, " , ' . , 

So thee.m.f. induced in the small loop at t = 200ms 

d<l> !lob (. a) di 
£= -Tr=- 2n In l+~ dt 

= 
21( 

xln(3.0) ( _ 3.7 A ) 
200 X 10-6 s 

Thus, the induced current in the small loop is 

i'= %= 25(0.60~~)7~on/m ) = 54)lA. 

The induced current will act to oppose the decrease in flux 
from the large loop, Thus, the induced current flows 
counterclockwise. 
Three of the wires in the large loop are too far away to make 
a significant contribution to the flux in the small loop-as 
can be seen by comparing the distance to the dimensions of 
the large loop. 
For Problems 14-15 
14. a. ,15. i., c., ii., a. 
Sol. Casel 

, , 
R _ 

, 

[ 
R 

,n 

Fig. 8.461 

, 8/, 
1= = 

R+(r I2) R+(rl2) 

Case II 

r 1) - I' 

R 

,. , 

Fig. 8.462 
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8.134 Physics for JIT.JEE: Electricity and Magnetism 

-(/1 -I')R-/lr+e =0 For loop (1) 

r(/1+1')=2e Forloop(2) , 
Solve to get, II = I' = -

R 
Hence current in 'R' is zero. 

II. e l BI VI' e2 = BI v2 

r-------r ,-----, -!!~I~,-'I'--'"" 
.:. " " 

o CD 

I " '-------'-'-~-'------" 
II 1-11 

For(l) ~e2 = (1-11 +/2h +/2R2 
For(2)~el +e2=(/-/1 +IVr2+lrl 
For(3)~el =Ir l +/IRI 

. BiR (V", - ",) 
Solve (0 get II = 2 1 

R1R2('i +r2)+r2'i(RI +R2) 
./ For Problems 16-17 

16. b., 17.8. 

(i) 

(ii) 

Sol. Note that the magnitude of magnetic field as well as area 
enclosed by the circuit is varying. 
The magnetic flux is 

ifJ=BA=Btx 

difJ = B dA +dB A 
dt dt dt 

=B[dx+dB A 
dt dt 

. In the given problem dx = -v as it tends to decrease the flux. 
dl 

According to Faraday's law, 

Einduced = - difJ = -[-BtV+ dB A] 
dt dt 

= -[(0.1)(5 x 10-2 )(5 x 10-2 ) + (0.2) x 

(5X5XIO-4)] 

The net rate of change of flux is positive, hence the 
secondary magnetic field must oppose it; it is directed into 
the page. The induced current is clockwise in accordance 
with the right hand thumb rule. 

25 x 10-5 

Induced current I = -4 = 2.5 A 

For Problems 1S-20 
18. a., 19. c., 20. b. 

IO 

Sol. a. The curren! of the battery at any instant, I = EIR. 
The magnetic force due to this current 

EBl 
FB = IBL=-

R 

This magnetic force will accelerate the rod from its 
position of rest. The motional e.m.f. develo.ped in the 
rod is Bev; 
the induced current, 

Btv 
linduced= R 

The magnetic force due to the induced current, 

8 2t 2 v 
Finduo;(!d = linduced = --R-

From Fleming's left hand rule, force FB is to the right and 
Findueed is to the left. Net force on the rod = F B - Finduced. 

From Newton's second law, 

dv 
F8=Finduced= m

dl 

EBI B2t2v dv ----=m-
R R dt 

On separating variables and integrating speed from Vo to 
v and time from 0 to t, we have 

dv = ~dt 
E-Bvl mR 

r' dv Bf r'd 
Jo (E-Bvl) - mRJo t 

,o(E-BVI)= _B2[2 t 
E mR 

E-Bul B2P 
"--;~= '--I 

E mR 

E (' -II"!) V= - -e Bf . 

mR 
1=--

lBf)2 
where 

h The rod will attain a terminal velocity at t~oo, i.e., when 
e-t/I = 0, the velocity is independent of time. 

E 
uT = Bi 

c. The induced current linduccd = BivlR. When the 'fad has 
attained terminal speed, 

Ilndu«d= ~X(!)=EIR 
The current of banery and the induced current are of same 
magnitude, hence net current through the circuit is zero. 

For Problems 21-22 
21. 8., 22. b. 

Sol. 

.. 
h 

E= ~(:) 
B= pnl 

dB dl 
-= pn 
dt dt 

= #0(900) 60=(4Jl'xlO-7 )x900x60 

= 216Jl'xlO-4 TIs 

E= (0;5 X 10-2 )X2161l'XIO-6 

= 541l' xlO-l! N/C 

E= lOOJl'xlO-8 N/C 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



Ji'or Problems 23-27 
23. c., 24.a., 25.b. 26.b., 27.b. 

Sol. d¢ JJ = A dB = m/ dB 
dl dl dl 

8 

d8 

d, 

E= _'_dCl>II = 1lri
2 

dB = !LdO 
2/n j lit 21r1i dl 2 dt 

E 

Fig. 8.463 

d<fl Jj JrR2 dB RZ dB 
E= - - - = - - =--

2Jrr2 dt 2Jrr2 dl 2r2 dt 
For Problems 28-29 
28. d., 29.h. 
Sol. First let us consider an external point lind take the path 
for out line integral to be a circle of radius reentered on the 
solenoid, as ill ust rated in Fig. 8.465. 
By symmetry we sec that the magnitude of electric field is 
constant on this path and that is tangent to it. The magnetic 
nux through the area enclosed by this path is BA = BtrR2; 
hence the equation gives 

cp - _ d 2 ldB 
E ·{ls = - (BnR ) = - trR -

dt dl 

cp - _ 2(18 
E ·ds = E(2lfr)""-lfR -

dl 
(i) 

The magnetic field inside the long solenoid is given by 8 = 
111(/11. When we substitute 1 "" {mox cos WI into this equation 
and then substitute Ihe resu lt into equation (0, we find that 

, d , 
1:.1.2m ") = - JrR /Jo1l1 mn~ - (co..; WI ) ::: !lR- PolIl",,,, sin WI . til 

, 
PO"} ",ax wR- . (f ') E= sm (J)/ or r >!? 

2, 
Hence, the elcctric field varies sinusoidally with time and its 
amplitude falls off as I Jr outsidc the solcnoid. 
Proceeding as above, we find that 

2 
., dB 2 . 

E( Jrr) = - Jrr- - = Jrr Polll m~ sm 0Jl 
dl 

Polll ({) 
E= mal r sin ({)f 

2,· 
(lo r r < R) 

This shows that thc ampli tude of the elcctric fi eld induced 
inside the solenoid h:- :,1." ch.mging magnetic nux through 
the solenoid increases imcarly with r and varies sinusoidally 
withtimc. 

. . ' 

For Problems 30-32 

30. c. 31., d., 32. b. 
Sol. a. Forclarity, figure is rotated so it comes nut oflhe page. 

h 

c. 

• b 

Fig. 8.464 

e Ad~ L2 dB 
1= - =- - =--

R R dt R d/ 

= 
(O.20 m)'(O.0350 T is) 

1.90 n 

= 7.37 x 10-4 A 

1 I 2 dB (0.20 m)2 (0.0350 TIs) 
Eb= - £ = - L-= 
" 88 d1 8 

= 1.75 X 10- 4 y 

But there is a potcnlial drop 

V =IR= 1.75 X 1O-4 y, 

so the potential difference is zero. 

For Problems 33-34 

33. b., 

Sol. i. 

34., b. 
, dB 

E= - -
2 dl 

dB 
-- - B dl - 0 

o o 
. . 

Fig. 8.465 

a 
E= - 80 2 

fir= dF·a "" (dqE )·a 

r = Jdr=EtI Jdq = E aq 

. , 

(i) 
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8.136 Physics for I1 T·JEE: Electricity and Magnetism 

ii. Power 

a= 

Eq : I k . a= - antIc oc wIse 
/110 

p= r· IV 

£q 
= (Eaq) (at) = Eaq-t 

IIW 

E
2l p= --t 
m 

For Problems 35-40 
35.b. 36. a., 37. e., 38. a., 39. c., 40.b. 
Sol. Instantaneous current in the capacitor, 

q= CVc=(2X3e-2') =6e-2IA 

Currenl, ie ;;; dq'= _12e-21 A 
dt 

Current !lows from B to O. 

't 

Fig. 8.466 

From KVL, we have 

II. = ;1 +i2 +i(" = IDe -2, +4 _ ! 2,,-21 

= (4_2e-':'JA=(2+2(1-e-2'l(A 

iL vs. time graph is as shown in Fig. H.467. 
iL increases from 2 A tn4 A exponentially. 

' : ( .-1) 

4 .. . .. -

2 .. -

Fig. 8.467 

d;, 
L-· • 

tit 

= (4)~(4_2e-2r) = 16e-21 V 
dt 

VLdeereases exponentially from 16 A to 0 as shown in 

Fig. 8.468. 
To delermine VAC' we begin from A and end at C. From 
KVL, we have 

v, (V) 

16 

Fig. 8.468 

VA -Vc =1]RI-i~R2 

Substituting the values. we have 

V .... c = (lOe-2')(2)-(4)(3) 

v, (V) 

8 

12 .... -

Fi~. 8.469 

V~C= 120e -2'-121V 

At 1= O. V~c=X V 

Al I ='00. V .. \C", - 12V 

Therefore. VAt" decreases exponentially from 8 V to 

- i2Y. 

" 

--t----~-----, 

Fig. 8.4~O 

Similarly, we have from A to B 

V. ... -iIR]+VC = V8 
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VAB = VA - VB=iIRI-VC 

Substituting the values we have, 

VAB = (1 Oe -21 )(2) _ 3e - 21 

V,IB= 17e-2
, V 

Thus, VABdecreases exponentially from 17 V 10 O. 
As we move from ClOD, 

VC -i2R 2 -iL = VD 

Ve/)= Vc- VD=i2R2+iL 

Substitllling the values we have, 

VeIJ = (4X3)+ 16e-21 

12 - -_. _. 

Fig. 8.471 

Veo= (J2+16e-~I)V 

AI 1= 0. Vcn=28V 

and a! 1=<><>. Vcu=12V 

Le .. V CD decreases exponentially from 28 V to 12 V. 

For Problems41-43 

41. h. 42. c., 43. h. 
Sol. SI and S2 are closed for 1 s. 
Change in capacitor, 

q= CE( I_e-1IRC
) 

q = IXlll-e- I/I . I) 

The current in inductor. ' 

1= ~(I_e - 'IU I.) 
R 

I=Hl 
Now S I and S.I are opened and S2 is closed. 
11 is LC circuit . 

q= qll~L"s i n(WI+¢) 

1= (<f"",,)CI)C\l.~(WI+¢) 

As total energy IMagnetic + elcctril;all i~ l'llllSlalll 

I , 1,/ 
= · u-+ .. -

2 2 C 

(i) 

(ii) 

( iii) 

(V) 

Faraday's Law and Lenis Law 8.137 

q,,== .t2(I-~ 1 
1,",,= "'H 1 

From (iii) al f = 0, we gel 

(I-~)= J2 ( I-~)sinf:} ¢=~ . , 

4= F2(I-~)Sin( WI'+~ ) 
I 

where, W= JLC = 1 

4= J2(I-~}in(WI+~) 
For Problems 44-48 
44. c. 45. a" 46. c.. 47. a.. 48. a. 

(vi) 

(vii) 

Sol. a. When switch is closed. thc inductor will act as infinite 
resistance . Hence the current will !low Ihrough RI on ly 

V"" = E= 120V 
b. Point (/ will be at higher potential. 
c. The nalure or circuit at the time of closing the switch i~ 

V",I= V"r,=t:= 120V 

E 

, -----1 Ii I--~ 

I 
R, 

" +--~witv------+" 

" • 00 0 o· 

Fig. 8.472 

d (" will be al higher potential. 
Now the switch is closed for 11 long time amI then opened. 
After just before opening the switch the current through 
the inductor 

I - £. - 120 - ~A 
o- R

2
-50-5 

Fig. 8.473 
!.-! 

Potentiul difference acro~s 'II :0 ,InRI = I: x 30 = 72 V 

For Problems 49-50 
49. d .. 50.H. 

Sol. 
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8.138 Physics for IIT·JEE: Elt'(t ricity and Magnetism 

In loopA8C. c .m.f. induced due In branch AC is zero and 
cOllt ribut ion of e.m.f. due to A8 and BC arc e4ual; hence 
contribution of c.m.f. for the br.lnch is 

1£1"8 = R!( IIIJ ) 
,f, 

I,'or IJroblcms 5 I-53 
51. b.t 52. c .• 53. d. 
Sol; At 1,= O. nl[l<lci tor willl"ll:havl'like a ~hot1l'in;uit and the 
inuuctor as open c ircui t but a~ r --lo "", the nature is j ust 
opposite. 
At I = O. capac itor will bchuVl' like a ~hor1 ,"in:uit und the 
inducto r as open circ ui t but a~ I -4 "" . thc nalun: i~ just 
opposite . 
All = 0, capm; itllr willlx'han' likc a short l'i rcui l and the 
inductor as (lpen ,'i rl"uit but a~ I ,--I 00, thl' nuturl' IS Just 
opposi te. 
For Problems 54- 56 

54. a.. 55. :1., 56. b. 
Sol. Atl = O,l'iro,:uil,',111 tw cOllsldl't\'d a~ f() Il\l\~Y 

" " r WV>-' - --"VWV-._--
I, , t .. rl 

'L _ ... '+ 
FiA·IU7.f 

Alkr a long. linw, .:I n:u il ,:an lx' l·,III.,id,'rt",1 ;1.' r"lIow,, ' 
1/ If , 

.. ---".f\No,,-

.. .. r -
--0 , l __ . __ .•.. 

I 
d: lUI. :i ,., 

," 
.'ig. M..f7S 

, ,. , . , . ..11 , 
mm,,'l I:I ll' y al lcr .. · ,>SlnY. .\. - 7- 0 

d, 
L(fl , 
--' =0 
d, 

For I'ruhlcl1ls 57- 59 
57.tI· t 58.b .• 59.b. 

d~ ( ,lin 
~ol . (/)= 1I/IUt' = • - = ,r/I - - I = aha. alllirll)o,:kw;sc a~ 

{Ii ,{I I 

s..:..: n I"nlill Hhn\'l· . 
1:."= {JU/)I' in I.' h'L·k\\ I~ l' ,CIlSl' 

Applying prindpk II I S llIX' I'P(l~ltI()IL 
For Problems flO- 1l2 
6(). II ., 61. h., 62. d. 

Sol. t/~ = 8elA 

1/$ = - - + 1Il1x [
Pol Pol 1 
2nx 2Jr(3u - x) 

--
Fig. 8.476 

0= ,101 ['J" "-'. 'J" · '~· · l'" .~ 21r l I.\<I-xl 
" .. 

MagnilUd,' III" C.Ill.i. in I hi~ l'm'uil -

I· dIPI = )10"( In ::! ) I ~- I 
. • 11 R (Ii 

. 'nr I'rnbhmls 11.'-605 

.... t h .. 64. h.. 65. a. 

Sui. Frnlll 101 'I'. appl) i ng. K il .... hhllll'S law. 

T 

l .. 

: Il 
'VWv • 

I!f 10!' = III 
Frnm l".'plii 1 

,/I" 
- 1.,-,, '10/ · 111/ ' = 0 

,/, 

l. t f/ ' 
I ,. = 

I (I (II 
Sulving ~"lIl1h (l IWtlus l y ( i ) lind {ii), we have , 

and 

f'= ~-:<i(' .1/. 

2S .. ~ 
/ = S- ....:. ., n 

" 11001 
j 

/ - / '= - {' 
6 

125 .LOOl.II 2 
£,. =-(I-£.' 3 ) ml 

2 

Pu/a 2 -- '" R 

(i) 

(ii) 

(iii) 

(iv) 
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EL(/-+ _ ) = 1. x5 x IO-J(5 _ 0) l 
2 

EL = 62.5mJ 

EC<I-+-)= 1.CVl ;::: 1.X20X I0-6 x IOO = I ml 
2 2 

For Problems 66--68 
66. b., 67. c., 68. b. 
Sol. Since the field is increasing in insidl! direct ion in bigger 
loop, so the current will be induced to oppose this increasing 
flux. Hence in anticlockwise direction. 

j 

¢= BA = B(ll + b2) 

lel= Id~l= dB (el +b2 ) =0.sY. 
dl dl 

i= 2~[1 - ' - ';:1 = ~;[I-'-'J 
2L 

--100. 

~---l>----~ , 
Fig, 8.478 

i= 4~[I - '-'J 
For Problems 69-71 
69. b., '70. d., 71. c. 
Sol. The inductor behaves as an open circllit at the initial 
instant (I = 0), 

L di = potential difference across the inductor 
dl 

= I VIJ - Vel. which may be determ ined by using 

Kirchhoff's rules 

The 6 n resis tor is connected directly across the battery and 
the current through it is constant. 
After a long time (I -+ -), the current through the inductor 
becomes constant, i.e., the potential difference across it 

( di) 
L dl becomes zero. Applying Kirchhoff's rule.s. one <:an 

find the curren! through the induclor. 

For Problems 72-74 
72. a., 73, c., 74. b. 
Sol. y = 2A sin kx cos ax 

dy U.kx . v= - = - sm WSIll (J)t 
dl 

vmn= -2ASsinkx.k = 31f 
. AR 

I w II.fI ••.. : . II./J 

e = J 1JJ.·,"a~dx= - 21lAB f" sinkxdx = 
o , 

'+ 2WA/J[cos 3Jt AB -<.:os ej= - 4(AB)w 
_k All k. 

H 
WI= -

2 

H 
1= -

2", 

For sttond hnnnonic k = 

For Problems 75-77 

75. b., 76. c., 77. d. 

faraday's law and LlNlis law 8.139 

2H 
AB 

Sol. Atl = 0, capaeilOr will behave like a short-circu it and the 
inductor us an open circuit but as I ---7 <><>, the nature is just 
oppos itc. 

At ( = 0, capac itor will behave like a short-<.: ircuit <lnd the 
inductor as an open <; ir<:uit bu t as I -+ 00, the natu re is jus t 
opposite .• 
I! will vary with time. 

For Problems 78-80 

78. b., 79. c., 80. b. 
The fa n is running .It 2(1) V. consuming 1000 W. then 

1000 
/ = - - =5A 

200 
But liS coil resis l;uh.·e IS I n. power t..I isslpalo.:t..1 by internal 
resistance as helll i:) PI = f~R = 25 W, 
If V is the nct e .m.f. anoss the coi l. then 

V' 
-= 25W or V= SV 
R 

Net e.m.f. = .~o llrt'e e.m f. - back c.mJ 

or V= V, .. ,,::)e = !(.)SV 

The work dont' p~ = 1000 - 25 = (.)75 W 

ForProblcms HI-HJ 
81. a., 82.11., 83. c. 

Sol. dB = 2 TIs 
cll 

t: = 
ILdfJ _. ~ , 

- - - = -800xIO l1l"x~=-O. 1 6Y I" 
O. If, . . 

i= --· ;::: O. 16A,clockwlsc I" 
eJlJ 

AtI=2 s. 8=4 T. '- = 2 T /s I" a = 2O x 30em2 

_4 2 dA 2 = 600x JO m; - ,,=,-(5x20)cm Is 
41 

= - JOOx 10-4 m2 /s 

1;'= _ (:.if '" _[ ~!(8AJl = _[ 11dll + AdB] 
dl dr dl dl 

= -f4x( -IO() x JO-~)+ 6()O X I0-4x2f 

= - 1-0.04.+0. 120J = - O.OHY 
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When caracilOr is connected ,It position I, 

E-IR_i"" 0 , 
'I ,/ de J-dl = J--'- or q=50 [2- e--'jmC 

RC EC-q , "" 
Atl = Is,q=50 /Z-e-'j 

Voltage across the capacitor at that time 

q 50(ZO-lle) 
v= - = I =5 x lO\Z -I/e) Y 

c 10x IO-' 

~ U 2 
= ~CV2 => i = (2-;) X 104 A 

I nuo 10.1 
Frequency = - --- --- = -._ "- == --- Hz 

2111fiI 2/f x 25 50i'l" 

20 ' "\." ,' .' = - Hz 

For Problems 96-97 
96. a., 97.d. 

ff 

Sol. Current should enter the bar from P so that magnetic 
force is upwards. 

. V 
1m = mg or --. IB = IIIg 

5 

111 = 
150XO,6XI.5 =2,7k 

5x IO g 

For Problems 98-100 
98. a., 99. d., 100. a. 
Sol. ¢=Blx 

e,mJ. = 
dB 

I x - + illx = lxv +xlv = 2lxv 
dl 

• y -

BII ~----1 

Fig. 8.482 

Ix 
1= -(2v) = 2xv 

R 
dv 

=> -v- = 
dx 

,. 
J dv := 

". 

-ell' BII 2 
- -"-=x (21') 
dx III 

2x' 
v = 1'0--

3 
• [3<110 - V)]IIJ 

=> x = '-""0;--' 
2 

Using work energy theorem. 

Faraday's Law and Lenfs Law 8.141 

Matching (olumn 
Type (> 

I. i. ~ c., ii. ~ a., iii. ~ d., h'. ~ b. 
When the switch is connected with (/ fo r a long time. currenl 

in the cirL'llil would be Ii. When the switctl is connected 
R 

F 
with b, the current is --. 

21~) 
• 

Next, comparison is made on the hasis of time l'ollstallt. 
Shorter tillle constant means fasler decay of Ihe current. 
Between (i) and (ii), (iii) has greater time constal1l, and hel1l;e 
slower decay of current, corresponding 10 graph IV, 

2. i. ~ b., ii. ~ II., iii. ~ d., iv. ---" d. 

dlJ 1 i. -- == IOxl(r-- T/s 
dl 

{'=: tI¢",dB = 4X]()"-"'I xI OxlO- .1 

dl til 
=: 4x Hrr,y 

" II 

s, 

... . . ~ 

s, 

'----"---~ 
i " b 

Fig. 8.483 

The e.m.f. will be in Hnticlock wise direction, so CJ)JTCilt 

will be rrom a to tI . 
ii. Again. current will be in al1ticlockwise direr lion. 

" 

s, 

lcig. K484 

This makes the direction or current from tI to a, 
magnitude samc as Ihat in part (i). 

iii. If both arc open, induced e.mJ. will develop, but no 
currell! will now. 

iv. If hoth are closed, then induced e.m . 1'. in the left part will 
tend to flow current from a to d and in right parI current 
wiiltend to flow from tI to a, So, from Ihe principle of 
superposition, no current will !low in ad. 
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, , 

8.142 Physics for IIT<' , -: Electricity and Magnetism 

3. i. ---t b.,c., ii. -+ b.,c., iii. ---t a.,b.,c.,d., iv. -+ b.,c.,d. 

pN2 A 
i.L= - -

f 
So, L depends upon shape, size (I, A ) and medium (j.J) 
inserted. 

.. C &A 
Iv.. =-

o 
So, C depends upon shape, size (A, d) and medium (e) 
inserted. 
~~ 

"'z 'R" ·· 111. "''' +XL 

When XL = Ct)L, Ct) depends upon the external voltage 
source . So, Z depends upon all the factors in column II. 

iv. Xc = _1_ (independent of rcsistivity) 
roC 

4. i, ---t c., ii. -+ d., iii. -+ a., iv. -+ b. 
Magnetic field is along x axis because when the cube is 

moved along x-axis, there is no motional c.mJ. as 'v x B = O. 
When the block is moved along y-axis, force on the 

electrons is in direction - (J x i) = k 
Therefore, electric field will be created alorlg z-axis. 
Now,cvB=24mV 

=> c=20cm 

Similarly, bvB = 36 mV 

=> b=30cm ' 

a= 25cm 

5. i. -+ a.,e., ii. ---t a.,c., iii. -+ b.,d., iv. ---t a.,b.,c.,d. 
a. Speed of the charged particle cannot be changcd by 

magnetic force because magnetic force does no work on 
charged particle. On ly electric field in case (p) and 
induced electric field in case (r) can change sp~ed of the 
charged pm1icle. 

h Magnetic field cannot exert force on the charged particle 
at rest. Only electric field in case (p) and induced electric 
field in case (r) can exert force on charge initially at 
rest. In case (r) after the charged particle starts moving, 
the magnetic field can exert force on the charge. 

e. A charged particle can move on a circle with a uniform 
speed due to uniform and constant magnetic field. Even 
within a region of non-uni form magnetic field, at all 
points on the circle, the field may be uniform, for example, 
on any circle coaxial with a current-carying ring. 

d A moving charged particle is accelerated by electric field 
and also accelerated by magnetic field (provided v is not 
parallel to B). . 

6. i. -+ b.,c., ii. ---t a.,d., iii ---t a.,c., iv. -+ b.,d. 

i. Area OPMQ = .!.r2 (j 
2 

1 
Flux in this area, ¢I = - r2(jB 

. 2 
Induced c.m.f. in this area, 

-'1' 

I'k--~----A Q 

o 

,. 

Fig, 8.485 

Ac" OPQ 0 "inm"O'(~) 
Induced e.m.f. in OPQ, 

d¢2 I 2 . dB 
e2= --=-1" Sllle-

dl 2 dl 

1 , . 
= -r Slll(j 

2 

e2 will be only in part PQ, because in PQ and OP induced 
e.m.f. will be zero. Clearly. e2 < e l , because area OPQ < 
areaOPMQ. 
Since B is increasi ng. so e.mJ. will be in antic!ockwise 
direction. Hence end P will be positive W.r.t. Q. 

ii. Here e.mJ. in OPQ will be due to flux changing in area 

OMQ. This area is .!. r~(j. The entirc e.m.f. will be in 
2 

part PQ. End Q will be positive . 

, 
o p 

."ig.8.486 

iii. Induced e.m.f. = ~ 1"2 e dB . End P will be positive. 
2 dl ' 

1 
iv. Area in which flux is changing is lesss than "2]"2 (j . End 

Q will be positive. 
7. i. ---t b.,d., ii. ---t b.,c., iii. ---t a.,d., iv. -+ a.,c. 

Since field is decreasing, so induced electric field at both 
points A and B will be in clockwise direction or towards I. 
Hence, force on an electron will be along 3 to both points A 
andE. 

A • &, 

A • E, 

Fig.8.4f1, 
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ForA: 

ForB: 

, dB 
E 2lrr :: Ira -

dl 

I 
E~ 

t' 

, dB 
E 21u :: trr -

dl 

8. i. --7 c., ii. --7 c., III. --7 a.,c., iv. --7 a.,c. 
i. Current in inductor when switch is open: 

E 
10:: -

R 
Initially induced e.m.r. will be equal tu 1:.' and finally it is 
zero. So, energy stored will be zero. 

ii. Same as (i). 
iii., iv. Here current becomes zen; suJdenly. 

So, dl is large. 
dl 

Hence, induced e.lll.r. L!~ will be large. Finally, 
dl 

energy stored in inductor will be zero. 

9. i. --7 c., ii. --7 h" iii. --7 a., iv. --7 h. 
Using Faraday's law, whenever there is a change in nux 
linked with the coil, c.m.f. is indu(;ed the coil. 
When 0 < x < b, flux lined with the (;uil is B/h. 

.. e= dtP=_~llIl~ _ 1UIt!.~ 
(/1 dl (/1 

ur I.! = -BUI' 

When h <x::;; 2b, there is no change in Ilu>.. Su, nu e:m.f. is 
induced. When 2b < x< 3h.thcre is a tk'l'l'eaSe in nux, hence 
e= Blfl'. 

When x > 3b. again flu>. linked with thl' l'oi l is zero, hencc 
nu c.m.f. is induced. 

10, i. --7 b" ii, --7 coo iii. ~ ll" i\o, ~ b, 
i. Atl = I s. /lux is int:reasing in th'" inward direction, hcnee 

induced c.m.f. wi ll he in all1klockwisl ' direction. 
ii. At I = 5 s. there i~ no change in nux. so induced e.m.r. is 

zero. 
iii, At I = 9 s, nux is increasing in upward direct ion, hence 

induced e.m.f. wi!! be in clockwise direction. 
iv. At I = 15 s, flux is decreasing in upward directiun, so 

induced e.m.f. will be in anticlockwise direction. 

II. i. --7 c., ii. ~ a"b., iii. --7 d., iv. --7 c. 

·d¢ dB. 
We know that e:: - - :: - A -. II we take area vector in 

dl dl 
the upward direction, then anticJuckwise direction will be 
+ ve. From 0 tOIl and Is to ,(" dB/d, is + ive. Hcnce induced 
e.mJ. e is -ve. So, induced current will be in clockwise 
direction. From '2 to '4' dB/dl is - ve. Hence induced e.m.f. e 
is + ve. So, induced current will be in anticlockwise direction. 
From 'I to '2 111ld '4 to,s' dBId, is zero. Hence, no e.m.f. is 
induced. Induced e.m.f. or current is maximum from 0 to 'I 
and,s to '6' because here magnitude of dB/d, is maximum. 

Faraday's Law and Lenis Law 8.143 

12. i. --7 c.,d., ii. ~ c.,d., iii. --7 b.,d., iv, --7 a.,d, 

• I 2 I r;::; 2 2 
I. eoA = -Bm(Am) = - Bm(v2L) =BmL 

2 2 

ii. eoo = ± Bm(OD)2 :: ± Bm(J2 L)2 :: BmL2 

... I 2 I 2 
III, coe =-Bm/; or eoe = Eoo - Eoe = -BmL 

2 2 

i .... I.!A -en = Bw/} 

ef)- eo= BwL 2 

e,,-('o=O 

{' .. In = 0 

13, i. ~ a .. d .. ii. ~ b.,d., III. --) C., iv. ~ a.,d, 
i. Just afterswitl'h S is cJo!\cd. nux inM starts increasing in 

left direction, so in N also the nux starts increasing in left 
direction. This will induce current in N in a direction so 
that the tlux is in right direction. This is po~sib le if 
indlK'cd current in N is from A to B. ( 

ii. In this case just reverse of (i) will happen, because after 
closing the switch. the nux in M starts decreasing in left 
direction. 

iii. After a long time of closing the switch, flux becomes 
constant. Hence. nu current is induced. 

iY. Just after closing S, flux starts increasing, ~1I1 because M 
moves away so due to this flux through N will decrease. 
But there will be a net increase in !lux in Nin left direction. 
This is the case similar to (i). 

Archives 

Fit{ in the Bfonks Type 

I. i. The coil is broken into I wo identical coils. 

L12xLl2 L . 
L~'I = 7C~-'7~ = - = 0.45 x 10-4 H, Ll2+1.I2 4 

R/'2 x R/'2 

R R 
+ --

:! 2 

R 
=-=t.5U 

4 

4~ 0.45 x [() - ~ 
Time cunstant = .. _- = - -- = 0.3 X 10-4 s. Steady 

current, 

E 12 
1= --= - -=8A 

R 1.5 
I 

2, We know that the velocity of light in vacuum c:: r::-::-
...;J.loeo 

and the velocity of light in II medium 

refractive index 

I 
I':: r.;:: Also, the 

vIlE 

Velocity of light in medium I' 
n= =_ 

Velocity of light in vacuum c 

l/.JAA fjiE 
= l/fjiE = -1110£0 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



8.144 Physics for IIT.J££: Ell!ctricity and Magneti;m 

3. Left to right 
4. V/j+ e- IS+ tx l = V" 
~ Vs - V,, :: IS- e-f 

Here, f = SA,e::d¢=L[dJ] 
dt {II 

:: _ 5xIO- 1 x IO- 1 =_5V 

V/j - V,, :: l5V 

True or False 

1. For induced e.mJ. lu develop in a cuil the magnetic flux 
through it must change. BUI in this case the number uf 
magnetic lines of furce through the coil is not changing. 
Therefore the stutement is fa lse. 

2. When condLlcting rod AB moves parallel tu x-axis in a 
uniform Illugnetic field IX) illting in tho.! positive l-uirec tion, 
then according tu Fleming's left hund ru le, the electrons will 
experience a force towards B. Hence. the end A will bccmllc 
positive. Therefore the SHltemcnt is tme. 

Single Correct Answer Type 

l. d. Net charge in magnetic fl ux passing through the coil is 
zero. 

C urrent (or e.m.n induced in the loop is zcro. 

2. b. The indivillual e.m.f. produced in the coil 

11, 1 
:. The current induced will be i = -

R 

But 

; =..!.. d¢i 
R (it 

i :: "q ~ d'l=~d¢i 
dl (II H. 

d~ 
e=-. 

dl 

f I f BA 
~ (1'1 :: Ii d¢i ~ ·q"'li 

3. d. The semic ircul;l r ring is falling !crticullY. If il movcs <I 

distance dx in time dl. then change in area in the magnetic 
field is 

dA :: 2Rd.~ 
(fA dx 

~ - :: 2R-= 2RV 
tit (II 

Now, induced c.m.f. , 

0+ i / - - il 
e = - -- :: - - (B ·AI = --(BAI."Os8) 

{It {II iii 

d = - - (SA cos 9()O) 
dl 

dA 
e:: - 8 -·- - B(2RV) 

dl 
lel = 2RB I' 

When the semicircular ring moves uut orthe magnetil: fidd , 
the magnctic fi eld passing through it outward oftl-te pl anc of 
paper decreases. By Lcnz"'s law induccd c.m.f. will bc 
produccd such Ihat current flows in anticlockwise direction. 
This will creale n magnetic field in the direction outward of 

the plane o f paper. In this case, Q will be at a higher potential 
(AS current flows from high potential to low potential). 

4. b. A motionale.m.f., e= Btv. is induced in the rod. Or we can 
say a potential difference is induced between the two ends 
of the rod AB, with A at higher potential and B at lower 
potential. Due to this potential difference, there is an electric 
fie ld in the rod. 

S. b. Magnetic field produced by a current I in a large square 
loop at ils centre, 

; 
/1 0< -

L 

; 
=> B=K

L 
.. Magnctic flux linked with the smallcr loop, 

¢=BS ~ ¢= (r±)(l2) 
Thercfore, the mutual inductance 

¢ ;2 . ;2 
M:: - = K - orM <>< -

; L L 
6. c. When the cUITe!"!t in loop A i ncre:L~e.<;, Ihe magnetic lines 

o f force in loop B also inereaseas 100p A is ncar loop B. This 
indul.'CS lUI e.I1l. r. in 11 is slII;h a di rection that current Ilows in 
opposite direction in B (as comparixl to A). Since currents 
arc in opposite di rections, loop H is repel led by loopA. 

7. d. Wc have 

1= /o( l _ e- tJ') 

But 
v L 

10= - and 1'=-
R R 

1= ~( I _ /IIII.)= 1:[1_ / .118.4:>:10-
1

] 

= I (given) 

1= 0.97 x LQ-3s= I illS 

. dljJ d - - d I 

E = - = ·-- [B·A)=-(BAicos900) 
til til dl ' 

.) A~~ 2 dB 
: => E(2JTr) = JTa .- forr ~a 

dl dl 

e: (12 l IB • 1 -- => E~ -
2r til , 

9. d . The magnetic fidd ;11 the ccnterof thc coil 8(1) = Pol' I •. As 
the currcnt increases. B will also increase with time ti ll it 
rea<.'hes a m,Ddmum value [when the current becomes 
stc'ldy). Thc induced c.m.r. in the ring 

,I; il - -
e :: - - - -(B ·A) 

al (/1 

d 
= -A- l,uun/l) 

111 
:. The indut'cd curren t in the ring 
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dl l • 
[Please note that - decrea~es with tllne and hence /2') 

dt 
where /1= /max (1 - e- III

). The relvant graphs are 

10. c. Redrawing the figure, we find that there is a quadrilateral 
with four resistances RI, R2, R) and R4, i.e., a Wheatstone 
bridge. If this Wheatstone bridge is balanced, then R6 
becomes ineffective which is the required condition here. 

R R 
Therefore, ---L = --1. ::::) RIR4 = R2R) 

R2 R4 
11. a. Whencurrcnt flows in any of the coils, the nux linked with 

the other coil will be maximum in the first case. Therefore, 
mutual inductance will be maximum in case (a). 

12. d. Apply Lenz's law. 

13. d P= ~ = a;2 (~;r = ~l2 [:1 (NBA)2 ] 

= ar2 N2 A2(dB)' '" 
pI dt 

N 2r2 
Case I: P1 <>t. 

£ 
(4N)2(rI2)2 

Case 2: P2 <>t. • 41 

.1. = 
P, 4 

14. a. Since current leads e.m.f. (us seen from the graph), 
therefore this is an R-C circuit. 

x -x 
tan¢= C L 

Here, ¢ = 45 0 

Xc= R 
1 

-=R we 

R 

[XL = 0 as there is no inductor] 

L.H.S. = 1 =R=IO)n 
100xIOxi0 6 

IS. c. Initially ¢n increases as the magnet approaches the 
solenoid. Therefore cis -ve and increases in magnitude 
when the magnet moves inside the solenoid. Increase in fB 
slows down and finally ¢n starts decreasing. Therefore e.mJ. 
be~omes positive and starts increasing. Only graph (cl 
shows these characteristics. 

16. a. For a current to induce in the cylindrical conducting rod, 
the cylindrical rod should cut magnetic lines of force which 
will happen only when the cylindrical conducting rod is 
moving. Since conducting rod is at rest, no current will be 
induced. The magnitude and dir!:!ction of the magnetic field 

Faraday's Law and Lenis Law 8.145 

changes. A changing magnetic field will create an electric 
field which can apply force on the free electrons of the 
conducting rod and a current will get induced. But since the 
magnetic field is constant, no current will be induced. 

17. d. According to Lenz's law, current will be in anticlockwise 
sense as magnetic field is increasing into the plane of paper. 

Multiple Correct Answers Type 

1. a.,b.,c. 
2, d. Since the rate of change of magnetic flux is zero, hence 

there will be no net induced e.m.f. and hence no current 
flowing in the loop. 

3. a.,c.,d. 

a· 
Rate of charge of current = -.i = III (say) 

dt 
aJ 

Inducede.m.f·14 =-Lt-I =-8xlO-3 xlII 
ell , 

1 

V, 4 

Power, P= VI i l =8 x 1O- 3x1IIX i l 

Rate of charge of current = dit, = III (given). Induced e.m.f. at 
di2 -3 V2= - ~-= -2 x 10 XIII 

~ dl 
Power, p= V2 i2 - 2x 1O- 3xlllx i2 
Since power is equal 
.. 8x 1O-3Xllli1=2x 1O-3 xlll i2 

1 

i2 4 

Energy W2 = 
I .2 1 - 3 .2 
-~12= -x 2xIO XI] 
2 2 

W 10-3 X i 2 I 
.--L = --'C'--"~'L, = - X 4 x 4 = 4 
W, 4x10-3 xi2 4 . , 

(i) 

4. b. The magnetic field due to a current Bow ing in a wire of 
finite length is given by 

·Po"! . . 8 = - - (sma+smfJ) 
4ffR 

Applying the above formula fo r AB for finding the field at 
Ois 

B= 

acting perpendicular to the plane of paper upwards. 
Therefore the total magnetic field due to current flowing 
through ABCD is 
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8.146 Physics for IlT..JEE: Electricity and Magnetism 

B= 4B "" 4Jlo/I = 2..fiJlo/l 
) J2;rL ;rL 

The total flux passing through the square EFGH 

th = B X £2 = 2J2Jio/ ) X f2, 

ItL 
(i) 

The flux through the small square loop is directly propor
tional to the current passing through big square loop. 

.. '1],0<:2/ ) ~ ¢2=M2/ 1 
where M2 = mutual conductance 

2.fiJio/l x (2 

M
2

= ¢2 =~It"L~ __ 
II II 

= 2.fiJio X p2 ~ 
7rL . 

5. a.,b.,c.,d. 

'I weber 
a. L = -:- or henry = --

c. 

/ ampere 

L = - --'
(di I dt) 

h 
volt - second 

enry= 
ampere 

U= -.!..Li2 

2 

L = 2U 

" 
henry = 

joule 

(amperel 

e' 
M2 °c -

L 

d 

:. L = RI or henry = ohm-second 
6. b.,d. 

Electrostatic and gravitational field do not make closed 
loops. ' 

7. b.,d. 

As d¢ = e.m.f. is the same, the cllrrent induced in the ring 
dt 

will depend lIpon the resistance. of the ring. Larger the 
resistivity smaller the current. 

Assertion-Reasoning Type 

1. a. The induced current in the ring will interact with horizontal 
component of magnetic field and both will repel each other. 
This repulsion will balance the weight of the ring. 

Comprehension Type 

1. b. Charge on capacitor at time I is: 

q = qo(l - e - t1~ 

Here, qo= CVandt=21' 

q = CV(l - e - 2rl l) = CV (1 - e-2) 

2. d. From conservation of energy, 

I 2 I 2 rc 
2Llm~x = 2CV ~ II1"",=V~L 

3. c. Comparing the LC oscillation with normal SHM, we get 

Here, 

d'Q = - .rQ 
dt ' 

())2 = _1_ 
LC 

Q= - LC d
2
Q 

dt' 
4. a. S.d. 6.c. 
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11.2 Physics for lIT .JEE: Electricity and Magnetism 

INTRODUCTION 

We represented electric interactions in two steps: 

• A distribution of electric charge at rest creates an electric 

field E in the surrounding space. 

• The electricfield exerts a force F = qE on any other charge 

q that is present in the field . 

We can describe magnetic interactions in a similar way: 

I. A moving charge or a current creates a magnelicfield in the 
surrounding space (in addition to its electric field). 

2. The magnetic field exerts a force F on any other moving 

charge or current that is present in the field. 
Like electric field, magnetic field is a vector field- that is, a 

vector quantity associated with each point in space. We will use 

the symbol B for magnetic field. At any position, the direction 

of B is defined as that in which the north pole of a compass 

needle tends to point. 

We can quantify the magnetic field B by using our model of a 

particle in a field. The existence ofa magnetic field at some point 
in space can be determined by measuring the magnetic force 
Ps exerted on an appropriate test particle placed at that point. 
This process is the same one we follQwed in defining the electric 
field. Our test particle will be an electrically charged particle such 
as a proton. If we perform such an experiment, we find the 
following results: 

• The magnetic' force Po is proportional to the charge q of the 

particle as well as to the speed v of the particle. 

• When a charged particle move.s parallel to the magnetic field 

vector, the magnetic force Fs on the charge is zero. 

• When 1he velocity vector makes an angle () with the magnetic 
field, the magnetic force acts in a direction perpendicular to 

both v and B; that is, the magnetic 'foree is perpendicular to 

the plane formed by v and B. 
• The magnetic force on a negative charge is directed opposite 

to the force on a positive charge moving in the same directioJl. 

• If the velocity vector makes an angle (J with the magnetic 
fie ld, the magnitude of the magnetic force is proportional to 
sin (J. 

· These results show that the magnetic force on a particle is 
more complicated than the electric force. The magn,etie force is 
distinctive because it depends on the velocity of the particle and 

because its direction is perpendicular to both v and jj. Despite 

this complicated behavior, these observations can be summarized 
in a compact way by writing the magnetic force in the form 

• 

• • i1 

F " q~8sin, 

~J. .. "sin' 

, 
. . 
" al an ~ngle , 10 B 
m.1gnetic force has 

magnitude F ~ qvB sin, 

(a) 

Fig. 9.1 

, , , , 

/ 

:{;,'-t - -+ .GS.-+ _ _ _ 

}r--+
iI 

F. 

(b) 

where the direction of the magnetic force is that of v x iJ 
which, by definition of the cross product, is perpendicular to both 

v and B. We can regard equation Pn = qv x jj as an operational 

definition ofthe magnetic field al a point in space. The SJ. unit of 
magnetic field is the tesla (T), where 1 T"" 1 N S- l m- 1

. 

Thus, magnitude of the magnetic force isFo = IqlvB sin¢(Fig. 

9.1) where ¢ is the angle between v and iJ. From this expression, 
we see that FB is zero when ii is eitherparallcl orantiparalle l 10 

jj (¢= 0 or 180°). Furlhennore, the force has its maximum value 

Fn = IqlvB when v is perpendicular to ii (¢- 90°). 

Right Hand Rules for Determining the Direction of 
the Magnetic Force Acting on a Moving Charged 
Particle 

Figure 9.2 reviews to right-hand rules for determining the 

direction of the cross product v x iJ and determining the 

direction of Fo . The rule in Fig. 9.2(a) depends on our right -
hand rule for the cross product. Point the four fingers of your_ 

right hand along the direction of ii with the palm facing Band 

curl them toward iJ . The extended thumb, which is at a right 

angle to the fingers, points in the direction of ii x B . Because 

Pn = qv x ii, Fs is in the direction of your thumb if q is positive 

and opposite to the direction of your thumb if q is negative. 

An allemative rule is shown in Fig. 9.2 (b). Herc the thumb 

. points in the direction of v Ilnd the extended fingers in the 

direction of iJ. Now, the force Fs on a positive charge extends 
outward from your palm. The advantage of this rule is that the 
force on the charge is in the direction that your would push on 
something with your hand-outward from your palm. The force on 
a negalive charge is in the opposite direction. 
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./ 
if 

(.) (b) 

Fig. 9.2 

There are importa"t differences hetween electric alld magnetic 
forces Qn charged particles: 

• The electric force is always parallel or antiparallei to the 
direction of the electric field, whereas the magnetic force is 
perpendicular to the magnetic field. 

• The electric force acts on a charged particle independent of 
the particle's velocity, whereas the magnetic force acts on a 
charged particle only when the particle is in motion and the 
force is proportional 10 the velocity. 

• The electric force does worlC in displacing a charged particle, 
whereas the magnetic force associated with a constant 
magnetic field does no work when a charged particle is 
displaced. 

This last statement is true because when a charge moves in 
a constant magnetic field, the . magnetic force is always 
perpendicular to the displacement. Hence, the work done by the 
magnetic force on the particle is zero. 

From the work- energy theorem, we cOllclude that the kinetic 
energy of a charged particle call1lot be altered by a constallt 
magneticjield alone. In other words, when a charge moves with 

a velocity v, all applied magnetic field call alter tlte direction 
of the velocity vector, but it call1lot change tlte speed of the 
particle • . , 

MOTION OF A CHARGED PARTICLE IN A 
MAGNETIC FIELD 

rfa charged particle is projected in a magnetic field. It experiences 
a magnetic force. 

Po=:qvxB or F ""qBVl. 

i. Consider a charged particle of mass m moving in a unifonn 

magnetic field jj with an initial velocity vector v petpendicular 
to the field (Fig. 9.3). 

x x x x x x x 

x x x 

x x x x 
'q 

x x x x 

x x x x x x 

iig.9.3 

Magnetics 9.3 

The particle moves in a circular path with constant speed and 
the magnetic force prpvides the centripetal force. The radius 
r of the circular path is 

0', 

The angular speed mofthe particle is (0 0=: ~ 0=: qB 
, m 

Th ' 'dTfh "T 2Jrr 2mn e tnne peno ate motIOn IS 0=: -~ =--
x qB 

ii. If a charge particle moves in a uniform magnetic field at some 
arbitrary angle Bwith respect to B, then it moves in a helical 
path. 
With perpendicular component of velocity it moves in a 

circular path of radius r 0=: mv.L 
qB 

And, with parallel component ofvclodty it also moves along 
the field lines. The lincar distance travelled (along the field line) in 
one revolution (time period) is called pitch (P) (Fig. 9.4). 

Pitch: p= 

~ 
p! , i ~"'B' ~ , 

, 
" q , 

~ 

(0) (b) 

(a) A charged particle moves in a un iform 

magnetic ficld, 71. its velocily "ltmaking an 

anglc ¢ wilh lhe field dire&lion. 

(b) The particle follows a helical palh of radius r 

and pilCh". 

Fig. 9.4 

JlIustration 9.1 A potential differ.ence of 600 volts is 

applied "Cross the plates of a parallel plate condenser. The 
separation between the plates is 3 mm. An electron projected 
vertically, parallel to the plates, with a velocity of2 x 106 ms-1 

moves undeflected between the plates. Fi~d the magnitude and 
direction of the magnetic field in . the region between the 
con~enser plates. (~egleet the edge effects. Ch~ge of the 
electron ==-1.6 x 10-19 C.) (IlT.JEE,1981) 

600 volts , , , , , , 
i , , 

Fig.9.S 
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9.4 Physics for IIT-JEE: Electridty and Magnetism 

Sol. The force on electron will be townrds the left plane due to 
electric field and will be equal to Fe = eE. 

For the electron to move undeflected between the plates, there 
should be a force (magnetic) which is equal to the electric force 
and opposite in direction. The force should be directed towards 
the right as the electric force is towards the left. On applying 
Fleming's left hand rule, we get the magnetic field s.1·JOuld be 
directed perpendicular to the plane of paper inwards. Therefore, 

+ x x ,x , -
+ x x 'x ,-
+ : E -
+ x x ,x -
• -., , - 1m 

• " :il ., , , 
,,0 , 

Fig. 9.6 

Force due to electric field = Force due to magnetic field 

where 

eE=evB [':E = ~J 
B=!!..=Vld , , 
V = potential difference between the plates, and 
d = distance between the plates 

600/3 x 10-3 600 
B= 

2xlO6 

~ B=O.ltes\a 

Illustration 9~2 The region between x = 0 andx = L is filled 

with uniform, steady magnetic field Bok • A particle of mass m, 

positive charge , q and velocity Vol travels along 
x·axis and enters the region of magnetic field. Neglect gravity 
throughout the question. 

Fig. 9.7 

a. Find the value of L if the particle emerges from the region of 
magnetic field with its final velocity at an angle 30° to the 
initial velocity. 

b. Find the final velocity of the particle and the time spent 
by it in the magnetic field, if the field now extends up to 
x+2.1L. (llT.JEE,1999) 

Sol. 
a. As the initial velocity of the particle is perpendicular to the 

field, the particle will move along the arc of a circle as shown 
(Fig. 9.8). 

Fig.9.S 

, 
If r is the radius of the circle, then mvo = ({voBo ,. 
Also, from geometry, L = /' sin 30° :::} /' = 2 L 

mvo 
L = - -0' 

2qBo 

2. lmvo 
b. In this case, L = 2q

B
o > r 

Hence, the particle will complete semicircular path and 

emerge from the field with velocity - Vol as shown in the 
figure. Time spent by the particle in the magnetic field 

T= trr '" trm 
Vo qBo 

The speed of the particle does not change due to magnetic field. 

A particle of mass 1 x 10-26 kg and charge 

+1.6 x 10-19 C travelling with a velocity 1.28 x 106 ms- I in the+x· 

direction enters a region in which uniform electric fieldE and a 
uniform magnetic field of induction Bare pJ'esent such that Ex 
= Ey = 0, Et = -102.4 kVm- l, and Bx =Bz=O,By =8 x 10-2. The 
particle enters this region at time I = O. Determine the location 
(x,y,z coordinates) of the particle atl = 5 x 10-6 s.1fthe electric 
field is switched off at this instant (with the magnetic field 
present), what wiU be the position ofthe particle atl = 7.45 x 10-6 s? 

(IlT-JEE, [982) 

Sol. The Lorentz force on the charged particle is F=q(E + ii + 8). 
The electric force on the charged particle, F £ = qEz which acts 

toward negative z·direction. 

z y 

o o 

• 
• 

Path ofpartic1~ 
onx- z plan~ 

R cos 9 

Z:l - Rcos9 

qE" 

x, 

X, =XI + Rsin9 

Fig. 9.9 

, 

P, 

• 

x 
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The magnetic force on the charged particle, F/I = qv.,B)'. 
As velocity of charge is ill +x-directi on and magnctic field is 

along +y-direction, from right hand rule the magnctic force acts 
along positive z-direction. 

Theresuhant force, F=Ff:+ FII=q(E,+v.,B)=q [-102.4 x 103 

+ 1.28 X 106 x 8 x 10~2 1 =0 
During time I = 0 to II =.5 X 1O~ 6, the resultant fo rcc on the 

particle is zero, it moves with un iform velocity v,. Thc position of 
the particle (XI' YI,ZI) after time II is 

XI = V.,II =(J.28x 106
) >< (.5 x lO-fl) =6.4 m 

When electric field is switched off, the particle circulates in xz
planc under the influence of magnctic fi cld. 

Radius R of circulation is 

1O~26 x 1.28 X 1Of> 
R= mY, =Im 

qB)' 1.6xlO~19 x8 xlO~2 

Let the partide rotate by an angle 8 = (1)(12 - II) . The arc length 
PIP2::: 2R 8= v.Jt2 -I I), as the particle circu lates for 

'r II = (7.4.5-.5)x 10-6 =2.4.5 x 1O-(,s 

8= vx(t2- 11) = (I.28xl06 )x(2.4.5xI0-(;) 

R I 
= 3.316=nradian 

The coordinates of the particle are 

X2 = XI +Rsin 8 =XI +Rsin n=XI =6.4m 

Zt:= R- Rcos 8=R -Rcos n=2R=2 m 

Note that 8= nimplies that '2 ::: Tl2, where Tis time period of 
circulation. We could have written the resu lt directly. 

A particle of mass In and charge q is 

projected into a region having a perpendicular unifonn magnetic 

field B of width d. Find the angle of deviation 80fthe particle as 
it comes out of the magnetic field. 

Sol. The radius of the circular orbit is r::: mv 
qB 

o 
e 

x 

x 

" x 

x , , , 
" , , , 

I X X X I L ______ ___________ J 

14 I>t 

" Fig. 9.10 

e 

The deviation (}may be obtained from the Fig. 9.10 as 

sin ()= ~ ::: dBq 
/" mv 

8 ,_,(dBQ) 
or = Sin --

mv 

Magnetics 9.5 

Note: 

III the above illllstration, 

(i) if d ~ere slightly less than m v , then the particle leaves 
Q8 

(ii) 

the magneticfield at B,just before it is able to tllm back. 
Helice tile angle of deviation is 90°_ 

If d were slightly greater than III v , then the particle 
qB 

IUrIls around and completes a semicircle. When it leaves 
the magnetic field its allgle of deviation is 180°, 

A charged particle of mass In and chargeq 
is accelerated through a potential difference of V volts. It enters 
a region of uniform magnetic field which is directed 
perpendicular to the direction of motion of the par 
tiele. Find the radius of circular path moved by the particle in 
magnetic field. 

Sol. Since the particle is accelerated through V volts, therefore its 
kinetic energy will be equal toqV. 

I )2QV - mv2
::: qV. Therefore, v::: -- , 

2 m 

mv ~2mv RadiusofcircularpathisgivenbyR::: - .Thcreforc, R::: --,' 
qB QB 

· IlIustratlon9.6 A particle of mass m and charge +q enters 

a region of magnetic field with a uniform velocity v, as shown in 
Fig. 9.11. 

o 0 
F o 0 

o 0 
E 

o 0 
Fig. 9.11 

a. Find the angle subtended by the circular are described by it 
in the magnetic field. 

h How long does the particle stay inside the magnetic field? 

c. If the particle enters atE, what is the interceptEF? 

(UT· JEE, 1984) 

Sol. 

a. The particle circulates under the influence of magnetic field. As 
the magnetic field is uniform, the charge comes out 
symmetrically. The angle subtended at the center is (180 - 28). 

h The length of the arc traced by the particle, e::: R(2n- fJ) 

T ' 'f' ld e R(2n - B) d Ime spent III the Ie ,t = - = an , , 
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9.6 Physics for IlT·JEE: Electricity and Magnetism 

R m'h·h· mil) =-w IC glvest=-(21C-
Bq Bq 

. . 2;rm T 
As tlme pcnod: T = - -, hence t = - (2;r- fJ) 

Bq 2;r 

........... ?9.:-... 

R, .. •·· 

, , 
/F8 

"O~'~S~i80 ---i8---.... 

90-' ........ .. ..... ii 

... 

Fig. 9.12 

We can generalise this result. If ¢is the angle subtended by 
the arc traced by the charged particle in the magnetic field, 

the time spent is t = T( !;r) 

c. Intercept EF = 2R cos e 

Illustration 9.7 A beam of protons with a velocity 4.0 x 

105 ms-I • enters a unifonn magnetic field of 0.3 tesla at an angle 

of 600 to the magnetic field. Find the radius of the helical path 
taken by the proton beam. Also, find the pitch of the helix (which 
is the distance travelled by a proton in the beam parallel to the 
magnetic field during one period ofrotation). 

(IlT-JEE, 1986) 

Sol. a. The radius of helical path r = mv.1. 
Bq 

b. r = mvsin e = (1.67 x 1O-2?)(4xI05)(sin600) 

Bq (0.3){1.6xlO-19
) 

= 1.2 x 1O-2 m 

Pitch of helical path p = vII' T 

60" ),,-.c..---o,-_ , 
", 

Fig. 9.13 

p= e:; )evcos fJ) 

(2;r){1.67 xlO-27 )(4xI05)(cos600
) 43 0-' 

9 = .7xl m 
(0.3)(1.6 x 10 1 ) 

mustration 9.8 An electron gun G emits electro,ns of 

energy 2 keY travelling in the positive x-direction. T~e 

electrons are required to hit the spot S whereGS = 0.1 m, and the 
line GS make an angle of 600 with the x-axis as shown in Fig. 

~ 

9.14. A uniform magnetic field B parallel to GS exists in the 
region outside the electron gun. Find the minimum value of B 
needed to make the electrons hit S. (lIT-JEE, 1993) 

~
: s 

--> --- -;-----L 
" G 

Fig_ 9.14 

1 
Sol. Kinetic encrgy of electron, K = "2 fIIv2 = 2 ke V 

)2K 2x2x1.6x10 16 _I 
:. Speed of electron, v = - = 31 ms 

m 91 x lO-

= 2.65 x lO?ms-1 

Sincc the velocity (v) of the electron makes an angle of 

8= 60° with the magnetic field B, the path will be a helix. 

So, the particle will hit S if GS = np; Here, fl = 1,2,3, ... 

. h fh I' 2;rm B p = pltC 0 CIX =--vcos 
qB 

s 

Fig. 9.15 

But for B to be minimum, !l = 1 

2"m 
Hence, GS = p = -- v cos () 

qB 

Substituting the values, we have 

21Cmvcos8 
=> B=Bmin = 

q(GS) 

(2;r)(9.l x 10-31 )(2.65 X 107
) (~) 

2 -3 
Bmin= 19 orBmin=4.73x 10 T 

(i.6xlO- )(0.1) 

Illustration 9.9 A slightly divergent beam of charged 

particles accelerated by a P.O. V propagates from a point A 

along the axis of a' solenoid. The beam is brought into focus at 
a distance I from the point A' at two successive values of 
magnetic induction B I and 8 2• Find the specific charge qlm of 
the particles. (lIT-JEE,2007) 

Sol. Let us first calculate the velocity of the particles from the 
en~rgy egu.ation, 
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!mv2 =Vq :) V=J2VQ 

2 m 

Since the charged particles are slightly divergent, they will 
follow a he lical path. Let (J be the small angle made by a particle 
withB. 

Then, v. = \I cos 8and Vol = v sin () , 
. mVL 

F, = centnpetal force = qV1.8 = R 

B 
mll.1 

q = 
R 

::) q8 ::: mwR 
R 

aJ= q8 ::) T = 2mn 
III q8 

. . 2trm 2nvm 
:. fJ (pilch orlhc parllelc) = vQX T = II cos (Jx --=-

q8 q8 

Panicles are focussed if f contains integral number of pitches. 

t = "l' => p = (/ft = t, tl2. l/3, , .. 

.'. For two consecutive focussings. 

0 ' 

0' 

0' 

( = p = 2mnv and 
qB, 

B
I 
= 2Jr111v and 

qt 

t 2H1l1v 

.4llmv 
B- - -

2 - q l ' 

. 2mll )2VQ 
or, 8 2 - 8 1= - - - - , 

q l m 

!!.. = 8;rlV 
III /.2{Bl _ 81)2 

J lllustration 9.10 A beam of charged particle, having kinetic 

energy 103 cV, contains masses 8 x 10-27 kg and 1.6 x 10-26 kg 
emerge from the end of a n accelerator tube. There is a plate at 
distance 10-201 from the end orlhe tube and placed perpendicular 
to the beam. Calculate the magnitude of the smallest magnetic 
field which can prevent the beam from striking the plate. 

Sol. Let B be required magnetic fi eld lUld EI: Hie kinet ic e nergy, 

Maximum radius of ci rcular path for the beam not to strike the 

plane 

1111' ~ ,= - = 
liB qB 

For maximum radius', 'mass should be maximum and magnetic 
fiCid shou,ld be minimum, i.e., 

'tn.'\'( = 
J2mrrw. Ek 

qBmin 

--, ::r 

Oeam , , x 
B~m 

'. 
x ~'" x , , 

, 
x x x' 

to-2 m 
Plate 

, 
x x ;/ 

x ••• JI.'/ x 
--' 

Fig, 9.16 

Given I'nw: I O~2m, IIImnx = 1.6 x 10-26 kg 

q = e = 1.6 x 10-19 C (assume) 

EI: = 103cV = 103x 1.6x\O~19 J 

loIagnetics 9.7 

B . = ~~.::2:::X:::' ",6:::X:::IO::-_",:X::.':;,' ::o',:X,,',,' 6:::X::.l:::0~-'-"'-') 
l1un 1.6x 1 0~ 19 x lO-l 

= 1.6.J2x IO-
21 

= .J'2T= 1.414T 
1.6x 10-21 

PATH OF A CHARGED PARTICLE IN BOTH 
ELECTRIC AND MAGNETIC FIELDS 

/ 
Here, normally two cases are popular. In the fIrSt case, Ell Band 
particle velocity is perpendicular to both of these fields. In the 

second case, E.l Ii and the particle is released from rest. ·From 
IIT·JEE point of view, first case is useful. Here we will discuss 

case I . 

Case J: When it II B and particle velocity is perpendicular 

to both of these fi elds. 
Consider II particle of charge q and mass m released from Ihe 

origin with velocity v = 1'01 into a region of uniform electric and 

magnetic fields parallel to y-axis, i.e .• E = EoJ and B = Bo). 
The electrie field accelerates the particle in y-direclion, i.e., y 
component of velocity goes on increasing with acceleration, 

F, F qEo 
a =- ::....!.. :: 

'I In III m 

The magnetic field rotates the partic le in a circle in X- t plaMe 
(perpendicular to magnetic fie ld). Thc resultant palh or the particle 
is a hel ix with increasing pitch. The axis of the plane is parallel to 
y-axis. Velocity of the part icle at time t would be, 

v( t )= v)' +v'I J +vi 

Here v =llt = qEO t 
Y 'I III 

and v.~ + v: = constant = v&; Bq 
()=Wf= - / 

m 
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9.8 Physics for IIT·JEE: Electricity and Magnetism 

. 8 . (Bq, ) 
v~= YOsm =Yosm -;;; 

. (Bq,). (qEO ) _ • (Bq,). 
v(t)=vocos ----;;;- 1+ -;;;t J+vosm ----;;;- k 

, 

t= 0 

--------, , , , 
" , , 

Fig. 9.17 

Similarly, position vector of particle at time t can be given by, 

r(t)=x[+y]+zk 

Here, y =..!. a t 2 =..!.(qEo),2 
2 y 2 m 

x=rsino =(~~ }in(B:t) and 

z= ,(I-oos 8) =('~~ n-oos( B;' ))] 

r(t)=(~~ }in(B:t)[+&(q~ )t2J 

+(~~ n-oos(~;'))]k 
Illustration9.11 A particle of mass m and charge q is 

released from the origin in a region occupied by electric field E 

andmagneticfieldB, jj =-Bo); E = Eo). 
Find the speed of the particle as a function of the 

x-coordinate. 

Sol. Since the magnetic field does not perform any work, therefore 
whatever has been the gain in kinetic energy it is only because of 
the work done by electric field. Applying work-energy theorem, 

We=I:J.K 

1 2 qEx= -my -0 or 
2 

Illustration 9.12 An electron accelerated through a 

potential differenceof2.5 kV, moves horizontally into a region of 

space in which there is a downward directed uniform electric 
field of magnitude 10 kVm- 1• 

a. In what diredion must a magnetic field be applied so that the 
electron moves undeOected? Ignore the gravitational force. 
What is the magnitude of the smallest magnetic field 
possible in this case? 

h What happens if the charge is a proton that passes through 
the same combination of fields? 

Sol. The Lorentz force experienced by the electron is 

F= -e(E+ vxB), 

·,E 

E 

4 4 
l- tvx BI" evB 

\ (a) 

4 

B 

Fig. 9.18 
(b) 

4 

B 

. where E i~ the electric field, jj is the magnetic field and v is the 
velocity of electron. The magnitude of magnetic force is evB sin 0, 
where 0 is the angle between the velocity and the field. The total 
force vanishes, hence 

B= Elv sin 0 (i) 

The magnetic field is to be smallest, therefore 0= 90°. Thus, 
B=Elv. 

Fig. 9.18(a) shows forces on an electron. In case of proton, 
both electric and magnetic forces reverse direction, but they still 
cancel; see Fig. 9.18(b). 

Kinetic energy of electron :: eV = 2.5 keY 

v=~2K = 2(2.5 x10
3
)(1.60x 10-

19
) =2.96x101 ms-l 

m 9.l1xlO-3 l 

B= E= lOx10
3 

3.37xiO-4J 
V 2.96x107 , 

1. A charged particle of mass 5 mg and charge q = +21!C has 
velocity v = 2[ -3J +4£ . Find out the magnetic force on 
the charged particle and its acceleration at this instant due 

to magnetic field B = 3J -21<.. v and B are in ms- l and 
Wbm-2

, respectively. 
2. A charged particle has acceleration a = 21 + x] in a 

magnetic field B = -3[ +2J -4k. Find the value ofx. 
3. A positive charge particle of charge q, mass m enters into 

a uniform magnetic field with velocity v as shown in 
Fig. 9.19. There is no magnetic field to the left of PQ. 

,P , , , , 
'A ;AlQ 

®B 

Fie. 9.19 
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Find (i) time spent. ( ii) d istance travelled in the magnetic 
fie ld, (iii) impulse of magnetic force. 

4. Repeat above Question 3, if the charge is - ve and the angle 

made by the boundary with the veloci ty is ~. 
5. A uniform magnetic fie ld ofstrcngth 'B' exists in a region of 

width 'd' . A panicle of charge 'q' and mass 'm' is shot 
perpendicularly (as shown in Fig. 9.20) into the magnetic 
field. Find the time speed n by the particle in the magnetic 
field if 

• d mu •. > 
qB 

, 
8 - 0: 

j~ q,l/I r U 

ii. d < filII 
qB 

, , , 
B - O 

, , , , 
" to-----;--+. ' 

d 

Fig. 9.20 

6. In Fig. 9.2 1, what should be the speed o f the charged 
panicle so that it cannot collide with the upper wall? Also, 
find the coordinates o f the point where the particle mikes 
the lower plate in the limiting case of velocity. 

" , wa ll , , , 
q,1II ' 

, , 
®B " d 

, 
(0,0) 

, , , 
FIg. 9,21 

7. A charged particle enters into a region which offers a 
resistance against its motion and a uniform magnetic field 
exists in the region . The particle traces a spiral path as 
shown in Fig. 9.22. State the fo llowing statements as True 
and False. 

Fig. 9.22 

i. Componelll o f magnetic field in the plane of spiral is 
zero. 

ii. Part icle enters the regio n at Q. 
iii. If magnetic field is outwards, then the particle is 

positively churged. 
iv. If magnetic field is ou twards , then the particle is 

negatively charged. 
8. An electron moves in a uniform magnetic fie ld and follows 

a spiral path as shown in Fig. 9.23. State the following 
statements as True and False. 

lo1agnetin 9.9 

Fig. 9.23 

i. Angular velocity of the electron remains constant. 
Ii. Magnitude of ve loc ity of the electro n decreases 

continuously . 
iiI. Nel,force on the partide is always perpendicular to its 

direction of motion. 
iv. Magni tude o f net force on the electron decreases 

continuously. 
9. A charged particle moves in a gravity free space where an 

electric field of strength E and a magnetic field of induction 
B ex ist. State the following statements as True and False. 

a. If E ¢ 0 and B ~ 0, velocity of the particle may remain 
constant . 

b. If E = 0, the particle cannot trace a circular path. 
c. If E =0, kinet ic energy of tile particle remains constant. 

10. A particle with charge +q and mass III. moving under the 

innuence of a uniform e lectric fie ld Ei and a uniform 

magnetic fi eld 8k. follows a trajectory fmm Pto Q as shown 

(Fig. 9.24). The velocities at P and Qare vi and -2v]. 

y 

, 
p w ,~ .. 

--> , 
Q ., 

01 0 2" 

, 

Fig. 9.24 

i. Value of electric field is, ___ _ 
ii. TIle r.ueofworkdone by the electrie field atPis _ __ . 

HI . 1be rale of work done by both the fields at Q is __ _ 
II . A particle with charge -5.00 nC is moving in a uniform 

magne't ic fie ld jj = -(1.2ST)k. The magnetic force on the 
particle is measured to be 

i = - (3.40x 10-7 N)i + (7.40x 10-7 N)J. 
a. Calculate all components of velocity of the particle that 

you can from this infonnation. 
b. Are there components of the velocity that are not 

determined by the measurcmcntof the force? Explain. 

c. Calculate the scalnr product v· i. What is the angle 

between v and F ? , 
12. A particle with charge 7.80 Ile; is moving with velocity 

ii = - (3.80 X I 03 ms·· l
)]. The magnetic force on the particle 

is measured to be i = +O.60x I 0-3 N)I - (S.20x I 0-3 NtC 
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g.10 Physics for IIT·JEE: Electricity and Magnetism 

a. Calculate all the componcnts of the magnetic field you 
can from this information. 

h Are there components of the magnetic field that arc not 
determined by measurement of the force? Explain. 

c. Calculate ~he scalar product jj. f.. What. is the anglc 

between Band F? 
13. A particle with charge 6.40 x 10-19 C travels in a circular 

orbit with radius 4.68 mm due to the force exerted 011 it by a 
magnetic field with magnitude 1.65 T and perpendicular to 
thc orbit. 

a. What is Ihe magnitude of the linear momcntom P of the 
particle? 

h What is the magnitude of the angular momentum i of 
the particle? 

14. Fig. 9.25 shows the Irace of the path of a charged particle in 
a bubble chamber. Assume that the magnetic ficld is into 
the plane of the paper, with magnitude 0.4 T. The smooth 
spiral path occurs becaose the particle loses energy in 
ionizing molecoles along the path . 

:-: 
B is into the P.1gC 

Fig. 9.25 

a. Which part of the ·path corresponds to higher kinetic 
energy for the particle? 

h Is the charge positive or negative? 
c. The radius ofcurvaturc ranges from 70 to 10 mm. What 

is the range of values of the magnitude of momentum if 
the magnitude of the charge is e ? 

15. A particle of mass m and charge q is accelerated by a 
potential difference V volt and made to enter a magnetic 
field region at an angle e with the field. At [he same moment, 
another particle of same mass and charge is projected in 
the direction of the field from the same point. Magnetic 
field induction is B. What would be the speed of second 
particle so that both particles meet again and again after 
regular interval of time, wbich should be minimum? Also, 
find the time interval after which they meet and the distance 
travelled by the second particle during that interval. 

16. A beam of equally charged particles after being accelerated 
through a voltage V enters into a magnetic field 'B' as 
shown in Fig. 9.26. It is found that all the particles hi t the 
plate between C and D. Find the ratio between the masses 
of the heaviest and lightest particles of the beam. 

, , , , 
, , 

ln~: : , , 
d , , , 

D~ x x. , , 

FIg. 9.26 

17. A proton and an alpha particle are projected in a magnetic 
field which exists in the width of region d. Compare the 
angles of deviation suffered by the proton and the alpha 
particle if before entering the magnetic field both the 
particles 

® ® ® , , 
® 

A 
, 

Fa 
Path of particle 

" 
F, ® --0· ® 

8oL, d 

Fig. 9.27 

a. have the same momentum, 
h have the same kinetic energy, and 
c. arc aceclcrated through the same potcntial difference. 

Take lIIa= 41111" q ,,= 2</1' . 
18. A beam of singly ionized atoms of carbon (each charge +e) 

all have the same speed and enter a mass spectrometer, as 
shown in Fig. 9.28. The ions strike the photographic plate 
in two different locations 5.00 cm apart. The t2C6 isotope 
traces a path of smaller radius, 15 .0 cm. What is the atomic 
mass number of other isotope? 

5.00Cl~]~ 

® 

Fig. 9.28 

® 

® 

® 

® 

® 

® 

19. A charge q = -4 flC has an instantaneous velocity ii 

= (2i -3J + k)x 106 ms- I in a uniform magnetic field jj 

= (2i + 5 J - 3k) x I 0-2 T . What is the force on the charge? 

20. When a proton has a velocity ii = (2i + 3]) x 106 ms- t, it 

experiences a force f. = -(1.28 x 10- 13 k) N. When its 
velocity is along the z-axis, it experiences a force along the 
x-axis. What is the magnetic field? 

21. The force on a charged particle moving in a magnetic field 
can be computed as the vector sum of the force due to each 
separate component of the magnetic field. As an example, a 
particle with charge q is moving with speed v in the -y 
direction. It is moving in a uni form magnetic field 

B=f3.J +By J+BJ. 
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a. What are the components of the force F exerted on the 
particle by the magnetic field? 

h If q > 0, what must the signs of the components of B be 
if the components F arc all non-negative? 

c. If q < 0 and B~ ::: By = Bz > 0, find the direction and 

magnitude of F in terms ofl q I, v and Bx' 

22. A particle of charge q > 0 is moving at speed v in the +z 
direction through a region of uniform magnetic field. The 
magnetic force on the particle F = Fo(3! +4i), where Fo is 
~ positive constant. 

a. Determine the components Bx ' By and Bz or at least as 
many of the three components as is possible from the 
information given. 

h If it is given in addition that the magnetic field has 
magnitude 6Fol qv, determine the magnitude of Bz. 

23. Protons having a kinetic energy of 5.00 MeV arc moving 
in the positive x-direction and enter a magnetic field 

B = 0.0500kT directed out of the plane of the page and 
extending fromx = 0 tox = 1.00 m, as shown in Fig. 9.29. 

a. Calculate the y-component of the protons' momentum 
as they leave the magnetic field. 

h Find the angle ¢ between the initial velocity vector of 
the proton beam and the velocity vector after the beam 
emerges from the field. Ignore relativistic effects and 
note that l eV = 1.60 x 10- 19 1. 

• ••••••• 
• ••• •••• 
• ••••••• 
~. · ...... ~ 

• ••••••• 
• ••••••• 

Fig. 9.29 

24. Electrons in a beam are accelerated from rest through a 
potential difference 6. V. The beam enters an experimental 
chamber through a small hole. As shown in Fig. 9.30, the 
electron velocity vector lie within a narrow cone of half 
angle tP oriented along the beam axis. We wish to use a 
uniform magnetic field directed parallel to the axis to focus 
the beam, so that all of the electrons can pass through a 
small exit port on the opposite side of the chamber after 
they travel the length d of the chamber. What is the 
required magnitude of the magnetic field? 

Fig. 9.30 

Magnetics 9.11 " 

FORCE ON A CURRENT CARRYING WIRE 
Fig. 9.31 shows a straight segment of a conducting wire, with 
length f and cross-sectional area A; the current is from bottom to 
top. The wire is in a uniform magnetic field ii, perpendicular to 
the plane of the diagram and directed into the plane. Let us 
assume first that the moving charges arc positive. 

x x " x ~ x x 

x x , x 
, x x 

x x 
x x 

x x 

x 

Ft : Bx 
x 

x x x X 

Forces on n moving positive 
charge in" current carrying 

conductor. 

Fig. 9.31 

The drift velocity ii" is upward, perpendicular to B. The 

average force on each charge is F::: qv" x 8, directed to the left 

as shown in the figure; since ii" and jj are perpendicular, the 
magnitude of the force is F= qv"B. 

" A straight wire segment of l~gth t carries a 
current I in the direction of e. Thc magnetic 
force on this segment is perpendicular to bOlh 
land the magneti<; field B. 

Fig. 9.32 

We can derive an expression for the total force on all the 
moving charges in a length e of a conductor with cross·sectional 
areaA. The number of charges per unit volume is n; a segment of 
conductor with length f has volumeAf and contains a number of 

charges equal tonAf. The total force F on all the moving charges 
in this segment has magnitude 

F= (nAt) (qv,l3) = (nqv,yI.)( f B) (i) 

The current density is J = nqv(/. The product JA is the total 
current I, so we can rewrite (i) as, 

F= !eB (ii) 

If the field Ii is not perpendicular to the wire but makes an 
angle ¢ with it, we handle the situation the same way we did for a 
single charge. Only the component of jj perpendicular to the 
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9.12 Physics for IIT-JEE: Electricity and Magnetism 

wire (and to the drift velocities of the charges) exerts a force; this 
component is B.L :z b sin II. The magnetic force on the wirc 
segment is then 

F= IfB.L = JtB sin II (iii) 

The force is always perpendicular to both the conductor and 
the field, with the direction detennined by the same right hand 
rule we used for a moving positive charge (as shown in Fig. 9.32). 
Hence, this force can be expressed as a vector product,just like 
the force on a single moving charge. We represent the segment of 

wire with a vector e along the wire in the direction of the current; 

then the force ft on this segment is 

F = ax B (magnetic force on a straight wire segment) (iv) 

If the conductor is not straight, we can divide it into 

infinitesimal segments de. The force dF on each segment is 

dE' = I ex B (magnetic force on an infinitesimal wire section) 

(,) 
y 

'" F 

(a) 

y 

(0) 

(a) Magnetic field ii, length f and force F" vectors for a straight wire 
carrying a cnrrent I. 

(b) Reversing B reverses F. 
(c) Also reversing the current reverses ( .1Ild returns p. to Ihe same 

directions as in (a) 

Fig. 9.33 

Direction of Force on. a Current Carrying Wire in 
Magnetic Field 

Left Hand Rule 

If the thumb and first two fingers of the left hand arc held each at 
right angles to the other, with the first finger pointing in the 
direction of the field and the second finger in the direction of the 
current, then the thumb predicts the direction of the thrust or 
force. 

" " dF ilF 

, " 

Fig. 9.34 

Right Hand Palm Rule 

Stretch the fingers and thumb of right hand at right angles to each 
other. Then if the fingers point in the direction of field Band 
thumb in the direction of current I, the normal to palm will point 
in the direction of force (or motion). 

Regarding the force on a current carrying conductor in a 
magnetic field it is worth mentioning that: 

As the force BI dL sin q is not a function of position r, the 
magnetic force on a current clement is non-central [a central force 
is of the form F= ,-\f{r)iir ] 

The force dF is always perpendicular to both B and I dL 
though jj and I dL mayor may not be perpendicular to each 
other. 

• In case of current carrying conductor in a inagnetic fiel~ if 

the field is uniform, i.e., 8 "" constant, 

F= J IdixB=I[J dL ]x B . 

. J::?f a conductor, J dL r~prescn,ts ti!e vector $~m 0(~11 thc, 

length clements from initial to final point, which in . 
accordance with the law of vector addition is equal to the 
length vector L joining initial to final point. So, a current 
canying conductor of any arbitrary shape in a uniform field 
experiences 'a force " 

Ii' = ;[f dil~ii = Ii xn] 
, x 

" B => 
F B 

, 

A 
x , 

Fig. 9.35 

wherc L is the length vector joining initial and final points 
of the conductor as shown in Fig. 9.35. 
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If the current carrying conductor in the form of a loop of 
any arbitrary shape is placed in a uniform field, 

F '"' ~/dL xii'"' l[tpdL] x B. 
For a clo~ed loop, the vector sum of dL is always zero. 

So, p'"'o [aspdL := O] 

j.e., the net magnetic force on a current loop in a uniform 
magnetic field is always zero as shown in Fig. 9.36. 

x 

x x 

F" /(~i0xBgO 

Fig. 9.36 

• A current carrying loop in a uniform magnetic field 

Here, it must be kept in mind that in this situation different 
parts of the loop may experience elemental force due to 
which the loop may be under tension or may experience a 
torque as shown in Fig. 9.37. 

" F = O 
1-0 

,/ 
F., 

Current loop in a 
uniform field 

Fig. 9.37 

• 
. ~ 

dF - O ~/'" 
B 

,IF - 0 

~ . , 

• If a current carrying conductor is situated in a non-uniform 
field. Its different clements will experIence different forces; 
so in this situation, PII. =: 0 but T mayor may not be zero. If 
the conductor is free to move, it translates with or without 
rotation as shown in Fig. 9.38. 

x x X 

A 

D x x 

F" 
x x 

B x x x 

" F~ ~ O 

1- 0 
Loop in the field of 

current c"lT)'ing wire 
All 

A 

B 

" !j"'-O 
,,0 

A current carrying rod 
in the field of wire 

A8 

Fig, 9,38 

Magnetics 9.13 

, ~, 

Force Between Two Infinite Parallel Current 
Carrying Wires 

Let two infinite parallel wires carrying currents I and I' are 
separated by a distance r (Fig. 9.39) . 

" •• , .. 

(x) 

i' 

~~~ II 
r 

, 

i! 
(b) 

Fig. 9.39 

, 

" ~ 

If we take an arbitra{y point on the second wire, 

F - Poll'e 
2t - 2 ::::;) 2,,, 

F21 =: Jioll' 
12 21tr 
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9.14 Physics for lIT -JEE: Electricity and Magnetism 

F. 11' 
By symmetry, --..!l. =!:!5L--.. 'I 2ffr 

(Force per unit length on the first 

wire, due to second wire) 

Note: / 
/ • Pol [' I I . 

. Force -per unit length = --, We note t tat tIe lV,res 
2., 

carrying current in the same direction attract. 

Illustration 9.13 A circular loop of radius R is bent along a 

diameter and given a shape as shown in Fig. 9.40. One oCthe 

semicircles (KNM) lies in thex-z plane and the other one (KLM) 
in they-z plane with their centers at the origin. Current / is 
flowing. through each of the semicircles as shown in the figure. , 

L 

N 
, 

I )' 
K )-., , , 

Fig. 9.40 
a. A particle of chargeq is released at the origin with a velocity 

v'" -vo j . Find the instantaneous force/on the particle. 
Assume that space is gravity free. 

h If an external uniform magn,etk field B j is applied, 
determine the forces!1 and!2 on the semicircles KLM and 
KNM due to this field and the net force F on the loop. 

(UT -JEE,2006) 
Sol. R = Radius of circular loop. Given that semicircle KNMlies in 

the x-z plane while the semicircle KLM lies in the y-z plane. 
Both the semicircles have their centers located at the origin. 

a. Charge on the particle released at the origin = q 

Velocity of the particle, v = vol 
Magnetic field at center D due to current carrying loop KLM 
lying iny-z plane 

iii = ~~ (- }). The direction of iii wi!! be along - vex-axis. 

Similarly, magnetic field at center 0 due to current carrying 

, . -Pol, 
loopKNMlymg mx-zplane, B2 = -(j). 

4R 
Thus, the two fields at 0 arc mutually perpendicular in vector 
fonn. Total field at Dcan be expressed as 

- , , IIJ(, '} B == -IBI + ;Bz = 4R - I +; , 

(Front Vi: &11h J-. z 

M :IfPLx 
F 

I 
if 

6 

Fig. 9.41 

=-••• 

Hence, instantaneous force acting on the charged particle, 
released at 0 

,+-~Ki->!r; ___ 0 ____ __ M . . . . o 0 0 0 
KIM z 

T +--, iT"""'w" o 0 0 0 + semlclrcular 
x wire) 

~ 

F 

Fig. 9.42 

- ( -) [ '(' '}1I01] F == q V X B = q -voi X - i + j 4R 

Polvo [, (~~}J Polvo -="4R 1XI - J =-4R k , 

F ~ 1(2R)(-k)xBO) ·=2R1Bi 

b. Extemal unifO!TIl magnetic field Sex! = B] 
As semicirCular wires are placed in unifonn magnetic field, these 
loops can be reduced to straight wires each of length 2R placed 
alongz-a~is (by jOi.ning initial pointK and final pointM). 

Force Pi on semicircular loop KLM lying iny-z plane: 

Force on a current element Ide in a field ii is given by 

dF~I(dix8} 
The force on a current carrying conductor in a unifonn field 

willb, F = J f(di x 8}= 1[1 diJx ii ~ 1[ KM xii] 
Hence net force due to both the wires 

== F. = 2F = 4R1B i 
"" 

TUustration 9.14 1\vo long parallel wires carry currents of 

equal magnitude but in opposite directions. These wires are 

suspended from rodPQ by four dlOrds of same length L as shown 
in Fig. 9.43. The mass per unit length of the wires is A. 
Determine the value of Oassuming it to be small. 

Fig. 9.43 

Sol. The force per unit length between current carrying parallel 

wires is dF = P OI 1I2 

dL 2trd 
!ftwo wires carry current in opposite directions the magnetic 

force is repulsive, due to which the parallel wires in Fig. 9.43 have 
moved out so that equilibrium is rcached. 

Fig. 9.44 shows freebody diagram of each wire. In equilibrium, 
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e , 
T T 

x 
(2LsinO) 

(ALO)g cUn)g 

Fig. 9.44 

r.F)"= 0, 2Tcos 8= (ALu)g 
r.Fl. = 0, 2Tsin ()= FII' 

F, 

Now, dividing equation (i i) by (i), we get tan 8= ~ 
A4,g 

(i) 

Oi) 

(iii) 

. (dF) Ii /2 ThemagnctlcforceF/!= - X4 =-'- .- 4, 
dL 4;1l"SIIl () 

(iv) 

For small (), tan e"" sin eo:; () 

On substi tu ting equation (iv) in (i ii), we get ()= I ~ Po 
4MgL 

' Illustration 9.15 • A straight segment DC (oflcngth L meter) 

of a circuit carrying a current I amp is placed along the x-axis. 

1\vo infinitely long straight wircsA and n, each extending from 
z = _00 to +00 arc fixed at y = -a meter and y = +a meter, 
respectively, as shown in Fig. 9.45. If the wires A and Beach 
carry a current J amp into the plane of the paper, obtain the 
expression for the force acting on segment DC. What will be the 
force on OC if the current in the wireB is reversed? 

(IlT-JEE, 1992) 

y 

(0,11 , 0) 
e 

0 
c 

x 
L----> 

Z " (0, -(1, 0) 

Fig. 9.45 

Sol. Let us tukc an element of thickness dx at a distance x from 
origin on the wire OC. Magnetic field B A produced at P (x,a,O) due 

to wires placed at A and B arc 

BA = pJnffR, B8=J10tn1rR 
Component~ of Blo and BI! along x-axis cancel, while those 

along y-ax is add up to give total field, 

Magnetics 9.t5 

The force dF acting on the current clement is 

dF = [(ell xB) 

Hence, net force on wire DC, F = J dF 

I.e., 

y 

• S R 

" P(x, 0, 0) 
0 " e X 

" R " " Z s, S, 
A 

Fig. 9.46 

Irthe current in B is reversed, the magnetic field due to the two 
wires would be only along x-direction and the force on the current 
carrying wire along x-direction will be zero. 

concept Application ' E~er!=ise 9~2, 

1. Two long wires, carrying currents il and i2l are placed 
perpendicular to each other in such a way that they just . 
avoid a contact. Find the magnetic force on a small length . 
dl of the second wire situated at a distance 2 from the first 

wire. 

" 

+;it 
>--<-----; 

Fig. 9.47 

2. A wire is bent in the form of an equilateral triangle PQR of 
side 10 cm and carries a current of 5.0 A. It is placed in a 
magnetic field B of magnitude 2.0 T directed perpendicularly 
to the plane of the loop. Find the forces on the three sides 

of the triangle. 
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9.16 Physics for IIT.JEE: Electricity and Magnetism 

x X X X X 

X X 
B 

X X 

'--,~~Q 
X X X X X 

Fig. 9.48 

3. Fig. 9.49 shows two long metal rails placed horizontally and 
paraliel to each other at a separation I. A unifonn magnetic 
field B exists in the vcrtically downward direction. A wire of 
mass m can slide on the rai ls. The rai ls arc connected to a 
constant current source which drives a current i in the 
circui t. The friction coefficient between the rails and the 
wireisj1. 

a. What should be the minimum value of J.l which can 
prevent the wire from sliding on the rails? 

h Describe the motion of the wire if the value o f J1 is half 
the value found in the previous part . 

x x x x x x 

x x x x 

x x x x x x 

Fig. 9.49 

4. In Fig. 9.50, a semicircular wire is placed in a uni fo rm field 
jj directed toward right. Find the resll ltant magnetic forelp 

and torque on it. 

0' P . .+---:,---+ Q 
B 

~g. 9.50 

5. In Fig. 9.5 1. find the resultant magnetic force and torque 
about 'C,and'P '. 

p0Q 
C R. 

Fig. 9.51 

6. Find th~ magnetic force on the loop 'PQRS' due to th~ loop wire. , 

't QdiL, 
,+---a-+R S , , 

Fig. 9.52 

7. A straight wire of mass 200 g and length 1.5 In carries a 
curr~nt of 2 A. It is suspended in mid-air by a uniform 
horizontal magnetic fiel4 B. What is the magnitude of the 
magnetic field? 

I I ~ , 
; 

' - L,. Horizontal plane 

"" t 
"!? 

I '-H 

}o' jg.9.53 

8. Calculate the force on a current carrying wire in a uniform 
magnetic fie ld as shown in Fig. 9.54. 

" " '" "" '" "/ "," ,,/ ,," "" ",Q ,,/ "" " ,~ ,~ , 
",." , '" "' ?"" " "" /"" 
,~ " ,~ p , ~ ,~ ,~ ,~, 

• 
Fig. 9.54 

9. The horizontal component of the earth's magnetic field at a 
certain place is 3 x 10-.5 T and the direction of the field is 
from the geographic south to the geographic north. A very 
long straight conductor is carrying n steady current of I A. 
What is the force per unit length on it when it is placed on 
a horizontal table and the di rection of the current is 

a. east to west; b. 'south to north? 
10. The circuit in Fig. 9.55(a) consists of wires at the top and 

bottom and identical metal springs as the left and right 
sides. The wi re at the bottom has a mass of 10.0 g and is 
5.00 cm long. The springs stretch 0.500 cm under the weight 
of the w,ire, and the circuit has a total resistance of 12.0 n. 
When a magnetic field is turner! " rjirf"C"tNi out of the 
page, the springs streich an adl. .,.'n~ , j , I v ,;'1 ':.,1. What is 
the magnitude of the magnetic field? (The upper portiO! ; of 
the circuit is fixed.) 

24.0 V 

• • • • 
• • • • 

S.OOCtll 

Fig. 9.55(a) 

11. A long straight conductor carrying II is placed in the plane 
of a ribbon carrying current 12 parallel to the previous one. 
The width of the ribbon!s b and the straight conductor is at 
a distance a from the near edge. Find the force of attraction 
belween the two. 
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b 

Fig. 9.55 (b) 

12. The pie-shaped current loop shown in Fig. 9.56 sublcnds 
an angle of irl6 rad and lies in the xy-plane. The radius 
R = 40.0 em and the current I = 6.00 A. The uniform magnetic 
field B is parallcl to the positi ve l-axis and has a magnitude 
ofO.750T. 

a. Compute the magnetic force (magnilUde and direction) 
on the segment abo 

h Compute the magnetic force on the segment be. 

c. Compute the magnetic force on the segment ca, and 
show that the net force on the current loop is zero. 

y 

, 

, 
Fig. 9.56 

13. A charge Q is uniformly distributed over a ring which is 
rotaling with constant angular velocity (0 about an axis 
passing through ils cenler and perpendicular to the plane. 
A wire which carries a current I is lying perpendicular \0 the 
plane of the ring along its axis having one end at its center. 
Find resultant magnetic force on the wire by the ring. 

Fig. 9.57 

14. Each of the lettered points at the corners of the cube as 
shown in Fig. 9.58 represents a positive charge q moving 
with a velocity of magnitude v in,the direction indicated. 
The region in the figure is in B uniform magnetic field 8. 
parallel to the x-axis and directed toward the right. Copy 
the fi gure, find the magnitude and direction of the force on 
each charge and show the force in your diagram. 

Hagnf!tks 9.17 

y 

b 

------ , , ' ~ ,'-4. , 
d 

" ' ?-i-f-7' ~, 

" , 
Fig. 9.58 

J S. A +6.00 ~C point charge is moving at a constant velocity of 
8.00 x 106 ms-..l in the +y-dircction. relative to n reference 
frame. At the in~tantwhcn the point charge is at the origin 
of this reference frame. what is the magnetic field vector it 
produces at the fo llowing points: 

a. x=O.500m,y=O,;:=0,and 
b. x = 0, y = -0.500 m, Z = O. 

16. If magnetic field calculuted in Question no. 15 is 8o, then 
calculate the magne tic field at the points 

a. x = 0, z = +0.500 m, and 
b. x = 0. y = -0.500 111, Z = +0.500 m. 

17. The cube as shown in Fig. 9.59, 75.0 cm on a side, is in a 
uniform magnetic fie ld of 0.860 T parallel to the x-axis. The 
wire abcde[ carries a current of 6.5R A in the direction 
indicated. 

" , 

J' 

d 

Fig. 9.59 

a Detennine the m;:lgnitude and direction of the force acting 
on the segment ab. 

b. Determi~e the mugnitude and di rection of the force 
acting on the segment be. 

c. Determine the magni tude and direction of the force 
acting on the segment cd. 

d. Determine the magnitude and direction of the force 
acting on the segment de. 

c. Determine the magnitude and direction of the force 
acting on the segment ef 

f. What are the magnitude and direction of the total force 
on the wire? 

18. Two long. parallel wires arc separated by a distance of 
0.400 III (as shown in Fig. 9.60). The eurrents ! t and lzhave 
the directions shown . 

II " S.OO A 

-->. e, =="'Tf === 

~===O=.="~JO m==== I~ " 2.00 A ~ t .. 

Fig. 9.60 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



9.18 Physics for IlT·JEE:'Electricity and Magnetism 

a Calculate the magnitude of the (orce exerted by each 
wire on a 1.20 m length of the other. Is the force attractive 
or repulsive? 

b. Each current is doubled, so that II becomes 10.0 A and 
/2 becomes 4.00 A. Now, what is the magnitude of the 
force that each wire exerts 011 a 1.20 m length of the other? 

19. A straight wire lies along a body diagonal of an imaginary 
cube of side a = 20 em, and carries a current of 5 A (as 
shown in Fig, 9.6\), Find the force on it due to a uniform 

field 8=0.6JT. 

,/ 
,/ 

, ------ - --~ 
/' , , 

F ,/ : -- , ,i ... ~t~~' ''!!~'~:.'~+ I '-+--11 

,/' , , 
I _________ .!-' 

" 

Fig. 9.61 

y 

20. In Fig. 9.62, the bar AChas amass of 50 g. It slides freely on 
the metal strips 40 em apart at the edges of the incline. 
A current I flo ws through these strips and the bar, as 
inclined. There is a magnetic field IB) = 0.02 T directed in 
the -y-direction. How long must I be if the rod is to remain 
motionless? Neglect the slight overhang of the rod. 

, 

, 
...-c:..-.---r--V 

37' 

Fig. 9.62 

21. In Fig. 9,63, a three sides frame is pivoted atAC and hangs 
vertically. Its sides are each of the same length and have a 
linear density of 0.10 kg m-I. A current of 10.0 A is sent 
through the frame, which is in a unifonn magnetic field of 10 
mTdirected upward. Through what angle wi ll the frame be 
deflected? 

A 

:' , 

c 

, .-

Fie. 9.63 

22. A rod of mass 0,720 kg and radius 6.00 em rests on two 
parallcl rai ls thatared = 12.0 cm apart and L=45.0 cm long. 
The rod carries a current of I = 48.0 A (in thc dircction 
shown) and rolls along the rails without slipping. A uniform 
magnetic field of magnitude 0.240 T is directed 
perpendicular to thc rod and the rail s. If it starts from rest, 
what is the speed of the rod as it leaves the rails. 

n 

Fig. 9.64 

23. Two circular loops are parallcl, coaxial, and almost in 
contact, 1.00 mm apart Each loop is 10.0 cm in radius. The 
top loop carries a clockwise current of 140 A. The bottom 
loop carries a counterclockwi~c (;urrcnt of 140 A. (a) 
Cakulate thc magnetic force excrted by thc bollom loop on 
the top loop. (b) The upper loop has n ma~s of 0.0210 kg. 
Calcu late its acceleration, assuming that the only forces 
acting on it are the force in part (a) and the gravitational 
force. 

~ 
---> 

t4011 

Fig. 9.65 

24. Two long, parallel conductors carry currents in the same 
direction n~ shown in Fig. 9.66. Conductor A carries a 
current of 150 A and is held firmly in position. Conductor B 
carries a current 1/1 and is allowed to slide frcely up and 
down (paralle! to A) bctween a set of non -conducting 

. guides. If the mass per unit length of conductor B is 0.100 g 
cm-I, what value of current In will result in equilibrium when 
the distance between the two conductors is 2.50 cm? 

I 
. ~ , , 
I 

Fig. 9.66 
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25. An infinitely long straight wire carrying a current II is 
partially surrounded by a loop as shown in Fig. 9.67. The 
loop has a length L, radius R and carries a current /2' The 
axis of the loop coincides with the wire. Calculate the force 
exerted on the loop. 

, 
" /: " , 

'" , , 

L 

;, 

'" " 

D 
" , 

4 ""~' 
Fig. 9.67 

MAGNETIC DIPOLE AND DIPOLE MOMENT 
1. Magnetic dipole is the magnetic e<wiva!cnt of electric dipole. 
2. The magnetic field pattern produced by 11 small current loop 

is similar to a bar magnet. Therefore. it also acts like a 
magnetic dipole. The magnelic moment of a flat current loop 
.is defined as the product of the current I and the area A 
enclosed by it, i.e .• Nt ::: iA. 
The direction of the magnetic moment coincides with the 
direction of the area vector (which is the direction of the 
magnetic field) . 

L 

B B 

Fig. 9.68 

If the loop contains N number of turns, the magnetic moment 
is given by M = NIA 

• Sometimes a current carrying loop docs not lie in a single 
plane. But by assuming two equal and opposite currents in 
one branch (which obviously makes no change in the given 
circuit) two (or more) closed loops arc completed in different 
planes. Now, the net magnetic moment of the given loop is 
the vector sum of individual loops. For example, in Fig. 9.69, six 
sides of a cube of side / carry a current i in the directions 
shown. By assuming two equal and opposite currents in wire 
AD, two loops in two different planes (xy and yz) arc 
completed. 

- . 2A - 2A 
M AlICDA ::: -II k and M A/XJ/'A ::: -if j 

- 2" 
M'ICI = -il (i +k) 

Magnetics 9.19 

, 
B C 

H 
y => 

F G F G 

l<'ig.9.69 

• Sometimes a non-conducting body is related with some 
angular speed. In this case, the ratio of magnetic moment and 
angUlar momentum is constant which is equal to q/2m. where 
q is the ch'arge and 111 is the mass ofthc body. For example, in 
case of a ring of muss III , radius R and charge q distributed on 
its circumference, 

Angular momentum, L = IOJ= (mR2) (OJ) 

Magnetic moment, M ::: iA = (q{) (JCR2) 

Here, 
OJ 

f = frequency = -
2~ 

+ + ~ + 

Fig. 9.70 

M= (q) (!"-) (JlR2) = q!.OR2 
2~ 2 

From equations (i) and Oi). M =.!L 
. L 2m 

(i) 

(ii) 

Although this expression is derived for simple case of a ring. 
it holds good for other bodies also. For example, for a disk or 
a sphere. 

Compute the magnetiC dipole moment of 

the loop shown in Fig. 9.71. 

o j 

(,) 

~~CD +CD 
o 0 f 0 I 

(b) 

Fig. 9.71 
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11.20 Physics for lIT -JEE: Electricity and Magnetism 

Sol. The given loop may bc considered as the superposition of 
the two loops. as shown in the figure. 

trR2
] trR2 ] 

The resultant dipole moment is M = T ----t-
0' M= ~ (RI2- Ri) (inwards) 

Dlustration 9.17 j A circular loop of wire ofradiusR is bent 

about its diameter along two mutually perpendicular planes as 

shown in Fig. 9.72. If the loop carries a currentI, then determine 
its magnetic moment. 

Sol. The given loop may be obtained by the superposition of two 
semicircular loops as shown in the f igure. 

(,) (b) 

Fig. 9.72 

The magnctic momclII of the semicircle in the yz plane is along 
the x-a:ds ,md Ilml in lht' xz plane is along the y-axis. 

The total magnetic moment is M =: M xi + My} 

0' 

I"~~ A conductor curries H constant current] 

along thc closed path abcdefgha involving 8 of the 12 edges of 

len~th I. Find the magnetic dipole moment of the closed path. 

S,,1. The cJ(l~cd path is it superposition of three loops: heIgh, 
(iI)~Jw and cdq·(·. 

y 
g 

g g , I b CD , 
b t c 

CD 
"CD " 

,"'" , 
d 

, 
d 

(.) (b) 

Fig. 9.73 

The magnetic moments of the three loops are: 

Loop I (btfgh): fil =/2, J 
2 (abgha): ji'2 =:: _ [2Ji 

- , -3 (cdefe): J'J = I Ii 

The total magnetic moment is p =: jil + P2 + ji3 or P = [2 I). 

.. A lion-conducting disk of Illass M and 

radius R has a surface charge density and rotates with an 

angular velocity about its axis. Show that magnetic dipole 

moment and angular momentum arc related as j1 :=: (2~ ).i. 
Sol. The charge is distributed on the surface of the disk. 

We consider a differential ring of radius I' and thickness dr. 

The charge on the clement is dq = (TdA = a(2trrdr) 

The magnetic momcnt of the ring dp= (df)A =: (df)m·2 

The cUITent in the differential ring 

'" '" =: (dq)v= (adA) - = (a2trrdr) - = aO)rd r 
2tr 2lf 

The magnetic moment of the differential ring,. 

dp =: (aOJl'dr) trr2 = lraOJrJdr 

p= f d p = foR tr(TOJr 3 dr = ± lfaOJR4 

The magnctic moment vector ii is parallel to iiJ ifit is positive. 

_ 1 ~ _ 
J.l = '4 lfaR W 

In terms of total charge Q =: alfR2, the magnetic moment is 

- (Q'-I ,=:-ROJ 4 . 

Fig. 9.74 

The angular momentum of disk is i=(~MR2)0; and 

P=(2~ )L. 
Th is is 11 general result for any rigid body of any arbitrary 

shape, with mass M and charge Q. . 
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lIIuslrlltiOIl 9.20 A sphere of radius R, uniformly charged 

with the surface charge density 0', rotates around the axis 
passing through its cenler at an angular velocity. Find the 
magnetic ,Induction at the center of the rotating sphere. Also, 
find Its magnetic moment. 

S.ol. Charge on the differential circular strip 'is 

dq = (2trR sin 0) (Rdt9)O' 
~ dq = 2trO'R2 sin OdO; 

df= wdq = waR2 sin OdO 
2" 

, , 
- , 
Fig. 9.75 

a. Magnetic field at the center is 

dB = Podf (R2 sin~ 0) = f.JoWO'R sin3 OdO 
2R3 2 

PoOJO'R rlr 
3 IIr'2 3 B= --2- Jo sin OdO=f.JoOJO'R 0 sin OdO 

~ 2 ' 
~ B= 3PoOXFR(k) 

b. Magnetic moment due to elementary ring, dl1 = (dl)trr 2 

11= f (d!) trr
2 = 2 f;12 (OJO'R2 sin 8) trR2 sin 2 OdO 

= 2trR4OXF rlr/\in3 OdO = ~1laR4m 
Jo 3 

Torque on a Current Carrying Planer Loop in a 
Uniform Magnetic Field 

Fig. 9.76 shows a rectangular-loop of wire with side lengths a and 
b. A line perpendicular to the plane of the loop (i.e., a normal to 
the plane) makes an angle rp with the direction of the magnetic 
field ii, and the loop carries a current l. 

y 

, , , , 

F - i aB 

: b sin ~ , , , 
~~~; : ,~ _ _______ L ___ __ • 

F - /aB 

Fig. 9.76 

Magnetics 9.21 

The force F on the right side of the loop (length a) is to the 

right, in the +x-direction as shown. On this side, jj is 
perpendicular to the current direction and the force on this side 
has magnitude F = laB sin ¢ (i) 

A force - F with the same magnitude but opposite direction 
acts on the opposite side of the loop, as shown in the figure. 

The lines of action of both forces lie along the y-axis. 
The total force on the loop is zero because the forces on 

opposite sides cancel out in pairs. The net force on a current loop 
in a uniform magnetic field is zero. However, the net torque is not 

in general equal to zero. The two forces F and - F lie along 
different lines, and each gives rise to a torque about the y-axis. 
According to the right hand rule for determining the direction of 

torques, the vector torques due to F and-F are both in the +y
direction; hence the net vector torque ? is in the + y-direction as 
wel l. The magnitude of the llet torque is 

1'= F(b) sin ¢= UBa) (b sin ¢) eli) 

The area A of the loop is equal to ab, so we can rewrite 
equation (ii) as 

T= lBA sin ¢ 

(magnitude of torque on a current loop) (iii) 

where ¢ is the angle between the normal to the loop (the direction 
~ ~ 

of the vector area A) and B. 

The product fA is called the magnetic dipole moment or 
magnetic moment of the loop 

M=lA . (iv) 

~ 
We can express this interaction in terms of the torque v·ector 

T , which we used for electric-dipole interactions. The magnitude 
--) / --

of l' is equal to the magnitude of M xB. So, we have 

? =: it x ii (vector torque on a current loop) (v) 

When a magnetic dipole changes orientation in a magnetic 
field, the field does work on -it. In an infinitesimal angular 
displacement drp, the work dW is given by T d¢. and there is a 
corresponding change in potential energy. 

Energy needed to rotate the loop through an angle dBis 
dU=: TdB 

o 0 

f::"U=: 1 TdB= 1 MBsinBdB 
o , 
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9.22 PhysIcs for IIT-JEE: Electricity and Magnetism 

=> AU- MB(cos ()\ - cos~) 

Ifwe choose 81 such that at 81- 80. UI = 0 

U- -M·jj 
This is the energy stored in the loop. 

z (normal) 

Iii 

,.) 

1 

(b) 

Fig. 9.77 

-F 

Various forces on the sides of a current carrying loop in a 
uniform magnetic field are: 
a. The resultant force is zero; the net torque has magnitude 

1'= lAB sin ~. 
h. The torque is maximum when the normal 10 the loop is 

perpendicular to B . 

c, When the normal to the loop is parallel to B, the torque is 
zero and the equilibrium is stable, If the normal is antiparallel 
to B, the torque is also zero but the equilibrium is unstable, 

Illustration 9.21 A n electron in the grou nd st ate of 

hydrogen atom is revolving in a ntl~clockwise direction in a 

circular orbit of radius R. 
i. Obtain an expression for the orbital magnetic 

dipole moment of the electron. 
ii. The alom is placed in a unlrorm magnetic 

induclion jj such that the plane-normal to 
the electron-orbit makes an angle of30" with 
the magnelic induction. Find the torque 
experienced by the orbiting electron. 

(lIT .JEE, [996) 

Sol. 
a. In ground Slale (n = I ) according to Bohr's 

theory: 

h 
mvR= -

2n 
h 

or v=--
2mnR 

'~ 
, 

Fig. 9.18 

2JrR 4,rmR2 
= N ' '00 T 2lfR ow, Ilme pen , "" -- = 

v 11 12mnR h 
Magnetic moment, M = iA 

where 
charge 

i= = 
time period 

and 

e ell 
= 

4,rmR2 4,rmR1 

h 

ell 
or M=--

41l'1II 

Direction of magnetic moment ftJ is perpcndicular to tht 
plane of orbil. 

h 'f =M x B => If I = MBsin () 

where Bis the angle between id <lnd li 
Given, 8 = JOP 

<= (~)(B)Sin300 => 
4mn 

ella <- --
glflll 

The direction of T is perpcndicular to both A1 and B. 

JIlustrafion 9.22',' A uniform, constant magn etic fi eld is jj 

directed at an angle of 450 to thex-axis in thcx-:J' plane. PQRS i! 

a rigid, square wire frame canying a steady currenl/()1 with it! 
center at the origin O. At time I = O,lhe (rullle is :ltfcst ill th ~ 

position shown in Fig. 9.79, with its sides pnrlllleilO thc,\'-llnd)~ 
axes. Each side of the frame is ofmnss M and length L. 

a. What is thc torque f about 0 acting 011 the fl'!lme due to the 
magnetic field? 

h Find the angle by which the fr amc rotates under the action oj 
Ihis torque in a sharI intel'val of lime At, and the axis about 
which this rotation occurs, (l!.t is so short that any variation on 
the torque during this interval may be neglected). Given, moment 
of inertia of the frame about an axis through its center 
perpendicular to its plalle is (4/3) ML 2. (IIT-JEE, 1998) 

y 

s/ 
I, 

R 

I' / I' 
a 

I' / I' 
p /Q 

Fig. 9.79 

Sol. 

a. As magnetic fi eld is inx-yplanc and subtcnds ml angle of 45° 
withx-axis, 

and By= Bsin4soe B I .fi 

so, in veetor foml jj = i(B 1 ../2)+ J(n 1../2 ) 

and M= loSk=/oek 
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T= MXB:::/oL2kx(Jzl+ JzJ) 
_ loL2 B ~ ~ 
'r= ..fi X(- i+J') 

Y 
f, 

S 
0 

0 

I~· 00 

, 00 

0 0
0 

f, 
00 

0 
0 

P 

Fig. 9.80 

R 

0 

Q 

i.e., torque has magnitude/ol}B and is directed along the line 
QS from Q to S. 

b. By the theorem of perpendicular axis, moment of inertia of the 
frame about QS, 

IQs = ~/, =~(~ML2 )=jML2 

'r loL2BX3 3/0B 
a= -= =- -

I 2L2M 2 M 
as'r=la ~ 

As here ais constant, equations of circular motion are valid. 

Hence, from B= I1V+ ~ aP, with %=0, we have 

B= ~a,2 = ~(~JoB)(11t)2 = ~./oB 11(2 
222M 4M 

D1ustration 9.23 A rectangular loop PQRS made from a 

uniform wire has length a, width band Dlass m. It is free 
to rotate about the arm PQ, which remains hinged along a 
horizontal line taken as they-axis. Take the vertically up-ward 
direction as the z-axis. A uniform magnetic field 
Ii = (3[ + 4k) Bo exists in the region. The loop is held in the 
x-y plane and a currentI is passed through it. The loop is now 
released and is found to stay in the horizontal. position in 
equilibrium. 

a. What is the direction of the currentl in PQ? 
, b. Find the magnetic force on the arm RS. 
c. Find the expression for I in terms of Bo, a, band m. 

(llT-JEE,2002) 
Sol. 

a. Torque due to weight of coil, 

-;= (~r)X(-C.mgk) =/JIg ~ (}) 

For the equilibrium of loop, torque on it must be along 

negative y-axis. Let the magnetic moment of loop be pk. As 
the loop lies in x-y plane, its magnetic moment vector (from 
right hand thumb rule) either points up or down. 

Magnetics 9.23 

, 

r-ci-P'T-;Q;,-+' 

S R 
mg 

Fig.9.S! 

Torque due to magnetic force, 

Tn= ji x 'B=l'ix(31+4i)Bq = 3pBo] 

If it is to be in negative direction, ji must point downward. 
So, the current in the coil must be from P 10 Q. 

b. Force acting on ann RS= I (l x B) = 1[( -b) x (31 + 4i) BoJ 

=18",,(3'-41) 

c, In equilibrium Tgmvily + Tn '" 0 

mga 
Hence, 3(abf)Bo = - 2-

Concept !\pplic~tion Exercise 9.3 

1. A circular coil with areaA and N turns is frcc to rotate about 
a diameter that coincides with the x-axis. Current 1 is 
circulating in the coil. There is a uniform magnetic field jj 
in the positive y-direction. Calculate the magnitude and 
direction of the torque T and the value of the potential 
energy U, when the coil is oriented as shown in parts (a) 
through (d) of Fig. 9.82. 

(0) (d) 

Fig. 9.82 

2. A square loop GABCO of side I carries a currcnt i. It is 
placed as shown in Fig. 9.83. Find the magnetic moment of 
the loop. 
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9.24 Physics for IIT.JEE: Electricity and Magnetism 

, 

x 

Fig. 9.83 

3. Find the magnetic moment of the current carrying loop 
OABCOshown in Fig. 9.84. Given thati =4.0A, OA =20cm and 
AB=lOcm. 

z 

A 
o y 

x 
Fig. 9.84 

·4. Compute the magnetic dipole moment of the loop shown in 
Fig. 9.85. 

I 

o 
Fig. 9.85 

S. Fig. 9.86 shows a benfcoil with all edges of length 1 m and 
carrying a current of lA. 

y 

x 
Fig. 9.86 

a. Find the magnetic moment of the loop. 
i). Find the torque acting on the loop. 

6. An electron is in a circular orbit about the nucleus of an 
atom. Find the ratio between the orbital magnetic dipole 
moment {i and the angular moment L of the electron 
about the center of its_orbit. 

7. A rod has a total charge Q uniformly distributed along its 
length L. If the rod rotates with angular velocity (t) about its 
end. compute its magnetic moment. 

~I ~~,=,=. =,=,=L='=='=.='=='~~I ) , 
r Total charge - Q 

Pivot 

Fig. 9.87 

8. The rectangular coil having 100 turns is turned in a uniform 

magnetic field of (0.051.fi)] tesla as shown in Fig. 9.88. 
Find the torque acting on the loop. 

Z 

O.OSm 
I-O.SA 

;:-f.-----,L---+y 
-0.04 m 

x 

Fig. 9.88 

9. The square loop in Fig. 9.89 has sides of length 20 cm. It 
has 5 turns and carries a current of 2 A. The normal to the 

loop is at 37" to a uniform field E = 0.5 J T. 
, 

Side view 

Fig. 9.89 

a. Find the magnetic moment of the loop. 
h Find the torque on the loop. 
c. Find the work needed to rotate the loop from its position 

of minimum energy to the given orientation. 
10. A circu lar wire loop of radius R, mass m and current/lies 

on a rough surface (as shown in Fig. 9.90). There is a 
horizontal magnetic field E. How large can the current /be 
before one edge of the loop will lift off the surface? '"' 

• 

Fig. 9.90 

11. A square 12-turn coil with sides of length 40 em carries a 
current of3 A. It lies in thex-yplaneas shown (Fig. 9.91) in 
a uniform magnetic field. 
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y 

1~..-jEE:-tt--7 - 0,3 r?+ 0.4 rt 

, 

Fig. ~.~1 
a. Find the magnetic moment oftbe coil. 
h Find the torque exerted on the Foil. 
Co Find the potential energy of thl~ coil. 

12. Fig. 9.92'shows one quarter of a sim1ple circular loop of wire 
that carries II current of 14 A. Its radius is a = 5 em. A 
uniform magnetic field, B = 300 G, is directed in the +x
direction. Find the torque on the entire loop and the 
direction in which it will rotate. 

y 

O 
.. >.p 

.' . ... 0: ' __ , 
600",\ J 

, " , 
Fig, ~,~2 

13. The circular current loop of radius b shown in Fig. 9.93 is 
mounted rigidly on the axle, midway between the two 
supporting cords. In the absence of an external magnetic 
field. the tensions in the cords a.re equal and are To. 

• 

2::" ==11( ,-1-. 
r r • r r 

Fig. ~.~3 

So What will be 'the tensions in the two cords when the 
vertical magnetic field B is' present? 

h Repeat if the field is parallel to the axis. 
14. A rigid circular loop of radius r and mass m lies in ,the xy 

plane on a flat table and has a current 1 flowing in' it. At 
this particular place, the earth's magnetic fi~ld is 
B = BJ + By} . How largemust/be before one edge of the 
loop will lift from the table? 

15. A circular loop of wire of radius r lies in the xy plane and 
carries a current I. Impinging on it is a magnetic field given 
by B = BJ + By} + Bi. Find the ve'~tortorque which acts 

, on the coil due to the magnetic field. ' , 

Magnetics 9.25 

16. A rectangular coil consists of N = 100 closely wrapped 
turns and has dimensions a = 0.400 m and b = 0.300 m, The' 
coil is hinged along they-axis and its plane makes an angle 
(} = 30.0° with the x-axis. What is thc magnitude of the 
torque exerted on the coil by a uniform magnetic field B = 
0.800 T directed along the x-axis when the current is 
1 = 1.20 A in the direction shown (Fig. 9.94). What is the 
expected direction of rotation of the coil? 

y 

Fig, ~,~4 

17. A wire is formed into a circle having a diameter of 1O.0cm 
and placed in a uniform magnetic field of3.00 mT. The wire 
carries a current of 5.00 A. 
Find 

a. the maximum torque on the wire. and 
b. the range of potential energies of the wire-field system 

for different orientations of the circle. 

MAGNETIC FIELD DUE TO A MOVING 
CHARGE AND CURRENT CARRYING WIRE 

Magnetic Field of a Moving Charge 

We call the location of the moving charge at a given instant the 
source point and the point P where we want to find the field the 
field point. 

Experiments show that the magnitude of jj is also proportional 

to I q I and to 11? But the direction of iJ is not along the line from 

source point to field point. Instead, jj is perpendicular to the 
plane containing this line and the particle's velocity vector v as 
shown in Fig. 9.95. Furthermore, the field magnitude B is also 
proportional to the particle's speed I' and to the sine of the angle 
t/J. Thus the magnetic field magnitude at point P is given by 

B= Po Iqll'sin¢ 
4a r2 

(i) 

where J.4j4a is a proportionality constant. 
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9.26 Physics fo r JIT·JEE: Electricity and Magnetism 

For these field point s. r and V'both lie in the 
~ 

shaded plane. and B is perpendicular to this 
plane 

(, ) 

(b) 

a. Magnetic field vectors due to a moving positive point charge q. At 
each point, jj is perpendicular to the plane of rand ii and its 
magnitude is proportional to the sine of the angle between them. 

b. Magnetic fiel d lines in II plane containing a moving positive charge. 
(x) indicales Ihal the charge is moving into the plane of the page. 

Fig. 9.95 

We can incorporate both the magnitude and direction of B into 
a single vector equation using vector product. 

(ii) 

(magnetic field of a point charge with constant velocity) 

A point charge in motion also produces an electric field, with 
field lines that radiate outward from a positive charge. The 
magnetic field lines are completely different. The above 
discussion shows that for a point charge moving with velocity 
~ -. 
v, the magnetic field lines are circles centered on the line of v 

and lying in planes perpendicular to this line. 
As we discussed, the unit of B is one tesla (I T): 

1 T= I Ns(Cm- t)= I N(Am-1) 

Using this with equation (i) or (ii), we find that the units of the 
constant 14; arc: 

I Ns2 C-2 = INA - 2 = 1 Wb (Am-I) '" 1 T mA- I 

In S.l. units, the numerical value of Po is exactly 4nx 10-7 . 

Thus, 

14; = 4nx 10-1 Ns2 C-2 = 4Jtx 10-1 Wb (Am-I ) 

= 4nx 1O-7TmKI (iii) 

• For points lying very far from the particle, the magnetic field 
is zero. 

• The magnetic field due to a stationary particle is zero. As the 
velocity increases, the magnetic field increases. 

• For points lying on a line parallel to y and passing through 
the charge, 8 is zero and hence the magnetic field is zero. 
Hence, there is no magnetic field directly ahead or behind a 
moving charge along its line of motion. 

• For points lying on a plane perpendicular to Y, the magnetic 
field is the greatest since 8is 900

• 

• Magnetic field lines ure concentric circles centered on the 
line of the velocity y and lying in planes perpendicular to 
this line. 

• The direction of the magnetic field lines is given by the right 
hand rule. Grasp the velocity vector y with the right hand so 
that your right thumb points in the direction of y. Your 
fingers then curl urou,nd the line of y and they point in the 
direction of the magnetic field at that point. 

lIIustl'ution9.24 A P oint charge of magnitude q "" 4.5 nC Is , 
movIng with speed v "" 3.JJ X 10' ms-1 parallel to the x-axis along 

the Ilney"'3 m. Find the n'llsgnetlc field at the origin produced by 
this charge when the charge Is at the point 
X"" -4 m,y "" 3 m, as showln In Fig. 9.96. 

y 

it·. 3.6 x !07mf~ I 

Fill. 9.96 

Sol. The magnetic fie ld is given by 

~ . . , "q vxr ~ A 

)9 = .d!. __ , with v = vi 
4n 1'2 

~ ~ ~ ,-;;--::; 
I' = (4i -3j)m .=> 1'='-142 +32 m=Sm 

~ 4~ 3 1 

Unit vector in the direcli-onof .,:: =!.... =....!....::.... = 0.87 - 0.6) , , 
-'" ~, ' l/Xr = (vi)x(O.8i-0.6j)=-0.6vk 

~ . B = Po q vx£ = Po q(-O.6vk) 
4Jt 1'2 4n 1'2 

~ -(W' ,(4.,x10-9)(0.6)(3.6x10' ) k 
~ (,') 

= -3.89 >< '10-11) T k 
. I . 

Magnetic Field of . ,(urrent Element 

We begin! by calculating; the magnetic field caused by ,a short 

segment d£ of a current carrying conductor, as shown in 

Fig. 9.97(a). The volumel of the segment is A de, where A is the 
cross-sectional area ·of the conductor. If there are n moving 
charged particles per: unit volume, each of charge q, the total 
moving cbarge dQ iI'! segment is 

dQ=wjAdl 
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Thc moving chargcs in this scgment are cquivalent to a single 
charge dQ, travelling with a velocity equal to the drift velocity vII' 
(Magnctic fields duc to the random motions of the charges will, 
on average, cancel out ut every point.) From cquation 0), the 
magnitudc orthe resulting field ciii at any field point is 

dB = Po I dQ Iv" sin ¢ = Po III q I vdAdesin¢ 
4Jr}'2 41r }'2 

But III q I vdA cquals the current I in the clement. So, 

dli ~ 0 

dB= Po ld fs in¢ (iv) 
41r 1'2 

.--

(a) 

; 
~'\~~~ dll mO 

Axisofd 

" dlJ 

Fig. 9.97 

(b) 

In vcctor form, using the unit vector P as in 'Mllgnctie Field of 
a Moving Chnrge', we hnve 

d11 = Po I dfxP 
41r /,2 

(mngnetic field ofa current elemcnt) (v) 
Equations (iv) and (v) are called the law ofBiot and SaYar!. We 

cun usc this law to find the total magnetic field iJ at any point in 
space due to the current in a complete circuit. To do this, we 
integrate equation (v) ovcr all segments de thllt carry current 
symbolically. 

(vi) 

As Fig. 9.97(a) shows, the field vectors iiJ and the magnetic 
fi eld lines ora current clement are exactly like those set up by a 
posit ivc charge dQ moving in the direction of the drift velocity 
V,{ . The field lines are circles in planes perpendieulllr to it and 
centered on the line of dC. Theirdireetions are given by the same 
right hand rule that we introduced for point charges. 

1 hnpol'tant Points of Frame Dependenee of 8: ,', i',.f "' 

a. The motion of anything is a relative-tenn. A charg/ may 
appear at rest by an observer (say OJ) and-m'oving ai 'some 
velocity VI with respect to observcr 02'and at velocity v2 

. - . I ",. ' 
with respect to observer 03' Then, B due to that'charge 

w.r.t. 0 1 wil l be zero and \V.r.t. 02 and 0 3 it will be HJ and H2 
(that means different). 

Magn-etics 9.21 

Magnetic Field Du~ to Current in a Straight Line 
The magnctic field due to a wire segment carrying current I at 
P, when the wire segment subtends angles a and f3 as shown 
(Fig. 9.99), can be dctennined as follows: , 

B 
I 

~ dl • 
R ~ 

t 

" L 
I R '. , 
t 

A 

(,) 

I 

• 
• , 
• 
• 
• ~ • 
• " ~M~ __ ~~~ 

:-, 
(b) 

Fig. 9.99 
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~.28 Physics for IIT.JEE: Electricity and Magnetism 

dB P d di ' dB Po Id l sin () at, ueto IS: = - , 
4n , 

Now, f. = R cot (It - B), de = R cosec2 {} ·df} 
r= R cosec 0 

dB = Po l (sin 8)(Rcosce2 
() dO) 

4;r R2 coscc2 () 

B= Pot f lll(l-O:SinOdO = Pot {coso. +eos()2 ] 
41rR ~ 4lrR 

B= /.101 [cos~ +cosB2 ]", /lol (sina+sinpj, 
4/rR 4/rR 

In the vector fonn, ii ::::l pI [sin ex +sin tI]( -k) [Fig. 9.99(n)] 
4nR 

• If the point under consideration where the magnetic field is to 
be calculated is not in front of the wire as shown in figure(b) the 

m~gnetic fie ld is given by jj = pI [sinjJ- sina](-k) (Fig. 
. 4ltR 

9.99(1))1 

Thus, it is clear that In tI" case ofa current carrying straight 
wire: . 

• For points along the length of tile wire (but not on It), tile 
field is always zero. 

• Thefield Is always perpe"dlcular to tile plane containing 
the wire and the point. So, in a plane perpendicular to the 
wire and containing the polllt, the lines of fo rce are 
concentric circles encircling the wire as shown ill Fig. 9.97. 

, 
B 0' 

r 
, 

r 
, , , , 

*' I. d P I. 

1 
~ , 

1 
, 

,/ - , 
, " , , , . , 

A A d 
p 

i.) (b) 

Fig. 9.100 

• If the wire is of infinite length and the point P is not neal' 
its ends as shown in Fig. 9.100(0), a = p= (/r/2); then 

B = Po .£[1+1] l.e,B ", P o 2I 
4n ·d 4n d 

• If the point ,'s near one end of an infinitely long wire as 
shown in Fig. 9. 100(b), a= (nl2) and p= O. 

So, 1',1 01 I 1', I B = -- [1 + .c" B= - -
4trd 4tr d 

Right Hand Thumb Ru le 

Using this rule. the direction of magnetic fi eld because of a 
current carrying wire may be obtained in the following ways: 

Fig. 9.101 

According to this rule, if we grasp the conductor in the palm 0 

our right hand so that the thumb points in the dire<:tion of the flo~ 
of current, then the direction in which the lingers curl gives th, 
direction of magnetic Jines of force. 

• Direction of magnetic neld for straight current carrylnl 
wi", 
When the current J is coming outwards 0 (out of the page) 
thc magnetic field B is a circle in the anticlockwise sense . 
When the current I i's pointing inwards ® (into the page), thl 

. magnetic fi eld B is a circle in the clockwise sense. 

(,) 

(b) 

(,) 

Fig. 9.102 

• Direction of magnetic field In dose current carrying loop 
. When the current I is flowing in the anticlockwise sense, the 

magnetic field B is OlllwardS 0 (outof lhe page) 
When the current J is flowing in the clockwise sense, the 
magnetic field B is inw~rds ® (into the page). 

Illustration 9.25 A current! flows in a circuit shaped like 

an Isosceles trapezium. The ratio (lethe bases Is 2. The length of 
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the smaller base is I. Calculate the magnetic induction at a point 
P located in the plane of the trapezium, but at a distancea from 
the midpoint oftbe smaller base. 

I 

" 
f ---------------- ---:.~_:_:. ---- I , p 

1 ~ 1>1 

Fig. 9.103 

Sol. Magnetic fie ld at P due to wire I is 

Pol. . 11I~,C/~'~in~a~ Bl = -- lSlll a-sm(- a) ] == -
4Jrd 2Jrd 

where ais the half-angle subtended by the wire I at point P andd 
is the pcrpendicuJardistance between the wire and point P. From 
similar trianglesAPFand CPE, we find that 

21 

d= 20 and 

A 

2 

I 

tana= -
20 

c 
----------- ----- _:1zt_:_:.---- I 
F 3t:~~~~~p 

B 
14 

4 

d 
1>1 

Fig. 9.104 

The direction of the magnetic field is into the plane of the 
paper. 

Magnetic field at P due to wires 2 and 4 is zero. 
Magnetic field at P due to wire 3 is 

Pol. . pol sin a 
B)= -[Sllla-slll(-a)]= 

4JCa 2JCa 

And the field is directed out of the plane of the paper. 
The resultant magnetic field at P is the vector sum of the four 

fields and is given by 

B = pol sin a pol sin a pol sin a 

2Jra 4Jra 4Jra 

01 
B= :;:[ ~12 ~4a2l 

Out of the plane of the paper. 

Find the magnitude and direction of 

magnetic field at point P due to the current carrying wire as 
shown in Fig. 9.105. 

Sol. 

Here 

'I (/ .. 

Fig. 9.105 

B= pol [sin 81 + sin 02] 
4ffR 

Magnetics 9.29 

q] = _30°, qz = 60°, Putting these values, we get 

B= flo' [-1/2+J3/2] 
4ffR 

A pair of stationary and infinitely long 

bent wires is placed in thex-y plane as shown in Fig. 9.106. Eacb 

wire carries current of 10 amp. The segments L andM are along 
the x-axis. tbe segments P and Q are parallel to the 
y-axis such that OS = OR = 0.02 m. Find the magnitude and 
direction of the magnetic induction at the origin O. 

(llT-JEE,I998) 

'L 
~R ; 

Q 

Fig. 9.106 

Sol. As point 0 is along the length of segments Land M, so the 
field at 0 due to these segments will be zero. Also, point 0 is near 
one end of a long wire. 

The resultant field at 0, BR = Bp + BQ 

~ B = Po _1_+ Po _1_ 
R 41l" RO 4Jr SO 

Bot RO = SO = 0.02 m 

Hence, BR = 2x Po x~ = 2x 10-1 ~ "" '10-4 Wbm- z 
4n 0.02 0.02 

A long straight wire, carrying current I, 

is bent at its midpoint to form an angle of 45°. Find the induction 

of magnetic field at point P, distant R from the point of bending 
(as shown in fc'ig. 9.107) 

p I 

"~ 
I~ 

R 

Fig. 9.107 
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9.30 Physics fo r IIT.JEE: Electricity and Magnetism 

Sol. Since point P lies on axis of straight part abo therefore, 
raagnetic induction due to this part is equal to zero. 

Fig. 9.108 
For part be, 
From Fig. 9.108,r== Rcos45°. 
Since both the ends band e are on the same side of normal PN, 

therefore a is negative and b is positive. 

Hence a= -45° and b=+90°. 

"I. (.,(2 - 1)/101 
Using B = -'-(sina+smj'J),wehaveB='-"'-c""'= 

41l'r 41l'R 

Illustration 9.29 1\vo straight infinitely long and thin 

parallel wires are spaced 0.1 m apart and carry a current of 10 A 

each. Find the magnetic field at a point distance 0.1 m from both 
wires in the two cases when the currents are in the (a) same and 
(b) opposit; directions. 

Sol, The point P is situated equidistant from the wires A and B. 
Hence, for the given case the magnitude of the magnetic field at P 
due to both the wires will be same. 

B == Bo=B= flo
I 

=2x 1O-7 x ..!..Q. ==2x 1O-5T 
,j 2trd 0.1 

a. If the wires carry current in the same direction, B,j and B B will 
have the directions as shown in Fig. 9.109(a). 

,. 
B, 

A d 

y 

(.) 

(b) 

Fig. 9.109 

The net magnetic field BR = 2B cos 30° (-i) = 2-J3 x 10-5 T 
along nega!ivex-axis. 

h If the wires carry current in opposite directions, the magnetic 
field atP dueto wires A andBwill be as shown in Fig. 9.109(b). 

The net magnetic fie ldBR = 2Bcos60° (}) . 

Illustration 9.30 In Fig. 9.110, two long wires WI and W2• 

each carrying current I, are placed parallel to each other and 
parallel to z-axis. The direction of current in WI is outward and 
in W1itis inward. Find B at 'P' and 'Q'. 

y 

p 

• Q(a. a) 

J J 

w, w, 

Fig. 9.110 

Sol. Magnetic field atP: 

Let B due to WI be Hi and due to Wz be Bz . By symmetry, 

IB,HB,I " B(Fig9. ) 11(,)) 

B '" 2Bcos60o=B= J.4.JI = flo
I 

p 2tr2a 4tra 

- flo1 ~ 
B "-j 

p 4tra 

y 

w, 
, , w, 

(.) 

B, 

, 
e' , 

B, 

.J5O , 
, 

W, 
2, 

W, 
(b) 

Fig. 9.111 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



For magnetic field at Q (Fig. 9.1 11 (b): 

Magnetic fie ld due to WI' B J = .uo~ 
2/lv5a 

Magnetic field due to W2• 8 2 = 2110
1 

"a 
-fja -fj 

tan8= -=-
2a 2 

mQstra1ion 9.31 A square loop of wire, edge length a, 

carries a currenti. Compute the magnitude of the magnetic field 

produced ata point on the axisofthe loop ata distance x from the 
center. 
Sol. A point on the axis of the loop is on the perpendicular 
bisector of each of the loop sides. Fig. 9.112 shows field of a 
single wire. 

, , ' ------. 
"n 

Fig.9.H2 

B = _"F:;=",!;1I,!,0'7·a~~=c;" 
mJ4x2 + a2 .J4x2 + Za1 

When the fields of all the four sides are ~onsidered, the 
Iivrizontai components add to zero. So, the total field is given by 

For x = 0, the expression reduces \0 B R 

~Iagnetic Field at the Center of a 
Current Carrying Arc 

4poia2 ZF2poi 
=---

tra2 ,fj;; 

Fig. 9. [ 13 shows a circular loop of radius r carrying a current I. 
Application of Biot and Savart law to a current element of length 
d/ at angular position awith angular element dais as followed. 

Magnetics 9,31 

-----
Fig, 9.113 

(oj (b) (oj 

(n) A wire in the shape ofa cir+cular arc with center C carries cnrrent 
I . (b) For any element of wire along the arc. the angle between the 

directions of dS'and ris 90°. 
(c) Detennining the direction of the magnetic field at the center C due 
to the wire; the field is out of the page, in the direction of the 
fingeltips, as indicated by the dot at C. 

Fig. 9,114 

_ lIol(dix,) 
The magnetic field due to the element dl, dB = 3 

4", 
Here,=> 

/ 

1101 ,'d:::'.c'.c'·::j",,",,90,--' dB=-
4Jl' r3 

(as d/= ra) 

where 8is the angle in the radian. 
Therefore, B at the. center of a circular loop of radius R is 

B = J1~I (2Jl') = #01 

4Jl'r 2R 

Magnetic FieLd of a CircuLar Current loop 

I 
,~ 

I 

y 

Fig. 9.115 
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9.32 Physics for JJT-JEE: Electricity and Magnetism 

In Fig. 9.115 the current in the segment d t causes the field 
dB, which lies in the xy plane. The currents in other dt's 
cause dB's with direction components perpen*dicular to the 
x-axis; these components add to zero. The x-components of 
the dB's combine to give the total field B at point P. 

We can use the law ofBiot and Savart to find the magnetic field 
at a point P on the axis of the loop, at a distance x from the center. 
As Fig. 9.115 shows, if anM are perpendicular and the direction 

or field dB caused by this particular clement de lies in the xy 
plane. Sincc ? == x2 + a2

, the magnitude dB of the field due to 
element de is 

dB= flol de 
4K (x2 +a2 ) 

The components of the vector dB arc 

dB == dB cos ()= flol de a 
x 4K(x2+aZ)(xZ+a2)1/2 

(ii) 

dB -dB · 8-flol de x - S111 - - -
Y 4K(x2+a2)(x2+a2)112 

(iii) 

The situation has rotational symmetry about the x-axis, so 

there cannot be a component of the total field B perpendicular to 

this axis. For every element de, there is a corresponding element 
on the opposite side of the loop, with opposite direction. These 
two elements give equal contributions to the x-component of 

dB, given by equation (ii), but opposite components 
perpendicular to the x-axis. Thus, all the perpendicular 
components cancel out and only the x-components survive. 

To obtain the x-component of the total field B, we integrate 

equation (ii), including all the de's around the loop. Everything 
in this expression except de is constant and can be taken outside 
the integral. So, we have 

The integra l of de is just the circumference of the circle, i.e., 

S d e = 2Jru. So, we finally get 

, 
B = flo /a (on the axis of a circular loop) 

,. 2(x2 +a2)3/2 

(iv) 

Now suppose that instead of the single loop in Fig. 9.115, we 
have a coil consisting of N loops, all with the same radius. The 
loops are closely spaced so that the plane of each loop is 
essentially the same distance x from the field point P. Each loop 
contributes equally to the field, and the total field is N times the 
field ofa single loop: 

- 3u - 2u -u 0 u 2a 3u 
Graph or lhe magneli c field along the axis of a 
ci rcular coil with N turns. When x is much larger than 
a. the field magl~i ludc dec reases approximately as l/xl . 

Fig. 9.116 

poN/a2 

B " - .!:!'''""''-'''"2 (on the axis ofNcircular loops) 
x 2(x +a ) 

(v) 

If x» a then B == flola2 
:= flo 11lQ2 = flo 1.2ltQ2 

, 2x) 21l x3 41l x3 

But ;ra2 = A := Area of cross section of the coil. 

flo 21A flo 2M flo 2M 
Thus, B= - -" - - or B=--

41l x3 4KX3 ' 41l x3 

where !VI = IA := magnetic dipole moment of the loop. The 

direction of M is same as the direction of the nonnal to the area of 

the loop . 

Note: 

A loop as a magnet: The pattern oj-the magnetic field is 
comparable with the magnetic field produced by a bar 
magnet. 

c 
, , 

, I , 

,,), 
.. 

• • ~ • Is Nf--+----, ...,..;..., . ......,..,." .... - -
Fig. 9.1171 . -

The side 'I' (tile sidefrom wllich B energes out) of the loop 
.,. , <, < < .. , I' l' ," " _ 

, acts as 'NORT,! p,OLE: and sld~ II (th,e .si1lf,i~ w/fic{, B 
enters) acts as the 'SOUTH POLE'. It can be verified by 
studying force on' olle loop 'due to a l~lUg!,et 0[, a loop. 

~I ,.. __ 

-~'>;;- : ~ 1~.'===,0v I (
' ~l 

IJ : B I..:! , , , . 
," .s ,'N 

Fig. 9.118 · 

The loop and 
the mab'llct aurae1 
each other. 
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Magnetic Field on the Axis of a Solenoid Having N 
Turns Per Unit length and Carrying a Current I 

The field at a point on the axis of a solenoid can be obtained by 
superposition of fields due to a large number of identical coils all 
having their center on the axis of solenoid. 

Fig. 9.119 

Let us consider a coil of radius R and width dx at a distance x 
from the point P on the axis of solenoid as shown in Fig. 9.120. 

0000 

, ___ ___________ L ____ _ 

, , I<-- --+p 
, 
, 

® ®®®®®®®®® 
Fig. 9.120 

The magryetic field due this ('oil 

_--"I~",N:..:I.c;R~' '" dB= 
2(R2 + X2)312 

Here, N= ndx, x = R tan ¢and dx = R sec2 ¢d¢. 

Hence; 

i.e., 

JlondxxlR2 

dB= 
2(R2 + R2 tan2 ¢)312 

p 
B= fdB=~nlfcos¢d¢ 

a 

B = Jlon! [sina+sinp] 
2 

For a point inside a long solenoid, a = p "" 90°; therefore, 
B =filill. At one end ofa long solenoid, a= 0°, b "" 90°; therefore, 
B=f.lrlI1l2. 

Magnetic field B at Po{nt P, at a Distance R From 
the Center of a Flat Strip of Width '0' Along its 
Perpendicular Bisector 

Let us subdivide the strip into long, infinitesimal filaments of 
width dx, each of which may be treated as a wire carrying a current 
element di given by i(dx/a). For the current element in the left half 
oflhe strip in Fig. 9. I 21, the magnitude dB of the field at P is given 

JIo di Jlo i(dx/a) 
by dB = 2;r d = 21t Rsec8' in which d = Rlcos 8= R scc 8. 

Note that the vector dB is at right angles 10 the line marked d. 

Magnetics 9.33 

Only the horizontal component of dB - namely, dB cos (J 

is effective; the vertical component is cancelled by the 
contribution of a symmetrically located current element on the 
other side of the strip (the second shaded element in figure). 
Thus, B at point P is given by the (scalar) integral 

dB _dp sin 0 

9 lSI dB cos 0 P 

d 
R 

Fig. 9.121 

f f JIoi(dx/u) 8 
B = dB cos (J = ';;":-;;--:-::-:'; cos 

2;rR scc8 

Jloi f dx 
= 2tcaR sec2 B 

A fl at strip of width a carries a current i. The variable x and (J 

are not independent, being related by 

x=RtanB 
or dx = R sec2 (J d e. 
The limits on B are±a. where a = tan- l(a!2R). Substituting for 

dx in the expression for n, we find 

B= Jloi f Rsec
2 

OdB = Jloi f+adB 
21raR sec2 (J 21((I-a 

Poi Poi -1 (/ 
=-a=-tan -

tca tcll 2R 

B= Poi a= Ilo i tan - 1 ..!!...-
tca tcu 2R 

dB dB sin (I 

, 
d8cos 0 

, R 

• • 
Fig. 9.122 

This is the general result for the magnetic fie ld due to the 
strip. At points far from the strip, a is a small angle, for which 
a"" tan a=a!2R. Thus, we have, as an approximate result. 
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9.34 Physics for IIT·JEE: Electricity and Magnetism 

B~~~(2aR)= ~~ ~ 
This result is expected because III dj;.laP.l points the strip 

cannot be distinguished from a thin wire. 

. IIlu's'itat;ion 9.3 ~, Shown in the Fig. 9.123 is a conductor 

carrying a current I. Find the magnetic field intensity at the 

pointO. 
Sol. The magnetic field at the center of an arc is equal to 

B= /lol B 
4H' 

Magnetic field due to arc I, Bl = 110
1B 

(-k) 
4ax3r 

Magnetic field due to arc 2, B2 

Fig. 9.123 

Magnetic field due to arc 3, B3 = /lolB (-k) 
4H' 

Net magnetic field, B= Bl + B2 + B3 

Hence, net B= - --+--- B(k) = ---k Pol [1 1 1] ~ 5J.101B~ 
4a r 2r 3r 24m' 

',IDustration 9.33 A battery is connected between two points 

A and B on the circumference of a uniform conducting ring of 

radius rand resistanceR as shown in Fig. 9.124. One ofthe arcs 
AB of the ring subtends angle B at the center. Show that the 
magnetic field at the center ofthe coil is zero and independent of q. 

Sol. Magnetic field at the center of an arc is given by 

B= /lol x~· 
2R 2a 

-I /lol B ~ 
Magnetic field due to a smaller arc, Bl = ._' x-(-k) 

2r 2a 

..... /l0/2 (2a-B) ~ 
Magnetic field due to larger arc, B2 = -- X (+k) 

2r 27r 

. [PI B pI (2a-B)] , Resultant magnetic fIeld = __ 0_'_ + 0 2 (k) 
4ar 4J{1" 

(i) 

Two.arcs form a parallel combination of resistors. 

II R, 
Here II Rl and/2R2 => - = ._'"-

12 Rz 
(ii) 

Here R I amd Rz are the resistances of smaller and bigger arc, 

respectively . 

R £ (211:_O\r 211: - 0 
But ~ = -1 = V) 

RI el 

0 _ _ 

Br Br 

From (ii) and (iii), we getll B=lz (2a- B) 

Hence from {i) i:rdJ·(iv)_ . 

Net magnetic field at the cen~~e of ring will be zero. 

A 

, , " 
: (J /' 

r :-~/ 

y 

J--, 
, 

B 

Fig. 9.124 

(iii) 

(iv) 

Illustration 9.34 . A solenoid 60 em long and of radius 

4~0 em has 3 layers of windings of300 turns each. A 2.0 em long 

wire of mass 2.5 g lies inside the solenoid ncar its center normal 
to its axis, both the wire and the axis of the solenoid are in the 
horizontal plane. The wire is connected through two leads 
parallel to the axis of the solenoid to an externa', ~attery which 
supplies a current of 6.0 A in the wire. What value of current 
(with appropriate sense of circulation) in the windings of the 
solenoid can support the weight of the wire? 

Sol. Let I be the current in the windings of the solenoid that can 
support the weight of the wire. Then, magnetic field inside the 
solenoid along its axis is given by B = pr:f1l. 

Given that po = 4ax 10-1 TmKl 

3x300 3x300 
n = number oftums per unit length =-60 = -2 em 60xl0 m 

= 1500tums/m 

Hence, B=4ax 10-7 x 1500xl = 6ax 10-
4
1 

As the wire is placed normal to the axis of the solenoid and 
magnetic field inside the solenoid is along the axis, hence field will 
act normal to the wire. Hence, force experienced by the wire due tc 
the magnetic field is given by: F= Bl'1. 

Here, l' = 6.0 A, 1.= 20 cm =2.0x 10-2 m andB = 6ax 10-41 
Hence, F= 67rx 10-4 X 6.0x2.0xI0-2N =72/tx 10..{i1 

Current I will support the weight of the wire, if the forc( 
Fequals the weight of the wire, i.e., F = mg 

or 727tX 10-61= 2.5xlO-3x9.S 

2.5 X 10-3 x9.S 
1 = -{i = IOS.37 amp 

72x3.14x1O 
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lIIustrati(l1l9.35 1 A thin insulated wire forms a plane spiral 

(If N= 100 turns carrying a current i "" 8 rnA. The inner and 

outer radii are equal toa"" 5 cm and b= 10 cm. Find the magnetic 
induction at the centre orthe spiral. 

I I 

Fig. 9.125 

Sol. Let n be the number oftums per unit length along the radii of 
the spiral. Consider a ring of radii x andx + dx. 

Number oftums in the ring = n dx 

. Po (nelx) j 
:. Magnetic field at the centre = ""-:::="-

2x 

fb Po nidx 1 . b 
:. B (total field) = ~ ="2 Po mln-;; 

Butn= 
N 

b-a 

• 

B"" J.Io Ni In ~ 
2(b-a) a 

41l"X 10-1 x100x 8 x 10-3 1n.!..2. 
2(10-5) X 10-2 5' 

B=6.9x IcrT=6.9jJT 

I I 

Fig. 9.126 

Illustration 9.36 A current of 10 A flows around a closed 

path in a circuit which is in the horizontal plane as shown in Fig. 

9.127. The circuit consists of eight alternating areas of radii r l 
= 0.08 m and r2 = 0.12m. Each arc subtends the same angle at the 
center. 

D 

Fig. 9.127 

a. Find the magnetic field produced by this circuit at the center. 
h An infinitely long straight wire carrying a current of 10 A is 

Sol. 

Magnetics 9.35 , 
o~ 

passing through the center of the above circuit vertically 
with the direction of the current being into the plane orthe 
circuit. What is the force acting on the wire at the center 
due to the current in the circuit? What is the force acting on 
the arcAC and the straight segment CD due to the current 
at the center? (fiT ...fEE,2001) 

a. Magnetic field at the center due to the straight parts is zero. 
Magnetic field due to the arcs of radius 

rl = 4(,uoi 12rlXl/8) = (j.Ioi 14rl) 

Similarly the magnetic field due to the arcs of radius 

r2 = (Poi 14r2) 

~ Net magneticfield 

= (Poil4) {l/'i +lIr2 } = 6.25xlO-5T 

h i. As the current in the wire at the center is antiparallel to the 
direction of magnetic field, the force on the wire everywhere 
will be zero. 
ii. Further due to the current at the center, magnetic field at 

A C will be tangential and hence the force on A C will be zero. 

iii. Force on CD = J Pol i dx = Pol In .2. = 8. 11 x 10-6N , . ., ( 1 
21l"x 2a 11 

" 
(Vertically downwards) 

AMPERE'S LAW 

Similar to the Gauss's law of electrostatics, this taw provides us 
shortcut methods of finding magnetic field in cases of symmetry. 
According to this law, the line integral of magnetic field over the 

closed path (1 B.d!) is equal to Po times the net current crossing 

the area enclosed by that path. 

~ iJ·dt. = POlenclo,ed 
closed loop 

This law is called the Ampere's law and the closed loop on 
which it is applied is cal!ed the Amperian Loop. The integral on 
the left hand side is called the magnetic circulation. Thus, 
Ampere's law can be stated as: the magnetic circulation (C) 
around a closed loop is 110 times the net electric current enclosed 
by the loop. 

" ·1 ,\ ~, 
Note: 

'.\' .. 
." 

'\. 'Whilt applying 'tile" Ampe're'~ law,' the fOllow'ing right 
r hand ~onvelliUm' is to he j,sed ' ' . 

• Current into the plape ojthe paper is negative. 
• Current Qut of the plane of the paper'is positi~e. . 
~ Circulation taken in tl,'e counter c!ockw;;e 'direction "is 

positive. 
• Circulatioll .takerl;1/ clockwise di/"ect;o" is negative. 
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9.36 
,,~1t, 

Physics for IIT·JEE: Electricity and Magnetism 

Dlustration 9.37:: Fig. 9.128 shows three current carrying 

conductors and three imaginary loops. Calculatc the currcnt 

cnclosed by each ofthc loops. 
3 

Fig. 9.128 

Sol. The current enclosed by the first loop is -II' The current 
enclosed by the second loop is 13 -/2 and the current enclosed by 
the third loop is 13 -/ 1 -/2, 

; Dlusttation 9.38 ~ Fig. 9.129 shows two currcnt carrying 

wires piercing thc plane of an imaginary loop. One ofthc wires is 

normal to the plane of the loop while the other is at an angle. 
Calculate the nct current enclosed. 

Fig. 9.129 

Sol. The current enclosed is simply II + 12, There is no need to 
take any component of 12 perpendicular to the plane of the loop. 
All that matters is just the magnitude of the net chargc per unit 
time that crosses the plane of the loop. 

Just as in the caseofGau,ss's law, the selection of the Amperian 
loop is critical for easy application of the law. The general rules 
while selecting the loop arc: 

• Estimate the direction force the magnetic field times around 
the current carrying conductor. 

• The loop should include the current carrying element whose 
magnetic field is to be calculated. 

• The magnetic field sh9Uld be constant over the whole loop or 
should be easy to calculate the different portions of the loop. 

• The dot product should be easy to calculate. 

Note: 

• If B is everywhere tangent to the integratiolt patll and 
has the same magnitude B at every point all the path, 
then its line integral is equal to B multiplied by the 
circumference of the path. 

• .If B is everywhere perpendicular ~o tile path, for all or 
some portioll of tile path, thai portion of the path inakes 
tlO COlltribution to ti,e line illtegral. . 

• In the illtegral f~·dl.' jj is al":ays the total magnetic 
field at each pomt on tile path. In get~eral, this field is 
caused partly by currents etlclosed by the path alld 
partly by currents outside. Even whetl no' currellt is 
ellclosed by the path, the field at points 011 the path need 
tlOt be zero. 111 tllat case, however, p jj ·dl is always zero. 

• Some judgment is required it, choosing an integration 
path. Two useful guiding prillcip'{fs are t"at, t1~e point ,!r 

, poin.iS at which the field is to be determined must lie on 
the path, alld tllat the path must have ell6ugh symmetry 
so that the integral call be evaluated. 

FIELD OF A LONG, STRAIGHT, CURRENT 
CARRYING CONDUCTOR 
SeLection of Ampere loop 

B 

Ampcriall !oop 
il 

~e 

@5' " I • 

( (i) ',; 
il 

~a de;) 
, I , , , , , , , , , 

',,---,' " B 

(" (b) 

Fig. 9.130 

We know that the magnetic ficld Jincs around a current carrying 
conductor are concentric circles in a plane perpendicular to the 
conductor. A natural choice for an amperian loop is a circle 
concentric with the conductor as shown in Fig. 9.130. For tms loop, 

~ 

B is constant at all points due to symmetry. 
~ ~ 

B is always in the same direction as de and so the dot 

product is unity. 
We exploit the cyliDdrical symmetry of the situation by taking 

as our integration path a circle with radius r centered on the 
~ 

conductor and in a plane perpendicular to it. At each point, B is 
tangent to this circle. With our choice of integration path, 
Ampere's law becomes 

,{ jj.de = rf. Bllde = B(2nr) = lJol =* B = flo I 

'f 'J 2nr 

Ampere's law determines the direction of B as well as its 
magnitude. Since we go around the integration path in the 
counterclockwise direction, the positive direction for current is 
out of the plane. This is the same as the actual current direction in 

the figure, so I is positive and the integral TB.if is also 

positivc. Since the Je's run counterclockwise, the dircction of 

B must be countcrclockwise. 

Magnetic FieLd 8 Outside and Inside a Cylindrical 
Wire 
A steady current 1 flows along an infinitely long straight wire with 
circular cross section of radius R. 

IIean he conduded from the symmctry that the field lines of B 
arc circles with their centers at the wire axis. 
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CD """ __ / 

""'-

Fig. 9.1 31 

B Outside the Wire (r ~ R) 

Consider a circular loop of radius r (;:: R) as shown by loop 1 in 
Fig.9.13 !' 

Here, the integral ~B.i( = B~dl = B(2lrr) 

Applying Ampere's Jaw, 

B(2trr) = JJoI ~ 

iJ 
Fig. 9.132 

8 Inside t he Wire (r 5' R) 

Consider the loop 2 as shown in Fig. 9.131. 
Using Ampere's Jaw, 

B(21rr) = Jio[.l,(m.2)] or, B = /1ob~ 
trR 27rR 

The variation of B with r is shown in the Fig. 9.133. 

H 

, 
Fig. 9.133 

Magnetic Field of an Infinite Sheet of Given 
Linear Current Density 

Selection of Amperian Loop lor a Sheet of Current 
Once again the choice of the Amperian loop wi ll depend on the 
predicted nature and shape of the magnetic lines offorce for the 
present configuration. The infinite shect of current can be treated 
as a bundle o f infinite w ires . The fields due to these wires will be 

.... agnetics 9.31 

concentric circles. The resultant magnetic field due to all these 
ind ividual fields will bcorientatcd parallel to the plaleasshown in 
Fig. 9.134(a). The fi eld above the plate will be directed 10 the left 
while the field bclow the plate will be directed towards the right. 
The obvious choice for an Amperian loop is a rectangle with 
sides paralle l to the plate and enclosing a portion of the plate as 
shown in the Fig. 9. 134(b). Furthcnnore, as the magnetic field 
intcnsity may vary with distance from the plate, we place the loop 
so that the two sides parallel to the plate are at the same distance 
from the plate. 

I 

1 

(.) 
~ 

B 
d ,_<II_'C td 

, , , 
• 

8 • 

• 

• • • , , , , 
II L. ~'b 

~ 

B ..,.. 
(b) 

(,) 

Fig. 9.134 

Application 0/ Ampere's Law 

• 
,I 

• 

Fig. 9. I 34(c) shows an infinite sheet of current w ith linear current 
densi ty j (Am- t ) . Due to symmetry, the field lines pattern above 
and below the sheet is unifonn. 

Consider a square loop o f side I as shown in the fi gure. 
Accord ing to Ampere's law, 

l> c J a 

j B·dt+ j B·dt + j B·di + j B·dl"IJoi 
" b c If 

Since 81. dt in the path b --+ c and d -) a, therefore 

, . 
.. jB dl " O; jB dt" O 

h , 

Also, B II dt in the path a -) band c -) d, thus 

h " 

j B·dl + J B·di " 28l . , 
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9,38 Physics for lIT -JEE: Electricity and Magnetism 

The current p,nclosed by the loop is 1 = jf. 

Therefore, according to Ampere's law, 2Be = Po(jt) 

' B=Pol' oe, 
2 

FIELD OF A LONG SOLENOID 

SeLection of Ampetian loop for a long SoLenoid 
Suppose we desire to calculate the magnetic field inside a long 
solenoid using Ampere's law, then what would be the choice of 
the Amperian loop? 

To answer this, let us analyze the expected nature of the 
magnetic field inside and outside the solenoid using symmetry 
arguments: 

1. We know that the magnetic field at a point on the axis of a 
loop is directed along the axis in the same direction on either 
side of the loop, The solenoid comprises of many concentric 
loops. Consequently, the magnetic field at a point on the axis 
of the solenoid will also be directed along the axis of the 
solenoid as shown in Fig. 9.135(a). 

2. The magnetic field outside the solenoid, far from its a:<is will 
be zero since the magnetic field due to a loop far from it is 
similar to thatofa dipole and it falls rapidly as I/r3. 

Taking consideration of above facts, what will be the optimum 
choice of an Amperian loop? Since the magnetic field outside the 
solenoid is zero, the shape oflhe loop in this region is immaterial 

as J ii. dP in this region is zero. Within the solenoid, ns the field 

is parallel to the axis, it is preferable for the loop to also be directed 
along the axis so that the dot product can be easily calculated. 
Thus, the natural choice of the loop is a rectangular loop with one 
side inside the solenoid oriented along the axis and another side 
outside the solenoid as shown in Fig. 9.l35(c). 

(.) 

-.- -+ -+ -.-
-+ -+ -+ -+ 
®®®®®®0®®®® 
+--- +--- +---
------ -*-------
+- .....f- ,.J!.. 
®t8!®®®®®®®®® -.- -.- -.- .......... 
-+ -+ -+ -+ 

(b) 

Fig. 9.135 (Con/d.) 

8-0 , d 

intcrgratioll 

L path 

••••••••••••• 
Central part of solenoid 

(d) 

Fig. 9.135 

/ 

A solenoid consists of a helical winding of wire on a cylinder, 
usually circular in cross section. There can be hundreds or 
thousands of closely spaced turns, each of which can be regarded 
as a circular loop. There may be several layers of windings. 

The field lines near the center of the solenoid are approximately 

parullcl, indicating a nearly uniform B; outside the solenoid, the 
field lines are spread apart, and the magnetic field is weak. If the 
solenoid is long in comparison with its cross-sectional diameter 
and the coils are tightly wound, the internal field near the midpoint 
of the solenoid's length is very nearly uniform over the cross 
section and parallel to the axis, and the external field near the 
midpoint is very small. 

Application of Ampere's law 
Along sides be and da, ~I = 0 because B is perpendicular to 

these sides; along side cd, B. = 0 because jj = O. 

The integral ~ jj·il around the entire closed path therefore 

reduces to 6L. 
The number of turns in length L is nL. Each of these turns passes 

once through the rectangle abed and carnes a current I, where1is the 
current in the windings. The total current enclosed by the rectangle 
is then 'encl. = nLl. Ampere's law then gives the magnitude 

BL = J.lonLl 

B = ponl (infinite solenoid) (iii) 

Side ab need not lie on the axis of the solenoid, so this 
calculation also proves that the field is uniform over the entire 
cross section at the center of the solenoid's length. 

Note that the direction of jj inside the solenoid is in the same 

direction as the solenoid's vector magnetic moment p. 
For points along the axis, the field is strongest at the center of 

the solenoid and drops off near the ends. For a solenoid that is 
very long in comparison to its diameter, the field at each end is 
exactly half as strong as the fie ld at the center. 

, IIhistration 9.39 Consider a coaxial cable which consists of 

an i~ner wire of radius a surrounded by an outer shell of inner 

and outer radii band c, respectively. The inner wire carries an 
electric current in and the outer shell carries an equal current 
in opposite direction. Find the magnetic field at a distance x from 
the axis where (a)x <a, (b)a <x <b, (c) b <x < c and (d)x > c. 
Assume that the current density is unifonn in the inner wire and 
also uniform in the outer shell • . 
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Sol. 

(,) (b) 

~~~~~~ 

(c) (d) 

Fig. 9.136 

A cross section of the cable is shown in Fig. 9.136. Draw a 
circle of radius x with the center at the axis of the cable. The parts 
(a), (b), (c) and (d) oflhe figure correspond to the four parts of the 
problem. By symmetry, the magnetic field at each point ofa circle 
will have the same magnitude and will be tangential to it. The 

circulation of B along this circle is, therefore, ~ iJ.[C ::=: B2trx in 

each of the four parts of the figure. 

a. The current enclosed within the circle in part (b) is io so that 

io 2 nx2 = ~x2. 
aa a2 

Ampere's law ~B.ic = Poi givcs 

Jlix1 Jlix 
B2trx = _~_o_o_ or, B = .t:.Q..L 

a2 2aa2 

The direction will be along the tangent to the circle. 

b. The current enclosed within the circle in part (b) is io so that 

. JloioX 
B 2m: = flo 10 or, B = --, 

2~a 

10 
c. Current density of outer shell: J = -,-''--" 

trc2 _ trb2 

So current fromx = Otox=x: 

I = io - J(1tr2 - ab2) 

(X'-b') = io - io -,--, 
c - b 

d. For x> c, magnetic field will be zero, because net current is zcro. 

Magnetics 9.39 

1. i. Find the magnetic field B at point o (center) of . 

a. ABeD, which is a square of side '/'. 
b. ABC, which is an equilateral triangle of side 'l'. 

8 

, , , 
R 

A ' C 
~~ ~- - -~--- ----

D 

Fig. 9.137 

A 

, 
:0 R R 

ii. Twelve unifonn wires of equal length / and each of 
resistance r are connected to form a skeleton cube. A 
battery of emf E is connected between two diagonally 
opposite comers of the cube. The magnetic induction at 
the center oflhe cube is ____ _ 

iii. An infinitely long straight wire is placed at the origin along 
the z-axis. The current I flows along the positive z-axis. 

+ 
Fig. 9.138 

Find the unit vectors showing the directions of magnetic 
field at the four points: 
Pea, 0), Q(O, b),R(-a, 0) ,nd S(O, -b) 

2. Calculate the magnetic field at point 0 in each of the 
following cases 

~~ 
, 

R ' R --- ---o 0, , , 
(i) (ii) 

(iii) (iv) 

I ' 

>~~ , I 

(vi) 

Fig. 9.139 

3. Find resultant magnetic field at 'C' in Fig. 9.140. 
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9.40 Ptlysics fo' lIT.JEE: E lectrici~ and Milgnetism 

sec}} 
Pl. -1M ~p 

Fig. 9.140 

4. Fig. 9. 141 shows a square loop made from a uniform wire. 
Find the magnetic field at the eenter of the square if a 
battery is connected between the points A and C. 

D c 

A 8 

Fig. 9.141 

5. In Fig. 9.142. there are twopamllellong wires {placed in the 
plane of paper) carrying currents 2J and I . Consider points 
A. C and D o n the li ne perpendicular to both the wires and 
also in the plane of the paper. The d istances are mentioned. 

Find (i) lJ at A. C and D (ii) position of points on lineACD 

where lJ is O. 

:<D :(1) , , , , 

~---:-h--.'- -- --L--.~--
,~ a ~ I , , , , , , 

Fig. 9.142 

6. In Fig. 9.143, two long wires WI and W2, each carrying 
current I, are placed parallel to each ocher and parallel to z
axis. The direction of current in WI is outward and in W2 it is 
inwards. Find lJ at 'P' and 'Q'. 

y 

p 
° Q(Q. a) 

Fig. 9.143 

7. In Fig. 9.144. a large metal sheet of width 'w' carries a 
current I (uniformly distributed in its width 'w'). Find the 
magnetic field at point' P' which lies in the plane oflhe sheet. 

Fig. 9.144 

8. Three identical long solenoids P, Q and R are connected to 
each other as shown in Fig. 9.145. If the magnetic field at 
the center of Pis 2.0T, what would be the field at the center 
ofQ? Assume that the field due to any solenoid is confined 
within the volume of that solenoid only. 

p 

Q 

R 

Fig. 9.145 

9. Find magnetic field at poi nt P shown in Fig. 9.1 46, the point 
P is on the bisector of ar:-gle between the wires. 

I Q 
, 

o 
, p 

------~---a , 

-
Fig. 9.146 

10. Find magnetic field at 0, by the system of current carrying wire. 
y 

-
z + ____ ~#)....J01¥C/_-I"D,-+ 

A E -
Fig. 9.147 

11. A conducting ring of radius r having charge q is rotating 
with angular velocity ffi about its axes. Find the magnetic 
field at the center or ring. 

t=\ 
\J)' 

Fig. 9.148 

12. Suppose that the current density in a wire of radius a varies 
with r according to K? where K is a constant and r is the 
distance from the axis of the wire. Find the magnetic field at a 
pointut distance rfrom the axis when (i) r<a and (ii) r>a. 
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13. Tn Fig. 9.149, the magnetic field at the point P. 
y 

Fig. 9.149 

14. An infinitely long straight wire with current 1 flowing along 
the positi vez·ax is is located al coordinates P(-12 m, 5 m). 
Determine the unit vector showing the direction of 
magnetic field at the origin. .' 

15. A long, straight wire, carrying a current of 200 A, runs 
through a cubical wooden box, entering and leaving through 
holes in theccnters of opposite faces (as shown in Fig. 9.150). 
The length of each side of the box is 20.0 cm. Consider an 
clement d(, 0.100 cm long of the wire at the center of the 
box . Compute the magnitude dB of the magnetic field 
produced by this element at the points a, b, c, d and e as 
shown in the figure. Points a. c and d are at the centers of 
the faces of the cube; point b is at the midpoint of one 
edge; and point e is at a comer. Copy the figure and show 
the di rections and relati ve magnitudes of the field vectors. 

200 A --. 

~::-o.o;C':::m~- 1/ 
~ 

Fig. 9.150 

, 

16. The wire shown in Fi g. 9. 151, carries current I in the 
direction shown. The wire consists of a very long, straight 
section, a quarter·circle with radius R, and another long. 
straight section. What are magnitude and direction of net 
magnetic field at the center of curvature of quarter-circle 
section (point P)? 

Fig. 9.151 

17. A circular loop has radius R and carries current 12 in a 
clockwise direction (as shown in Fig. 9.152). The center of 
the loop is a distance D above a long. straight wire. What 
are the magnitude and direction oflhe current I, in the wire 
if the magnetic field at the center of the loop is zero? 

YO?; 
R~ T 

D 

* 
Fig. 9.152 

18. For the arrangement shown in Fig. 9.153, determine the 
magnetic field at the center O. 

r 

Coil l 

B 
" ", , , , , , , , , , D , X , 

'" ", -~., Coil 2 . ........ 

Fig. 9.153 

19. Four long, parallel conductors cany equal currents of 5.0 A. 
The direction of the currents is into the page at points A 
and B and out of the page at C and D. Calculatc the 
magnitude and direction of the magnetic field at point P, 
located at the center of the square. 

A C 
~"'--- -- '--~ , , , , 
: .p : O.2m , , , , 
~" ' --- --- " '" B O.2m D 

Fig. 9.154 

20. A long, vertical wirecanyingacurrentof lOA in thcupward 
di rection is placed in a region where a hori zontal magnetic 
field of magnitude 2.0 x 10-3 T exists from south to north. 
Find the point where the resultant magnetic field is zero. 

21. Fig. 9.155 shows a long wire bent at the middle to form a 
right angle. Show that the magnitudes of the magnetic field 
at the points P, Q. Rand S are equal and find this magnitude. 

R 

Fig. 9.155 

22. In Fig. 9.156, two long, parallel wires (seen end·on) that are 
a d istance R apart carry equal currents i in the same sense. 
Find the magnitude of the magnetic field at point P, which 
lies equidistant from the two wires at an angle B from the 
plane of the wires. 
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9.42 Physics for lIT·JEE: E l~ctricity and Magnetl~1n 

R 

Fig. 9.156 

23. Fig. 9. 157 s_hows a square loop of edge a madeof a uniform 
wire. A current i enters the loop at the peint A and leaves it 
at the point C. Find the magnetic field at the point P which 
is on the perpendicular bisector of AB at a distance al4 from 
it. 

Dr-___ 'i-C-<'-_ 

Fig. 9.157 

24. Let twO long parallel wires. a d istance d apart. carry equal 
currents I in the same direction. One wire is at x = 0, the 
other atx=d(as shown in Fig. 9. 158). Detennine between the 
wires as a function of x. 

)' 

d 

I 

Fig. 9.158 

25. In Fig. 9.159. points P and Q lie at the same small distance R 
from the current carrying wire. (By "small" we mean that R 
is very much less than the length of any segment of the 
wire.) What is the magnitude B of the magnetic field (a) at Q 
?(b)atP? 

~; 

Fig. 9.159 

26. A wire carryi ng current i has the configuration shown in 
Fig. 9.160. Two semi-infinite straight scrt ions. each tangent 
to the same circle, are connected by a circular arc. of angle 
e, along the circumference of the ci rcle. with all sections 
lying in the same plane. What must Ohe in order for B to be 
zero at the ccnter of circle? 

Fig. 9.160 

27. A long, circular pipe, with an outside radius of R, carries a 
(uniformly distributed) current of io (into the paper as 
shown in Fig. 9.161). A wire runs parallel to the pipe at a 
d istance 3R from center to center. Calculate the magnitude 
and d;rection of the current in the wire that would cause the 
resultant magnetic field at the point P to have Ihe same 
magnitude, but the opposite direction, as the resultant field 
at the center of the pipe. 

tLD 
R R R 

Fig. 9.161 

28. Shown in Fig. 9.162. is an end-on vicw of three long, 
straight. parallel conductors spaced equal distances a 
apart. The outer conductors carny current l out of the 
page; Ihe middle conductor carries current I into the page. 
Where in the plane of the page is the magnetic field zero? 

• 

I 
® 
IOU • 

Fig. 9.162 

I 
o 
101 

29. In Fig. 9. 163, find the magnetic field at point P. 

~ ~ 
;:::{ 

Fig. 9.163 

3U. CurreJlt 1 flows through a long conducting wire bent at 
right nnglcas shown in Fig. 9. 164. Find themagoetic field at 
a point P on the right biscctor o f the angle XOY at distance 
drom O. 

Fig. 9.164 
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31. Two circular coils X and Y, having equal number of turns 
and carryi ng currents in the same sense, subtend same 
solid angle at point O. If the smaller coil X is midway 
betw~n 0 nnd Y and if we represent the magnetic 
induction due to bigger coil Y at 0 as By and that due to 
smaller coil Xat 0 as Bx, then fi nd the ratioByIB ... 

y 

X d- 0 

Fig. 9.165 

32 Two circular coils made of similar wires but of radii 20 and 40 
cm are connected in parallel. Find the ratio of the magnetic 
fie lds at their centers. 

33. A wire is bent into the shape shown in Fig. 9. 166 (a), and 
the magnetic field is measured at PI when the current in the 
wire is I. The same wire is then formed into the shape shown 
in Fig. 9.1 66 (b), and the magnetic field is .measured at point 
P2 when the current is again I. If the total length of wire is 
the same in each case, what is the ratio of 8 1/B2? 

, , , 
21: 

--.-LIl 
I PI f (., 

Fig. 9.166 

(0' 

34. Charge is sprayed onto a large non-conducting belt above 
the left-hand roller in Fig. 9.167. The belt carries the charge, 
with a uniform surface charge density s, as it moves with a 
speed v between the rollers as shown (Fig. 9.167). The 
charge is removed by a wiper at the right-hand roller. 
Consider a point juSt above the surfac-; o[ the moving belt. 
Find an expression for the magnitude of magnetic field at 
this point. 

Fig. 9.167 

35. An infinitely long, non-conducting cylinder of radius R lies 
along the z-axis. Fi ve long, conducting wires arc parallel CO 
the cy linder and spaced equally on the upper half of its 
surface. Each wire carries a curren t I in the opposite z
direction. Find th~ magnetic fie ld on the z-axis. 

36. In Fig. 9.168. find the magnetic field ,.t P?The loop is lying 
on x-y plane. 

Magnetics 9.43 

y 

Fig. 9.168 

37. Two long, straight wires, one above the other, are separated 
by a distance 2a and are parallel to the x-axis. Let the 
y-axis be in the plane of the wires in the direction from the 
lower wire to the upper wire. Each wire carries current I in 
the +x-direction. What are the magnitude and direction of 
the net magnetic field of the two wires at a point in the 
plane of wires: 
a. midway between them? 
b. at a distance a above the upper wire? 
c. at a distance a below the lower wire? 

38. A long, straight wire lies along the y-axis and carries a 
curre nt I = 8.00 A in the - y-direetio n (as shown in Fig. 
9. 169). In addition to the magnetic fie ld due to the current in 
the wire, a uniform magnetic field So with magnitude I.SOx 
10-6 T is in the + x-direction. What is the total field 
(magnitude and direction) at fo llowing points in the xz 
plane? 

• , 
I~ 
I 

, 

Fig. 9.169 

b ' 

a. x=O,z= l.OOm b. x= l.00m,z=O 
c. x=0,z =- 0.25m 

39. Calculate the magnitude of the magnetic field at point 
P as shown in Fig. 9.170, in terms of R, I I and fl' 

Fig. 9.170 

40. The wire semicircles shown in Fig. 9.I7 I.haveradii aancl b. 
Calculate the net magnctic fi eld (magnitude and direction) 
that the current in the wires produces at point P. 
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9.44 Physics for JIT-JEE: Electricity and Magnetism 

Fig_ 9_171 

41. Find the values of ~ jj df for the loops L j , 0. and L3 in Fig. 

9.172. 
The sense of d f. is mentioned in the figure. 

L, 
1--.-+'-:' , : ,--.-...,L) , ,~ , , 

Fig. 9.172 

42. A closed curve encircles several conductors. The line 

integral ~B'df around this curve is 3.83 x 10-4 Tm. 

a. What is the net current in the conductors? 
h If you were to integrate around the curve in the 

opposite direction, what would be the value of the line 
integral? Explain. 

43. A solid conductor with radius (/ is supported by insulating 
disks on the axis of a conducting tube with inner radius b 
and outer radius c as shown in Fig. 9.173. The central 
conductor and tube carry equal currents I in opposite 
directions. The currents are distributed uniformly over the 
cross section of each conductor. Derive an expression for 
the magnitude of the magnetic field: 

1;lg.9.173 

a.. at points outside the cenlral, solid conductor, but inside 
the tube (a < r < b). 

h at points outside the tube (r > c). 
44. Long, straight conductors with square cross sections and 

each carrying current I are laid side-by-side to form an 
infinite current sheet as shown in Fig. 9.174. The 
conductors lie in thexy plane, are parallel to the y-axis and 
carry current in the + y-direction. There are n conductors 
per unit length measured along x-axis. 

/' 
y , 

Fig. 9.174 

a. What are the magnitude and direction of the magnetic 
field a distance (I below the current sheet? 

h What are the magnitude and direction of the magnetic 
field a distance a above the current sheet? 

1\\10 long straight parallel wires are 2m apart, 

perpendicular to the plane oHhe paper. 
The wire A carries a current of9.6A, directed into the plane 

of the paper. The wire B carries a current such that the magnetic 

field of induction at the point P, at a distance of 10 m from the 
11 

wire B is zero. 

A 

1.6m 
2m 

s 
1.2 m 

10/11 m 

p 

Fig. 9.175 

Find: 
a. The magnitude and direction of the current in B. 
h The magnitUde of the magnctic field of induction at the 

pointS. 
c. The force per unit length on thc wire B. (IT -JEE, 1987) 

Sol. 
a. Direction of current at B should bc perpendicular to paper 

outwards. Let current in this wire be iB • Then 

0' 
i, 

= 
i, 

0' i/j = 

10 
32 

= 1-10 _'_."_ 
2ff (10111) 

[0 10 
-Xi" = -x9.6=3A 
32 32 
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b. SinceAsl + BS2 =AB2 
:. LASB = 90" 
At S: B I = magnetic field due to iA 

= Po.!..L= (2xlO-
7
)(9.6) = l2x 1O-7T 

2n 1.6 1.6 

. . 1'0 i (2xW')(3) 
B2 = Magnetic field due to IB = _....!L = ""07';;--''''' 

2n 1.2 1.2 
=5xlO-7T 

Since BI and 8 2 are mutually perpendicular. Net magnetic 
field at S would be: 

B= ~812+B? =~(12xlO-7)2+(5xlO-7)2 

= 13x IO-'T 

A 

B, 
90' 

:. , , , B, , , , 
B • 

Fig, 9.176 

c. Force per unit length on wire B: 

F = JJo ( .. in 
1 2ft r 

S 

(r=AB=2m) 

= (2xlO-
7
)(9.6x3) =2.88x 10-6N/m 
2 

! ! Two long parallel wires carrying currents 2.5 

and I (ampere) In the same direction (directed Into the plane of 
the paper), are held atP an~. Q respectively such that they are 
perpendicular to the plane of paper. The points P and Q are 
Ia<:ated at a distance ofSm and 2m respectively from a collinear 
polntR (see Fig. 9.177) (lIT-JEE,I990) 

p Q R 
~ ____ .x 

2.SA 2m 
5m 

Fig. 9.177 

a. An electron moving with a velocity of 4 x 10' mls along the 
posltivex - direction f);periences a force of magnitude 2.S A 
may be placed, so that the magnetic induction atR Is zero. 

.b. Find alUhe.positions.at.wJtich a third·long·parallel wire 
carryjng a CUrrent of magnitude 2.SA may be placed, so that 
the magnetic induction atR Is zero. 

Magnetics 9.45 

Sol 
a. Magnetic field «t R due to both the wires P and Q will be 

downwards as shown in fig. Therefore, net field at R will be 
sum of these two. 

,. p 

® 
Q 

® B,r--' 
BQJ 

Fig. 9.178 

B= Bp+BQ 

= 11o!..e..+ 110 IQ = 110 (2.5 +1..) 
2n5 2ft2 2R 52 

= PO U +1)=1O-7U+l) 
4n 

Net force on the electron will be. 

M o 
1 1m 

R .. ,I, 
Fig, 9,179 

Fm = Bqv sin 90° 

1m 

N o 
1 

or (3.2 x 1O-2~ = (10-7 )(1+ 1)(1.6 x 10-19)(4 x 10') 

or 1+1=5 . 
" 1=4A 

b. net field at R due to wires P and Q is 

B= 1O-7 (1+l)T=5xlO-7 T 

Magnetic field due to third wire carrying a current of 2.SA 
should be 5 x 10-7 T n upward direction so, that net field at R 
becomes zero. Let distance of this wire from R be r. Then, 

/10 2.5 = 5xlO-7 or (2xlO-
7
)(2's) =5x lo-7m 

2R r ' r 

or (2xI0-
7
)(2.5) =Sxlo-

'
m , 

or r= 1m 
So, the third wire can be put at M or N as shown in fig. 
If it is placed at M, then current in it should be outwards and 
if placed at N, then current be inwards 

j A wIre loop carrying a current Is placed In the 

x·y plane as shown in Fig. 9.180 (a) If a particle with c:harg~ +Q 
~ 

and mass m Is placed at the centre P and given a vel~lty v along 
NP Ond its instantaneous acceleration. (b) If an f);ternal unlfonn ..... .. -
magnetic induction Oeld B = Bi Is applied, Ond the force and 
torque acting on the loop. (DT.JEE;I991) 
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IU6 Physics for IlT·JEE: Electricity and Magnetism 

y 

M,,"" " - -
, , -", 

" " \ " , " , , , , , 

If (' ': ,:' II ': ' x 

\ 120:,'P ,: 

\, /a ,/ 
, i 
'" ,,/ 

N" ••• • _ •••• ·--

Fig, 9,180 

Sol. 
a. As in case of current-carrying struight conductor and arc, 

the magnitude of B is given by 

BI = "}lol {sina+sinb)andll
2

= tlnl¢ 
4Jrd 4m 

So in accordance with right hand screw rulc, 

(il,) = .J!.... I x 2 sin 60° llnd 
4Jr (a cos 60") 

(il) = &[2"13] (k) 
. MN 2a 2Jr 

and hence net Bat P due to the given loop 

Now as force on charged particle in a magnctic fields is given 

by F=q(;xil) 

so here, F ::= qvB sin 90° along PF 

~ }lo 2qvl [", ,,] 'i.e: F= --- ..... 3 - - alongPF 
4Jr a 3 , 

and so a·= .F = 10-1 2qvl [.J3 _!!.] aalong PF 
m a 3 

b. Asd F =1£i x jj, so F = f /dLxB 

As here I and B are constant 

Further as area of coil, 

S= -Jra --.2asin60oxacos60° k - [I , I ]" 
, 3 2 

I 

so M = 

and hcncc 

" 
---

, , 
" , 

, ," , 

9() O 

Fig.9.181 

l !i =i<i['!. - ,fi,], 
3 4 

, , , , 
" x , , , , , 

r = Mx/J = laB ---' k x i - ,. ' [ff ,fi,](" ") 
3 4 

- ' [ff ,fi,] " T= 1(1 1/ -- - J N- lll 
3 4 

'MTilUIi A 10llg hori .... ontlll wire All, which is free to 

move in II vertlcIII plllnc und Cllnies 1\ stelldy current u1'20A, is ill 
c1luillbrlum lit II height ofO.lllm (lvcr <llInthcl' parullellnng wire 
CD which Is fixcd in II horl'lontlll pluue lind carrics u stcady 
eur,'cnt of 30A, liS showuln Fig. 9.182. Show thllt whell All is 
slightly dcpressed. It cxeeutcs simple harmonic motioil. Find the 
period of oscillatiolls. (lIT-JEE, 1994) 

AI.'-_, /J 

c'----- --/J 

1<'lg.9.182 

Sol. Lctlll bc the mass per unit length or wi rc AU. At a height x 
above thc wire CD, llmgnetic force per unit h!l1gth on wil'c All will 
be given by 

F = 1!~ji2 (upwurds) 
lIP 2,. x 

A--- -f ____ fJil ~ 20A t 

-,, '" t/ B 0.01 In 

I~ J 
c·-- ---- ---/J 

Fig. 9.183 

Weight per unit length or wirc All is 
F

II
:= 1118 (downwards) 

Here, m = mass per unit length of wireA11 
Atx = d, wirc is in equilibrium i.c. 

F", = F
II 

0) 
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or Po iliZ --=mg 
2n d 

or flo iliz mg 

2trdf= d (ii) 

When AB is depressed, x decreases therefore F m will increase, 
while Fg remains the same. LetAB is displaced by dxdownwards. 
DifferendatingEq. (i) w.r.tx, we get 

dF m = -( m; }dl:: (iii) 

i.e. restoring force, F= dFm «-dx 
Hence, the motion of wire is simple harmonic. 
From Eqs. (ii) and (iii) we can write 

dF = _(mg)dx 
In d' 

Acceleration of wire a = -(~ ).dx 
Hence, period of oscillation 

or 

T= 2n~~1 = 2n 
r dispiacmen ,t I 
I accelertion I 

if M·OI T=27r -=Z1r - orT=O.2s 
g9.S 

(x=d) 

\ An electron In the ground state of hydrogen 

atom Is revolving In antlclockwlse direction in a circular orbit of 
radius R (see Fig. 9.184) 

" 

Fig. 9.184 

a. Obtain an expressIon for the orbital magnetic moment of 
the electron ' , . 

h The atom is placed in a uruform magnetic induction ii such 
that the normal to the plane of electron's orbit makes an 
angle of 30° with the magnetic induction. Find the torque 
experiellced by the orbiting electron. 

(llT.JEE, 1996) 
Sol. 

a. In ground state (n = 1) according to Bohr's theory: 

h 
mvR= -

2n 

or 
h 

V=--
2nmR 

Magnetics 9.47 

Now, time period, T= 2.:R = h/~~ = 4,r~2 
Magnetic moment M =A 

Where 
charge e 4;r'mR' 

1= = 
4,rmR2 = 

time period h 
' h 

and A = 1tR2 

M=(nR') ( eh ) Or 
eh 

M=-.. 
4n2mR2 4nm 

Direction of magnetic moment IV! is perpendicular to the 
plane of orbit. 

h i = MxB 

I ii =MBsin8 

Where 8is the angle between M and B 
8= 3fJ' 

f= (~)(B)Sin300 
4nm 

ehB 
f= -

Snm 

The direction of i is perpendicular to both M and jj 
, . 

1¥§li!liltl'tlj Three Inflnltely long thin wires, each 

carrying currenti In the same direction, are In thex -y plane of 
a gravity free space. The central wire Is along they - axis while 
the other two are along x = ±d. 

B. Find the locus of the points for which the magnetic tleld B Is 
zero. 

b. If the central wire Is displaced along the z -dIrection by a 
small amount and released, show that it will executeslmple 
harmonic motion. H the linear density of the wire is 2, nnd 
the frequency of oscillation. (llT·JEE,I997) 

Sol. 
a. Magnetic field will be zero on the y-axis i,e. 

x=O=z 

y 

II III IV 0:-axis 

Fig. 9.185 
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e.4! PhysiC1 for IIf.JEE: ftectricity and Magnetism 

magnetic field cannot be zero in region I and region IV 
because in region I magnetic field will be along positive l 

direction due to all the three wires. while in region IV 
magnetic field will be along negative Z.- altis due 10 all the 
three wires. It can zero only in region II and III. 

It--d a 

_ d+x 

, , , 
' : , , 
" , , 
, , , 

It , d-x , 
-: , 

Fig. 9.186 

3 

Let magnetic field is zero on line (z = 0) and x = x. Then 
magnetic field on this line due to wires 1 and 2 will be: along 
negative z - ads and due to wire 3 along positive z - altis. 
Thus 

or 

or 

8\ +8:= 83 
II. _I_ +~!... = J.ifJ _1_ 
2lrd+x 2Jrx 21rd - x 

I I I 
--+-= --
d+x x d-x 

This equation gives x = ± :k 
Where magnetic field is zero. 

b. In this part we change our coordinating axes system, Just 
for better understanding. 

z 
@y-u.iS 

, 3 

Fig. 9.187 

There are three wires I. 2and 3 as shown in Fig. 9.188. If we 
displace the wire 2 towards the l - axis, 

, 
F , ,' F , , , , , 

" , , , 
d d 

3 

Fig. 9.188 

Then force of attraction per unit length between wires (1 and 
12) and (2 and 3) will be given by 

., 
F= & '-

21f r 
The components of F along x - axis will be cancelled ouI. 
Net resultant force will be towards negative l - axis (or mean 
position) and will be given by 

F_ tJo !!.. .,.-
net - 2Jrr 

The components of F along x - axis will be cancelled out. 
Net result force will be towards negative z- ads, (or mean 
position) and will be given by 

JIo I' 
Fnel = --(2cos8) 

21f r 

= 2iJlo "--}i 2tr r r 

JIo I' F - - , 
IIC{ - Jr (zl+ d2 ) 

If z« d. then 

Zl+ dlgd'-and Fnu = _(PO i:)., 
If ·d 

Negative sign implies that F nr!. is restoring in nature 
Therefore F nOl ot:-t 
i,.e. the wire will oscillate simple harmonically. 
Let a be he acceleration of wire in this position and A. is th( 
mass per unit length of this wire then 

Fnel = ,t,a =- (~ ~:} 

or a . _(.i!£... )., 
. nU' 

Frequency of oscillation 

j = 2~~ = 21n~~ =j= 2~d~ 
I BSili Ii dIM A particle of mllSs ma and charge q I, movlnl 

In a region where unlfonn, constant electric and magnedcfteld 

E and j are present. E and B are parallel to each other. A 

clmel = 0, the velocity Yo of the particle Is perpendicular to E 
(Assume tliat Its speed Is always «c, the spe'ed of light II 
vacuum). Find the velocity Y of the particle at Ume t. You mw 

express your answer In terms oft, q. m, the vector VO ,E and j 
and their magnltudCl vo,E andB. (TIT-lEE, 1998 

Sol. '\ E B~ Vn 
J = -or-:l =-'<. 

E B Vo 
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y 

EandB 

1 I 

, 
Fig. 9.189 

. Force due to electric field will be alangy - axis. magnetic force will 
not affect the motion of charged particle in the direction of electric 
field (or y- axis) so. 

a = Ft =qE.t (0 
, m m 

The charged partiCle under the action of magnetic field 

describes a circle inx-z plane (perpendicular to B ) with T= 2;rm 
Bq 

2tr q8 
or 0)= -=-

T m 
Initially (t = ,0) velocity was alongx - axis. Therefore magnetic 

force (Fm) will be along positive z-axis [Fm = q(vo ~B) ] . Let it 

makes an angle Owithx-axis at time t, then 
8= 'all 

Fig. 9.190 

nx= vocas cot=vo cos(;::t) 

vz= VQSinwt=VQSin( ~ t) 
From eqs (i), (ii) and (iii) 

v= vi +vyJ+vi 

(ti) 

(iii) 

.. v = vocos(::: t)(~:)+ ~ {!)+vosin( ~ t)( v:oxBB) 

or v = cos(;:: t )eva) +(! t }E) +sin( ::: t)( vo; B) 

Note: 

The path of the particle will be a helix 0/ increasing 
pitch. The axis of the helix will be along y ":: axis. 

Magnetics 9.49 

'@i1i1iilMI. A ring of radius R having uniformly 

distributed charge Q Is mounted on a rd suspended by two 

Identical strings. The tension In strings In equilibrium Is To' 
Now a vertical magnetic field is sw:ltched on and ring is rotated at 
constant anguJar velocity 0). F1nd themaxlmum O)with which the 
ring can be rotated if the strings can withstand a maximum 

3~ 
tension of --t. 

T. 

Sol. In equilibrium, 

2To= mg 

mg 
To= -

2 

D 

T. 

Fig. 9.191 

Magnetic moment,M = iA = (2: Q ) (trR1 ) 

t == MB sin 900 = wBQR
1 

2 

[DT.JEE,2003l 

Let T[ and T2 be the tensions in the two strings when magnetic 
field is switched on (T[ > T1) '~ 

For translational equilibrium, 

T[+T1=mg 

For rotational equilibrium 

D O)BQR2 
(T[-T1) 2= 1' =="'2"'-

0' 
wBQR2 

2 
Solving Eqs. (ii) and (iii) we have 

T = mg + wBQR
1 

[ 2 2D 

(ti) . 

(iii) 

) 

As T[ > T2 and maximum values of T[ can be 3~o ,we have 

3.To = T, + O)max BQR2 
2 0 2D 

Dr, 
I'4na... = BQR1 
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9.50 Physics for IIT.JEE: Electricity and Magnetism 

) A moving coli galvanometer has a coli of area 

A and number of turns N. A magnetic field B Is applied on it. The 

torque acting on it is given by f=ki where i is current through 
the coli. If moment of inertia ofthe 'coil is 1 about the axis of 
rotation [TIT -JEE,2005] 

a. Find the value of k in terms of galvanometer parameters 
(N,B,A). 

, h Find'the value of torsional constantlf currentio produces 

• angular deflection of '2 radian. 

c. If a charge Q is passed almost instantaneously through 
coli, find the maximum angular deflection in it. 

Sol. 
a. The torque acting on the coil of moving coil galvanometer is 

T= NiAB 

Given T= ki 

ki=NiAB ~ k=NBA 

h If C is torsional constant of the spring of galvanometer, then 

f= C8 

2NBAio 

• 
Co If 8m is maximum deflection, then from conservation of 

energy 

.!.ce: = .!.Ioi 
2 m 2 

We have T == NiAB 

e =(l w 
m Vc 

. dL 
Put f=- whereLis angular momentum. 

dl 

dL=N(dQ ) AB or dL = NABdQ 
dt dt 

, Q 

Integrating J dL = NAB J dQ ~ L = NABQ 
o 0 

If wis angular velocity. 

Put L= Iw 

Iw = NABQ 

NABQ 
OJ= --

I 
Substituting thus value in (i), we get 

(i) 

(ti) 

8. = fL. NABQ = NABQ ' =Q)1rNAB 

m VC , I {2NA!1o / } 2/10 

j A particle of mass m and charge q is moving in 

a region where uniform constant electric and magnetic fields 

E and jj are present. E and jj are parallel to each other. At 

time t = 0 the velocity v of. the particle is perpendicular to 
(Assume that Its speed is always £ c, the speed of light in 

vacuum). Find the velocity v of the particle at time t. You must 

expressyouranswerin termsoft,q,m~ the vectors vo,E and jj 
and their magnitudes vo,E andB. 

y 

--_ i-E; 
--_ jj .. BI 

)----'----- , 

Fig. 9.192 

Sol. Let the velocity v, E and B be as shown in Fig. 9.192. The 
Lorentz force on the charged particle is 

- 1 _ ' dv 
q(E+vxB) = m

dl 

-~ ~" d ~ ~ " 
q[Ei+vojxBi) = m dt [v.,i+vyj+vtk] 

-, ' d" , 
qEi +qvoB(-k) = m-[v.,i +vyj+v. k] 

dl 
On comparing the components on bot~ sides, we get, 

d" E m - = q 
dl 

d" 
m-= qBv 

dl ' 

d, 
m-< = -qBv 

dl ' 
From equation (i) , we have 

Vx = qE t [ax is constant] 
m 

From equation (ji), we have 

2 d Vy = _qB __ d'_, 
dt 2 m dt 

(i) 

(ti) 

(iii) 

(iv) 

We can substitute dV t from e~uation (iii), in equation (v), we 
dl 

get 

d2vy = _(qB)" 
dt 2 m y 

Similarly from equation (iii), we have 

d 2v dvy 
.=.......:..;. = - qB-
dP dt 

(vi) 

(vii) 
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Now we subst imtc dll/dl frOIll equation Oi) in (vii) to gel 

_(qBJ'" 
'" 

(viii) 

Equat ions (vi) and (viii) arc sc(;o!ld order di ITerent ial equtiol1s. 
simila r to tha t encountered in sim ple harmon ic motion . Solution of 
equat ion (viii ), 

dL )I)' ::: 

d12 
_WLl' , 

vy = Acos(mt+~) 
Hence fro m equation (i i) , 

11/ dv _ 
v. ::: - - ) = -Asin (cVl + ¢!) 

.. ql1 dl 

At I ::: 0, v,, ::: Vo and 1', ::: 0; therefore we get, 

¢ = = 0 and 1\:::\'0 

Thus the final solut ions are 

qE . 
- I, 1' )' = Vo cos OJl, Fz = - vo Sin OJI 
11/ . 

In vector notation, 

- ('IE J- - .' v = - / i+ (FOCOSrvt )j +(-I'OSI 110)/)k 

'" 

(qE)E Vo ii xvn 
o - / -:: + (vocoswi) - +(-l'osinOJI) - - 

In tv ' ~ 

ql ·· _ sin OJI _ -
= - E+vocosOJl vo+ - - vox B 

11/ B 

~ A charged particle of mas'~ III and charge q is 

projected on u rough horizontal ;r-), plane surface with z-axis in 

the vertically upward dircctioil. Both dectdc and magnetic fields 

are acting in the r egion and given by E ::;: -Hie and ii = -JJok 
respecti vely. The pm·ticle enters into the field at (00' 0, 0) with 

velocity v::;: Yo). The particle starts moving into a circular path 

on the plane. If the coeflicient offl'iction bctween the particle and 
the plane is III. Thcn c:llculate the 

a. time when the particle will come to res t 
b time when the particle will hit the centre 
c. distance travelled by the Imrticle when it comes to rest. 

z 

,. 

(11, 0,0) "oj' 
, 

Fig. 9.193 

Sol. 

u. N = mg+ qEo 

, d, 
And-m - = pN "t 
From equation (ii), 

Ro 
mv 

Eoq 

From equations (i) and (iii), 

Thus 

h From equation (iv) ·1 , 

dR = ..!!!:....dv = _J1 (mg+ qEo)dt 

Here 

Thus 

Boq ,qBo 

, 
I 0 _--c"2n~'O,--_ 

2J1 (mg +qEo ) 

Magnetics .\1.51 

(i) 

(ti) 

(iii) 

(iv) 

, , , 
A long straight wire carries a currenti. A 

particle having a positive charge q and mass In, kept a,t distance 

Xo from the wire is projected towards it with speed v. Find the 
closest distance of approach of charged particle to the wire. 
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11.52 Physics for IIT.JEE: Electricity and Magnetism 

y 

j-, " 
, 

> , , 

Fig. 9.194 

Sol. Magnetic field due to long wire is . 

-I Poik 
B=--

2"x 

" 

" 

, 

Q9B 

Let the velocity of the charged particle at any instant be 

~ . . 
v =:= (v) +Vyj) 

Magnetic force on the charge, 

-I -I -I fJoqiv " fJoqiv A 

F::q(vxB) =--_Yi +-- " j 
2nx 21l"x 

From equation (i), y component of acceleration is 

a = dvx ::f.loqivx = Jioq i dx 
y dt 2mnx 2mnx dt 

At the minimum separation. velocity of particle is -v J 

n.q' I Ix"'" I -v =.p.!2:. n--
2"", Xo 

Thus - ..!2.1tmvl AJqi 
xmin - Xoe 

(i) 

15$hil.\t!UN. A loop of flexible conducting wire of length 

0.5 m lies in a magnetic field of 1.0 tesla perpendicular to the 

plane of the loop. Show that when a current is passed through the 
loop, it opens into a circle. Also calculate the tension developed 
in the wire If the current is 1.57 A. 

Sol. The loop may be divided into a large number of small length 
elements. When a current I is passed through the loop placed in 
the magnetic field such that the plane of the loop is perpendicular 
to field, then force on each element is 

~ ~ 

Id lx B = IdlB sin 900 = I d l B 
~ 

Perpendicular to current element Id e as well as magnetic 
~ 

field B . Hence. the loop opens into a circle. 

, b 

T T 

, 

Fig. 9.195 

Consider an element of length dl of circle of radius r, making an 
angle aat centre. If Tis the tension in the wire. then force towards 
centre 

2TSin%= IBde 

For small angle a, sin % = % 

2T.% = IB de 

T=IBde =IBr 

" 

"" L57XIOX( 0.5 )=1.S=0.12;<; N 
2x3.14 

work is required to turn It in an external magnetic field of 1.5 
weber/ml through 1800 about an axis perpendicular to the 
magnetic field. The plane of the coil is initially perpendicular to 
the magnetic field. 

Sol. The potential energy of circular loop in the magnetic field 
= - MB cos Bwhere (Jis angle between nonnal to plane of coil and 
B. Initially given B= 0°. . 
,. Initial potential energy, 

V f =-NiAB coslS00=-NiAB 

When coil is turned through 180°; B = 180Q
, therefore final 

potential enere-. 

V f =-·ViAB coslS00=NiAB 

Required work, W = gain in potential energy 

= V f -Vi = NiAB-(-NiAB) =2NiAB 

HereN= 100, i =0.1 A,B= 1.5 weber/m2 and radius r=0.05 m. 

A = 1l"r2 = 3.14x(0.5)2 =7.85 X 10-3 m2 

Work, W = 2x IOOxO. 1 x7.85 x10-3 xl.5 

= 0.2355 joule 
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'¥b1.dIlMr.;1 A positively charged particle having charge 

q, = 1 coulomb and massm, = 40 gm, is revolving along a circle 

of radius R = 40 cm with velocity v, = 5 ms-1 in a. uniform 
magnetic field with centre of circle at origin 0 of a three 
dimensional system. 

At t = 0, the particle was at (0,0.4m,0) and velocity was 
directed along positive x-direction. Another particle having 
charge ql = 1 coulomb and mass m l = 10 g moving uniformly 

parallel to positive .x-direction with velocity Vl = ~ ms- 1 

collides with revolving particle at t = 0 and gets stuck to it. 
Neglecting gravitational force and coulomb force, calculatex,y 

and z co-ordinates of the combined particle at =.!!.... second 
40 . 

Sol: In three dimensi9nal co-ordinates system, axes arc assumed 
according to right hand screw rule. 

Consider such a system shown in figure (a). In this system 
positive z-dirc~tion is normal to plane of paper and is directed 
towards the reader. 

y 

(0,0.4,0) 

<!JB 

, 
Fig. 9.196 

The particle is positively charged, ccntrc of its circular path is 
at origin and when the particle is on positive y-axis, its velocity is 
directed along positive x-direction, it means that the particle is 
moving clockwise in the figure (a). 

Since the particle is positively charged, therefore, current 
associated with its motion is also clockwise or along positive x
direction at (0, 0.4, 0). 

Lorentz's forces is towards origin. Therefore, according to 
Fleming's left hand rule, magnetic induction B must be along 
positive z-direction. 

Radius of circular path followed by this particle is r, = 0.4 m 

But r
l 
=m1v1 ~ B=mlvi = O.ST 

qlB q1rl 

Now the second particle collides and gets struck with it. 
Velocity of combined particle can be found out by applying law of 
conservation of momentum. 

- - -
(1111 +mz)v = ml VI +11~ V2 

(40x 10-3 + lOx 1O-3 )~ 

= (40xlO-3)xSi +(lOxlO-3) 40 k 
" 

Magnetics 9.53 

x-direction of velocity of combined particle is Vx = 4 ms· ' 

d d·· 8_1 an z- IrectlOn, VI = - ms 

" Due to "x' combined particle tries to move clockwise along a 
circular path and due to Vz it ties to move uniformly along z-axis. 

Therefore, its ultimate path becomes helix. Radius of this helix is 

R :: (m, +m2)vx = 0.2 m 
(ql +q2)B 

. 2n'(m] +l1tz) lr 
and period of revolution T = = - seconds 

(ql +q2)B iO 

Axis of this helix is a straight line shown by point C in figure 
(b) whose equation is 

y 

);o;----~" 

Fig. 9.197 

Y = (Ii - R) = (0.4-0.2) = 0.2 m 

Angular displacement of Rarticle, due to circular motion is 

I 
(}= 270-,' 

T 

(} =!!.. 
2 

. . x-coordinate of new position of combined particle = R sin (} 
=0.2m. 

= OC +Rcos()=0.2+0 = 0.2m 

and z-coordinate = v/ = 0.2m 

Position of combined particle at 1 = .!!.... seconds 
40 

RhMMf4 An electron accelerated by a potential 

difference V = 3 volt first enters into a uniform electric field ofa 

parilllel- plate capacitor whose plates extend over a length I = 6 cm 
in the direction of initial velocity. 

The electric field is nonnal to the direction ofinitiaI velocity and 
its strength varies with time as E = at, where a= 3600 Vm-] s-l. 

Then the electron enters into a uniform magnetic field of 
induction B = lrX 10-9 T. Direction of mag netic field is same as 
thut of the electric field. 

Culculate pitch of helical path traced by the electron in the 
magnetic field. (Mass ofclcctron,m = 9 x 103' kg) 
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9.54 Physics for IIT·JEE: Electricity and Magnetism 

Sol. Since, electron is accelerated through a potential difference 

V, therefore its initial velocity Vo is given by .!. mv5 = e V 
2 

Vo = )2eV 
m 

(i) 

'Since, initial velocity is parallel to plates or nonnal to the 
direction of electric field, therefore component ofveJocity parallel 
to plates remains constant as Yo. 

++ + ++ ++ + ++ ++++ e 
v, 

1 

Fig. 9.198 

Hence, time taken by the electron to cross electric field is 

I 
to= -

". 
Now consider motion of e1ec~ron, normal to plates. 

At some instant t, its acceleration = eE = eat 
m m 

Let velocity component nonnal to plates to Vy 

Then this acceleration is equal to !!... Vy 
d1 

d eat -v = -
dt y m 

0' 
eat 

dv =-dt , m 

But at initial moment t=O, vy=O => I
Vy eal" dVy =- tdt 
• m • 

ea 2 aI2 
" =-to =-y 2m 4V 

(ti) 

Angular deviation 8 of electron from its initial direction of 
motion is shown in Fig. 9.199 

B 

v 
v, ~ II e 

Fig. 9.199 

Now electron enters into magnetic field. Pilch of its helical 
palh. 

2mn 
p = - - v cos(90 - () 

eB 

p = 2ffm vsin8 = 2mn v 
eB eB Y 

mnaI2 
p =--- = L215cm 

2eBV 

EXERCISES 

Subje'otive Type , 
,- ,~ ~~,,,,-, "",' 

Soilltions on page 9.106 

1~' A small current carrying loop having current io is placed in 
the plane of paper as shown (Fig. 9.200). Another semicircular 
loop having current io is placed concentrically in the same 
plane as that of the small loop, the radius of semicircular 
loop being R (R » a). Find the forceapp licd (in newton) by 
the smaller ring on the bigger ring. 

: R ." 

~; 
, , , , 

Fig. 9.200 

(GivcnR= 1 m,i=io= ~ A ,a=O.1 m) 
vPo 

2. A non-conducting non-magnetic rod having circular cross 
section of radius R is suspended from a rigid support as 
shown in Fig. 9.201. A light and small coil of300 turns is 
wrapped tightly at the left end of the rod where unifonn 
magnetic field B exists in vertically downward direction. Air 
of density p hits the half of the right part of the rod with 
velocity V as shown in the Fig. 9.201. What should bc 
current in clockwise direction (as seen from 0) in the coil so 
that rod remains horizontal? Give answer in rnA, given 

2 )ffRB = I A -lf2 

L, P 

Air 

j j j j . 
1 ( 0 ( 

iij'~~~==='+I=,===.=,1: :,==-:,~ 
L il2 il2 

Fig. 9.201 
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3. A current I flows in a rectangularly shaped wire whose center 
lies at (xo, 0, 0) and whose vertices are located at the points A 
(xo + d, -a, -b), B (xo -d, a, -b), C (xo ---d, a, +b) and D (xo 
+ d, -a, +b) respectively. Assume that a, b, d «xo. Find the 
magnitude of magnetic dipole moment vector of the 
rectangular wire frame in tesla. (Given: b= 10m,i = 0.01 A,d= 
4m,a=3m.) 

4. A small coil C with N = 200 turns is mounted on one end of a 
balance beam and introduced between the poles of an 
electromagnet as shown in the figure. The area of the coil is 
S = I cm2, the length of the right arm of the balance beam is 
1 = 30 cm. When there is no current in the coil the balance is 
in equilibrium. On passing a current I = 22 rnA through the 
coil, equilibrium is restored by putting an additional weight 
of mass m = 60 mg on the balance pan. Find the magnetic 
induction field between the poles of the electromagnet, 
assuming it to be uniform. 

\ N / 

{()~;'~k 

/ s \ 
Fig. 9.202 

S. A long, horizontal wireAB rests on the surface of a table and 
carries a current l. Horizontal wire CD is vertically above 
wireAB, and is free to slide up and down on the two vertical 
metal guides C and D (as shown in Fig. 9.203). Wire CD is 
connected through the sliding contacts to another wire that 
also carries a current I, opposite in direction to the current in 
wire AB. The mass per unit length of the wire CD is ,.t. To 
what equilibrium heighth will the wire CD rise, assuming that 
magnetic force on it is due wholly to the current in wireAB? 

A B 

Fig. 9.203 

6. An elevator carrying a charge of 0.2 C is moving down with 
a velocity of 4 x 103 mls. The elevator is 10 m from the bottom 
and 3 m horizontally from P as shown. What magnetic field 
(in I!T) does it produce at point P. 

10m 

3m 
p 

Fig. 9.204 

Magneti ~s 9.55 

7. In a trapeze-shaped structure, two rigid wires of negligible 
mass support a conducting bar of mass m and length L as 
shown in Fig. 9.205. A source of e.m.f. is applied to the wires 
so that a current I flows through the bar. A uniform magnetic 
field B is perpendicular to the plane of the wires and bar. 

,_ 
Fig.9.20S 

a Compute the current that the source of e.m.f. must provide 
so that there is no tension in the wires. 

h If the current is reduced to half the value computed in 
(a) and the plane of the structure is moved through an 
angle D, compute the tension in the wires and the 
magnitude of the net unbalanced force on the bar at the 
instant it is released from this angle. 

8. A strong magnet is placed under a horizontal conducting 
ring of radius rthat carries current i as shown in Fig. 9.206. If 
the magnetic field makes an angle Dwith the vertical at the 
ring's location, what are the magnitude and direction of the 
resultant force on the ring? 

N 

Fig. 9.200 

9. A wheel with 4 spokes is placed with its plane perpendicular 
to a uniform magnetic Held B of magnitude 0.5 T. The Held is 
directed into the plane of the paper and is present over the 
entire region of the wheel as shown in Fig. 9.207. When the 
switch S is closed, there is initial current of 6 A between the 
axis and the rim and the wheel begins to rotate. Resistances 
of the spokes are 1,2,4 and 8 n, respectively. Resistance of 
rim is negligible. 

x x x X X X X 

B 

X X 40 
8n I 

=s 
X X X X 

X X X X 

Fig. 9.207 
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9.56 Physics for ItT .JEE: Et«tricity and Magnetism 

a. What is the direction of rotation orthe wheel ? 
b Radius ofthe wheel is 0.2 m. Calculate initial torqueacting 

on the wheel. 

10. Acurrent/ = 10 A flows in a ringofradiusro= 15cm made of 
a very thin wire. The tensi le strength of the wire is equal to T 
= 1.5 N. Tl:te ring is placed in a magnetic field, which is 
perpendicular to the plane of the ring so that the forces tend 
to break the ring. FindS at which the ring is broken. 

11. A positively charged particle, having charge q, is 
accelerated by a potential difference V. This particle moving 
along the x-axis enters a region where an electric field E 
exists. The direction of the electric field is along positive 
y-axis. The electric field exists in the region bounded by the 
linesx " 0 andx= a. Beyond the linex= a (i.e., in the region 
x> a), there exists a magnetic field ofslrength S, directed 
along the positive Y-lIxis. Find 

, 
• 
"' 

y 

't: !l'E' f' 
·:::: I,!.l I I, 

, :',' ~ 

f ' ':1$ 

Fig. 9.208 

B' 

I 

a. lit which point docs the particle meet the line x = a. 
b the pitch of the helix fanned after the particle enters the 

regionxO!:a. 
(Mass ofthc particle is m.) 

12. Two long conducting rods suspended by means of two 
insulating threads as shown in Fig. 9.209 are connected at 
one end to n charged capacitor through a switch S, which in 
initially open. At the other end, they lire connected by a loose 
wire. The capacitor has charge Q and mass per unit length of 
the rod is A? The effective resistance of the circuit after 
closing the switch is R. Find the velocity of each rod when the 
capacitor is discharged after closing the switch. [Assume 
that the displacement of rods during the discharging time is 
negligible.] 

d 

Fig. 9.209 

13. A charged particle +q of mass 11/ is placed at a distance from 
another charged particle - 2q of mass 2m in a uniform 
magnetic field B as shown in Fig. 9.2 10. Irthe particles arc 
projected towards each other with equal speed v. 

x X X X 

"m • • - 2q,2m 

• • • • 
X X 

d 
X X 

• 

X X X X 

X X X X 

Fig. 9.210 

a. find the maximum value of projection speed VIII so that the 
two p811icles do not collide. 

b find the time after which collision occurs between the 
particles if projection speed equals 2v",. 

c. Assuming the collision to be perfectly inelastic find the 
radius of the particle in subsequent motion. 

(Neglect the electric force between the charges.) 
14. A conducting wire of length' f' is placed on a rougn 

horizontal surface, where a unifonn horizontal magnetic field 
B perpendicular to the length of the wire exists. Least value~ 
of the forces required to move the rod when a current ' r i~ 
established in the rod are observed to be F] and F; 
« F.) for the two possible directions ofthecurrentthrougl: 
the rod, respectively. Find the weight of the rod and thE 
coefficient of fr iction between the rod and the surface. 

15. A square loop of side a == 6 em carries a current I == 30 A 
Calculate magnetic induction B at point P, lying on the axil 

of loop and at a distance x == .J7 em from the center of loop. 

16. Calculate magnetic induction at point 0 if the wire carrying I 
current I has the shape shown in Fig. 9.2\1. , 

1-'-+-, 

Fig. 9.211 

(The radius of the curved part of the wire is equal to Ran· 
linear parts of the wire are very long.) 

Objective Type , Solutions 011 page 9.1 J I 

L A neutron, a proton, an electron and an a-particle enter 
region of unifoml magnetic ficld with equal velocities. Th 
magnetic ficld is perpendicular to the paper and direete 
into it. The tracks of particles arc labeled in Fig. 9.212. Th 
neutron follows the track 
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X 

aA 
c. C 

X X 

X 

X x 
B 

X 

X 
A 

X 
X X 

X 

C 

X X 

X X 

X 

X X 

Fig. 9.212 

hB 
dD 

X 

x 

X 

X 

X 

X X 

X 

X X 

X 
D 

X X 
X 

X X 

2. A U tube of uniform square cross-sectional side a has 
mercury in it. Current I is passed between sealed electrodes 
x and y. A magnetic field B is applied across horizontal 
section perpendicular to the plane of diagram. The difference 
in mercury levels is [Given: r = density of mercury 1 

fP' . , 
, , 

; : ' , 
,:. 

.~ : L':::==i;==i' .: ,'. , 
Fig. 9.213 

2 BI 2BI 
h 

pga 
a 

3 pga 

d 
4HI BI 

c. 
pga pga 

3. An electron accelerated through a potential difference V 
passes through a uniform transverse magnetic field and 
experiences a force F. If the accelerating potential is 
increased to 2 V, the electron in the same magnetic field will 
experience a force 
a.F hFI2 

c . .J2 F d 2F 
4. An electron is moving along positive x-axis. To get it moving 

on an anticlockwise circular path in x-y p!;me, a magnetic 
field is applied 

a. along positive y-axis b. along positive z-mds 
Co along negative y-axis d. along negative z-axis 

S. Two particles X and Y having equal charges, after being 
accelerated through the same potential difference, enter a 
region of uniform magnetic field and describe circular paths 
of radii R I and R2, respectively. The ratio of masses of X and 
Yis . 
a (R/R2)112 
c. (R 1/R2 )2 

b. (R1R,) 
d. (R/R2) 

Magnetics 9.57 

6. A stream of electrons is projected horizontally to the right. 
A straight conductor carrying a current is supported paraHel 
to the electron stream and above it. If the current in the 
conductor is from left to right, what will be the effect on the 
electron stream? 

a The electron stream wiH be pulled upward 
h The electron stream wiH be puHed downward 
c. The electron stream will be retarded 
d The electron stream will be speeded up toward the right 

7. An electron of mass m is accelerated through a potential 
difference of Vand then it enters a magnetic field of induction 
B normal to the lines. Then, the radius of the circular path is 

a. )2ev h ~2 Vm 
11/ eB2 

c. )2Vm d )2Vm 
eB e2B 

8. An etectron of mass 0.90 x 10-.'00 kg under the action of a 
mag':1etic field moves in a circle of2.0 em radius at a speed of 
3.0 x 106 ms-1. Ifa proton of mass 1.8x 10-27 kg was to move 
in a circle of the same radius in the same magnetic field, then 
its speed will be 

a. 3.0x Ilfms- I 

h 1.5 x 103 ms- I 

c, 6.0x 1000ms- 1 

d cannot be estimated from the same data 
9. A charged particle of mass 10-) kg and charge 10-5 C enters a 

magnetic field of induction 1 tcsla. If g = 10m 8- 2, for what 
value of velocity will it pass straight through the field without 
deflection? 

a. 10-3 ms- I h 103 ms-I 

c. 106 ms-1 dims- I 
10. A particle of !lllISS 2 x 10-5 kg moves horizontally between 

two horizontal plates of a charged parallel plate capacitor b 
between which there is un electric field of200 NC- 1 acting 
upward. A magnetic inducti01! of 2.0 T is applied at right 

angles to the electric field in a direction normal to both jj 
and v. If g is 9.8 ms-2 and the charge on the particle is 10-6 

coulomb, then its velocity is 
a. 2 ms- I 

c. 0.2 ms- I 
h 20ms-1 

d lOOms-I 

11. A charged particle moves along a circle under the action of 
possible constant electric and magnetic fields. Which of the 
following are possible? 
a E=O,B=O 
c. E;t.O,B=O 

h E=O,B;t.O 
d E;t.O,B;t.O 

12. The instantaneous acceleration of an electron in a magnetic field 

jj = 2i +3J +4k is ii = xi + J-k. What is the value of x? 
800.5 h I 
c. 2.5 d 1.5 

13. Two particles Y and Z emitted by a radioactive source at 
P made tracks in a could chamber as illustrated in the 
Fig. 9.189. A magnctic field acted downward into the paper. 
Careful measurements showed that both tracks were circular, 
the radius of Ytrack being half that of the Z track. Which one 
of the following statements is certainly true? 
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9.58 Physics fOf IIT-JEE: Electricity and Ma91lt'tism 

y 

z 

p 

Fig. 9.214 

a. Both particles Y and Z carried a positive charge 

b. The mass of particle Z was one-half that of particle Y 
c. The mass of particle Z was twice that of particle Y 

d The charge of particle Z was twice that of particle Y 

14. A potential difference of 600 V is applied across the plates of 
a parallel plate capacitor, plmes being separated by 3 mm. 
An electron projected vertically parallel to the plates with a 
velocity of 2 x uP ms- · moves undeflected between the 
plated. The magnitude o f the magnetic field in the region 
between the co ndenser plates is 

+ 

+ 

+ 

+ 

+ 

+ 

Fig. 9.215 

b. O.2T 

d 600T 

15. A proton and an a -particle enter a uniform magnetic field 
perpendicular with the same speed. lfthe proton takes 25 IJ,s 
to make 5 revolutions, then the periodic time for the a·particle 
would be 

a. 50 $Is 

c. lO).1s 

b. 25 J.1S 
d. 5).1s 

16. A charge q coulomb moves in a circle at n revolutions per 
second and the radius of the circle is r meter. Then magnetic 
field at the center of the circle is 

a. 2Jrq x 10-7 N A -I m- I b. 271q x 10-7 N A - I m- I 

'" , 
c. 271nq x 10-7 N A -I m- J d 271q NA-1 -I - - x m , , 

17. An electron is launched with ve locity v in a uniform 

magnetic field jj . The angle 8 between v and 8 li es 

ff 
between 0 and - . Its velocity vector v returns to its initial 

2 
value in a time interval of 

h ~2.::X.:;2ff::-':::" 
,n 

c. 
1(111 

d . depends upon angle between v and iJ 
,B 

18. Two charged particles having charges ql and q2 and masses 
ml and I1f.;z are projected with same velocity in a region of 
unifonn magnetic field. They fol low the trajectory as shown 
in Fig. 9. 191:, _ ______ ---, 

Fig. 9.216 

From this, we can conclude that 

0 B 

a: ql> ~ ~ql <~ 
c. ml < ff'l d. none of these 

19. A charged particle is whirled in a horizontal circle on a 
frictionless table by attaching it to a string fix ed at one end. 
If a magnetic field is switched on in the vertical di rection, 
the tension in the string 
a. will increase b. will decrease 
c. remains same d. may increase or decrease 

20. A charged pan icle moves with velocity v = 01 TJj in a 

magnetic field jj = Ai + oj . The force acting on the panicle 

has magnitude F. Then, 
a. F=O. if aO =dA. 
b.F=O.ifaD = -dA. 
c. F= 0, if aA = -dO. 
d. FIl (a2 + b1)112 X (A2 + D2)tn 

21. An electron is ejected from the surface of a long, thick 
straight conductor carrying a current, initially in a di rec tion 
perpendicular to the conductor. The electron will 
a. ultimately return to the conductor 
b. move in a circular path around the conductor 
Co gradually move away from the conductor along a spiral 
d. move in a helical path, with the conductor as the axis 

22. A particle with a specific charge s is fired with a speed v 
toward a wall at a distance d, perpendicular to the wall. 
What minimum magnetic field must exist in this region for 
the particle not to hit the wall? 
a. vlsd b. 2vlsd 
c. vl2sd d. vl4sd 

23. A particle with charge Q, moving with a momentum p, enters 
a unifonn magnetic field nonnally. The magnetic field has 
magnitude B and is confined to a region of width d. where 

d <...!!..... The particle is deflected by an angle Bin crossing 
BQ 

the field. Then, 
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x x x 

x x x 

p x x x 
Q 

x x X 

d 

Fig. 9.217 

a. sin (j = BQd b. sin(j=~ 
p BQd 

c. sinB= ~: d. sinB= pd 
BQ 

24. Electrons moving with different speeds enter a uniform 
magnetic field in a direction perpendicular to the field. They 
will move along circular paths 
a. of the same radius 
h with larger radii for the faster electrons 
c. with smaller radii for the faster elee.trons 
d. either (b) or (e) depending on the magnitude of the 

magnetic field 
25. In the previous question, time periods of rotation will be 

a. the same for all the electrons 
b. greater for the faster electrons 
c. smaller for the faster electrons 
d. either (b) or (e) depending on the magnitude of the 

magnetic field 
26. A charged particle begins to move from the origin in a 

region which has a uniform magnetic field in thex-direction 
and a uniform electric field in the y-direction. Its speed is 
v when it rea9hes the point (x. y. z). Then, v will depend 
a. only on x b. only on y 
c. on both x and y, but not z d. on x. y and z 

27.1\\'0 metal strips of length leach are placed parallel to each 
other in contact with an electric circuit as shown in Fig. 9.218. 
The entire structure is placed on a smooth horizontal floor in 
a region in which uniform magnetic fie ld is existing in vertical 
direction. 

£'-0 Wi<, 
L f---\MM~-t=O=f=m="'='="'==Jb 

(j)8 

E R f--e-l 

Fig. 9.218 

The distance travelled by the wire as a function of time is 
best given by 

I EBb 2 
a. - x--xt fort<toand 

2 Rm 

EBb 
f+--(t-Io) fort;?: to 

Rm 
I EBb b. - x __ Xt 2 forallt 
2 Rm 

Magnetics 9.59 

1 EBb 2 
c. - X -- X t for t :5 to and then the wire stops 

2 Rill 

d 
1 EBb 2 Ebb 
-x - XI forl:5to and e+-- xi fort>lo 2 2m Rm 

)2lmR where 10 = - -
EBb 

28. A particle of charge q and mass III is projected with a velocity 
1'0 towards a circular region having uniform magnetic field B 
perpendicular and into the plane of paper from point P as 
shown in Fig. 9.219 R is the radius and 0 is the centre of the 
circular region. If the line OP makes an angle B with the 
direction of 1'0 then the value of 1'0 so that particle passes 
through 0 is 

a. 
qBR 

msinB 

Magnet ic field 

, , , 
o , , 

Yo x eX x 
q,m_p 

Fig. 9.219 

b. 
qBR 

2msin e 
2qBR 3qBR 

c . d. -::-"7''-0 
msinB 2msinB 

29. A particle of charge -1.6 x 10- 18 C moving with velocity 10 
ms- 1 along the x-axis enters a region where a magnetic field 
of induction B is along the y-axis, and an electric field of 
magnitude 10 Vm-1 is along the negative z-axis. If the 
charged particle continues moving along the x-axis, the 
magnitude of B is 

a. 10-3 Wbm-2 , h 103 Wbm-2 

30. An electron moving with a speed u along the positivex-axis 
at y = 0 enters a region of uniform magnetic field which 
exists to the right of y-axis. The electron exits from the rcgion 
after some time with the speed vat coordinate y, then 

y 

X X X X 

X X X X 

X X X X 
c~ 

X X X X 
.,. 

X X X X 

Fig. 9.220 
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9.60 Physics for lIT -JEE: Electricity and Magnetism 

a. v>u,y<O h v=u,y>O 
c. v>u,y>O d v=u,y<O 

31. An electron is accelerated from rest through a potentia! 
differencp V. This elcctron experienccs a force F in a 
uniform magnetic field. On increasing the potential 
difference to V', the force experienced by the electron in the 
same magnetic field becomes 2F. Then, the ratio (V'/V) is 
equal to 

a. 

. c. 

4 

1 
1 

2 

b. ~ 
1 

d. !.. 
4 

32. A particle of charge q and ,mass m starts moving from the 

origin under the action of an electric field E = Eo i and B 
, , 

= 8 0 i with a velocity v = Vo j . The speed of the part icle 

will become 2vo after a time 

2mvo 
a.l= --

qE 

. .fjBq 
C.l=-

m,o 

hl=2Bq 
/llVo 

d. 1= .J3mvo 
qE 

, 
33. A uniform magnetic field B = 8 0 j exists in space. A particle 

of mass m and charge q is projected toward negative x-axis 
with speed v from a point (d, 0, 0). The maximum value ofv 
for which the particle does not hit the y-z plane is 

a. 2Bq h. Bqd 
dm m 
8q '8qd 

c. d. 
2dm 2m 

34. A conducting rod of mass and length e is placed over a 
smooth horizontal surface. A uniform magnetic field B is 
acting perpendicular to the rod. Charge q is suddenly passed 
through the rod and it acquires an initial velocity v on the 
surface, then q is equal to 

a. 
BI 

c. 
Bf 2m 

35. A charged particle enters a magnetic field at right angles to 
the magnetic field. The field exists for a length of 1.5 times 
the radius of the circular path of the plane. The particle will 
be deviated from its path by 
a. 90° h. sin-l(2/3) 
c. 30° d 180" 

36. A particle of charge per unit mass ais released from origin 

with velocity v = vol in a magnetic field 

B= -Bok forx:S; J3~ 
2 Boa 

andB ::: O 
.J3 Vo 

fo rx> ---
2 Boa 

Thex-coordinate of the particle at time I (> ~) would be 
. 3Boa 

a .fj -"'-- + .fj '0 ( , - ~) 
2 Boa 2 Boa 

.fj'o 'o( ") c. 2 Boa +2 /- 3Boa 

J3 Vo Vol d --+-
2 Boa 2 

37. A particle of charge per unit mass ais released from origin 

with a velocity v'" vol in a uniform 'magnetic field 

B = -Buk. If the particle passes through (0, y, O), then y is 

equal to 

h~ 
Boa 

2'0 d _l c. --
Boa Boa 

38. Same current i = 2A is flowing in a wire frame as shown in 
Fig. 9.221. The frame is a combination of two equilateral 
triangles ACD and CDE of side I m. It is placed in uniform -
magnetic field B = 4 T acting perpendicular to the plane of 
frame. 
The magnitude of magnetic force acting on the frame is 

x x X X X X 
A 

X X 

C D 

X X 

E 
X X X X X X 

Fig. 9.221 

a 24N h zero 
c. 16N d 8N 

39. An electron is moving along positive x-axis. A uniform 
electric field exists toward negative y-axis. What should be 
the direction of magnetic field of suitable magnitude so that 
net force on the electron is zero? 

a. Positive z-axis h Negativez-axis 
c. Positive y-axis d Negativey-axis 

40. A charged particle enters a uniform magnetic field with 
velocity vector at an angle of 4SO with the magnetic field . 
The pitch of the helical path followed by the particle is p. 
The radius of the helix will be 
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c . ..E... d fip 
2H H 

41. A charged particle of specific charge (charge/mass) ex is 

reieased ftom origin at timet = 0 with velocity v = vo( t + J )in 

uniform magnetic field B = Bo t. Coordinates of the particle at 

. " timet= -- are 
Boa 

(0 2'0 '0" 1 ('0" 0 -2'0 1 c. " d, , 
Boa 2Boa Boa Boa 

42. Two identical particles having the same mass m and charges 
+q and -q separated by a distance d enter in a uniform 
magnetic field B directed perpendicular to paper inward with 

• speeds v] and 1'2 as shown in Fig. 9.222. The particles will 
not collide if 

x x x x ii' 
~v, 
x x x ' x 

d 

x x x x 

0--Y2 
X X X x 

Fig. 9.222 

2m 
c.d>-(v!'+v2 ) dV]=V2 

Bq 
43. An infinitely long straight conductor is bent into the shape 

as shown in Fig. 9.223. It carries a current! ampere and the 
radius r of the circular loop is r meter. Then, the magnetic 
induction at the center of the circular loop is 

! 

Fig. 9.223 

a. zero 

c. flo 21 (7l" + 1) d /Jo 2/ (7l"-I) 
47l"r 47l"r 

44. A rectangular current carrying coil is placed in a uniform 
magnetic field B such that the sides PQ and RS are parallel toB. 
If the current in the coil is 2 A, then the torque on the coil is 

M~gnetl cs \1,61 

r 
p 

10( 

0.25 m 

s 

a. 2xlO-3Nm 
c.4xlo-3Nm 

OA m "'1 
Q 

L...o.--

r-

R 
Fig, 9,224 

h 4x lo-2Nm 
d 5x 1O-3Nm 

B 

45, Two very thin metallic wires placed along X- and Y-axes 
carry equal currents as shown in Fig. 9.225. AB and CD are 
lines at 45° with the axes with origm of axes at O. The' 
magnetic fields will be zero on the line 

y 

C 

! 

a ! 

A 

Fig, 9.225 

aAB h CD 
c, segment OB only of line AB 
d segment OC only of line CD. 

B 

x 

D 

46, A and B are two concentric circular conductors with center 0 
and carrying currents IJ and 12 as shown in Fig. ~.226 . The 
ratio of their radii is 1 ; 2 and ratio of their flux densities at 0 

! 
is 1 : 3. The value of -L is 

f, 

B 

Fig. 9.226 

a- h!. c,!. d! 
6 4 2 3 

47. In Fig. 9.227, two long parallel wires carry equal currents in 
opposite directions. Point 0 is situated midway between the 
wires. The X-Y plane contains the two wires and 'the 
positive Z-axis comes normally out of the plane of paper. 
The magnetic field B at 0 is non-zero along 
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11.62 Pf1ysics for UT.JEE: Electricity and Magneti~m 

r 

I 
o 

x 

z 

2d - -

Fig. 9.227 

a. X -ax.es, Y -ax.es and Z-axes h X-axis 
c. Y-ws d -Z-axis_ 

48. 'IWo long parallel wires are at a distance 2d apart. They carry 
steady equal currenls flowing out of the plane of the paper 
as shown in Fig. 9.228. The variation of magnetic field 8 
along the line XX' is given by 

B B 

~i 
t t 

il
x

. (x. x 
x\! · • ~ 

• d d d d 

•• b. 

B 

t B 

t 
x, "",:-<$--El'-l!l-= X' 

~\ .... i(~ 
'd d' 

,'. 
Fig. 9.228 

49. A straight section PQ of a circuit lies along the x-axis from 
x = -(al2) to x = +(al2) and carries a steady current 1. The 
magnetic field due to the section PQ at a point x = +0 
will be 

So proportional to 0 h proponional lo a2 

c. proponional lo ( I/a) d. equal 10 zero 
SO. A circular current carrying coil has a radius R. The distance 

from the center of the coil on the axis where the magnetic 
induction will be ( JI8)1h of its value at thecenter of the coil, is 

a RI.J3 b R.J3 <.2R.J3 d (2.J3)R 
51. A square. conducting loop of side length L carries a current 

1. The magnetic field at the center of the loop is 
a. independent of L h proportional to ~ 
c. inversely proportional co L d lincarly proportional to L 

52. The plane of a rectangular loop of wire with sides 0.05 and 
0.08 m is parallel to a uniform magnetic field of induction 1.5 
x 10-2T. A current of 10.0 ampere flows through the loop. If 
the side of length 0.08 m is normal and the side of length 0.05 

m is paral lel to the lines of induction. then the torque acting 
o n the loop is 

a. 6CO:>Nm b zero 
c. 1.2 x 10-2 Nm d 6x10-4 Nm 

53. A current of 11(4", ampere is flowing in a long straight 
conductor. The line integral of magnetic induction around a 
closed path enclosing the cu.rrent carrying conductor is 

a. 10-' Wb m- t 

b. 4R'X 10-' Wb m- I 

c. 16rx 1O-'Wbm-1 

d zero 
54. '!\vo circular coils P and Q are made from similar wires but the 

radius of Q is twice that of P. What should be the value of 
potential difference across them so that the magnetic 
induction at their centers may be the same? 

a. Vq=2 Vp b. Vq=3 Vp 

<.V, =4Vp d V = _1_ 
• 4V , 

55. A circular loop is kept in that vertical plane which contains 
the north-south direction. It carries a current that is toward 
north at the topmost point letA be a point on the axis of the 
circle to the east of it and B a point on this axis to ~he west of 
it. The magnetic fi eld due to the loop 

a. is toward east at A and toward west at B 
h is toward west at A and toward east at B 
c. is toward east at both A and 8 
d is toward west at both A and B 

56_ A current i is uniformly distributed over the cross section of 
a long hollow cylindrical wire of inner radius Rl and outer 
radius R2. Magnetic field B varies with distance r from the 
axis of the cylinder as 

Fig. 9.229 

57_ TWo parallel wires carry currents of20 and 40 A in opposite 
directions. Another wire carrying a current antiparallel to 20 
A is placed midway between the two wires. The magnetic 
force on it will be 
a. toward20-A h toward 40 A c. zero 
d perpendicular to the plane of the currents 

58. The resistances of three parts of a circular loop are as shown 
in Fig. 9.230. The magnetic field at the center 0 is 
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R B , 

" a! 2 R 

---;I--;1A ----& 120· 

120· " 
\ 

R C 

Fig. 9.230 

a !4JI b. J.ifJI c. ~' /41 
6a 3a 3a 

d zero 

59. Five very long, straight insulated wires are closely bound 
,together to form a small cable. Currents carried by the wires 
are: 11 = 20 A, /2 = -6 A, 13 = 12 A, 14 = -7 A, Is= 18 A. 
[Negative currents are opposite in direction to the positive.] The 
magnetic field induction at adistance of 10 em from the cable is 
a. 5)lT h. 15)1T c.74).LT d. 1281lT 

60. The magnetic induction at the center 0 (Fig. 9.206) is 

, , , , , ", , 
o 

Fig. 9.231 

I 

b 

a. flo1 + flo! ® h 3J101 + Pol ® 
2a 2b Sa 8b 

c. 3J101 _ J101 €I d 3/lo1 + Pol e 
Sa 8b 8a 8b 

61. The magnetic field at the center 0 ofthe arc in Fig. 9.232 is 
I 

-~;,--,-0'/ ; 
" / 
\, 90° ,/ 
'{j' 
o 

Fig. 9.232 

h 1'1 [tr+ 1C,J2-1)] 
27fr 4 

C. Po x!"'[.fi +'!..] 
41l' r 4 

62. In Fig. 9.233, there are two semicircles of radii r 1 and r2 in 
which a current 1 is flowing. The magnetic induction a the 
center 0 will be 

a. fJo (Ii +rz) , 

Fig. 9.233 

Magnetics 9.63 

c. fJo1('i+rz) c. fJo1(rz-''i) 
4 1jrz 4 1jr2 

63. Three long, straight and parallel wires are arranged as shown 
in Fig. 9.234. The force experienced by lO cm length of wire Q 
is 

R Q 

ZCIn IOcm 

20A IDA 

Fig. 9.234 

a. 1.4 x 10-4 N toward the right 
h 1.4 x lO-4 N toward the left 
c. 2.6 x 10-4 N toward the right 
d 2.6 x lO-4 N toward the left 

p 

30A 

64. Two long thin wires ABC and DEF are arrange as shown 
in Fig. 9.235. They carry equal currents I as shown. The 
magnitude of the magnetic fie ld at 0 is 

: F , , , 
, " ~. . I 
: 

A B i I D 

I : 0 E , 
: 

. . ..J 
" : 

I : : 
C 

Fig. 9.235 

a. zero . h flr:!J47rG 

c. floll27ra d J1r:/12..fi 7rG 
65. The magnetic field at. 0 due to current in the infinite wire 

forming a loop as shown in Fig. 9.236 is 

I 

, , ' 

I
"')" . " ,'/ T 

_-,_~_._ .. ~~'~~~~~~:~~':~um d I 

o 
Fig. 9.236 
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11.64 PhysIcs for IIT·JEE! Electricity ~nd Magnetism 

" 
8, Jio l (cosA +cos9:!) 

4Jrd 

c • . Po L (sin ¢'! +sin9:!) d Jlo L (cos e. +sin~) 
4lfd . 41!d 

66. A current I nows a thin wire shaped as regular polygon of n 
. sides which can be inscribed in a circle of radius R. The 

magnetic field induction at the center of polygon due to one 
side of the polygon is 

L p"l ( Ian !!) h Pol tan!! 
"R n 41!R n 

c. Pol (tan!!) d /lol (cos!!) 
21fR n 2"R n 

67. A coil having N turns is wound tightly in the fonn ofa spiral 
with inner and outer radii a and b, respectively. When a 
current j passes through the coil, the magnetic field at the 
center is 

&!!.. a. b 
b. 2p"NI 

a 

c. IioNI In£ d. POI
N In~ 

2(a - b) a 2(b -a) a 
68. A loop of flexible conducting wire of length ( lies in 

magnetic field B which is normal to the plane of loop. A 
current I is passed through the loop. The tension developed 
in the wire to open up is 

b. Bll 
2 

Bit 
c. - d. Bll 

2" 
69. Fig. 9.237 shows three long straight wires P, Q andR nonnal 

to the plane of the paper. Wires P and R carry currents 
directed into the plane of the paper, and wire Q carries a' 
current directed out of the paper. All three currents have the 
same magnitude. 

8'~--_Ak\P 

E 

D 

Fig. 9.237 

Which arrow best shows the direction of the resultant force 
on wire P? 
a.A 
c. C 

b. B 
d. D 

70. A wire is bent in the form of a circular arc with a straight 
portion AB. Magnetic induction at 0 when current I is 
flowing in the wire, is 

I 

, . 
r: 88 'or " '. " '. c 8 

Fig. 9.238 

c. pol (,, - 8 +tan8) d Pol (-tan8+,,- '8) 
2"r 2m 

71. The field normal to the plane of a wire of n turns and radius 
r which carries a current I is measured on the axis of the coil 
at a small distance h from the center of the coil. This is 
smaller than the field at the center by the fraction 

3h2 2h2 3r2 2r2 
8, ' - - h - - c -- d--

2r2 3r2 '2h2 3h2 
72. 1\vo identical wires A and B have the same length l and carry 

the same current I. WireA is bent intoa circleof mdiusRand 
wireB is bent to fonn a square of side a. 1f BI and 8 2 are th~ 
values of magnetic induction at the center of tbe circle and 
the centre of the square, respectively, then the ratio BI1B2 is 

8, (,,218) h (,,2 /8../2) 
c. (", 116) d (", 116.J2) 

73. Two circularcoilsXand Y, having equal number oftums and 
carrying equal currents in the same sense, subtend same 
solid angle at point O. If the smaller coil X is midway between 
o and Y and if we represent the magnetic induction due to 
bigger coil Yat 0 as B y and that due to smaller coil X at 0 as 
Bx, then 

y 

I -.........x 

\ 

B a. -L.= l 
Bx 

f"I---_ 
-- d ·--'2::>0 

Fig. 9.239 

h Br =2 
Bx 

74. A conducting rod of length l and mass m is moving down a 
smooth inclined plane of inclination 8with constant velocity 
v. A currenl j is flowing in the conductor in a direction 
perpendicular to paper inward. A vertically upward magnetic 
field B ex ists in space. Then, magnitude of magnetic field 
8 is 
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, . , 

v 

8 Side view 

Fig. 9.240 

& ~: sin8 h ~: tan (J 

c. 
'mg cost) 

Ie 
mg 

d. itsin 8 
75. A given length of wire can be bent to form a circle or a 

square of single tum and a current may be established in it. 
The ratio of magnetic induction at the center of the square 
to the magnetic induction at the center of circle is 

" s. 2../2 
b. 4../2 

,,' 
,,' 

c. 8../2 d. I : I 

76. Four infinite thin current carrying sheets are placed in yz 
plane. The 2D view of the arrangement is as shown in 
Fig. 9,241. Direction of current has also been shown in the 
figure. The linear current density. j,e., current per unit width 
in the four sheets are /, 21, 31 and 4/, respectively. 

Y I II III IV 

Fig. 9.241 

The magnetic field as a function of x is best represented by 

B 

--------------------"'iO 
• • • • ---------------,............J : 

• • • • • • --------.......-----J : 
• • • • 

~--~·--~~_f·~~~X 
a2a3a4aSa 

Magnetics 9.55 

B 

..........••..• j ...... :---' 

• • • 
: I : -.• - ............. t-----; : 

: : : : 
I-__ --j· __ -::if---_~·l· --cL•• ----,.-_ X 

a: 2h Ja 4a Sa 
...•••••• Ci ___ ! 

b. 

Fig. 9.242 (Contd.) 

B 

.......... __ .... _ ... ...----, 

i i 
• • • • • • ...... -~-..... r--' i ' . . : ' , r--t. --+.--'----~-... _ X 

a: 2b 3a 411 Sa 
• • ---.... ~ 

<. 
B 

...... ---.-..... ~ 
: : 
i : +,01 r--.--.... ~-............. ~ 

: : : : : 
I-__ -ii __ -,i>-_-:+, __ -+i --~'I-~X 
u __ u~.I,-_-,2! JU Sa 

d. 

Fig. 9.242 

77. A square loop of wire carrying current J is lying in the plane 
of paper as shown in Fig. 9.243. The magnetic field is present 
in the region as shown. 

R 

K r-----t-. ------, L 
• -> . • 

p .•••• ----F+-------- ----- Q 

• • • M' '--__ +-_----' N 

s 

Fig. 9.243 
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9.66 Physics for IIT-JEE: Electricity and Magnetism 

~The loop will tend to rotate 
a. about PQ with KL coming out of the page 
b. about PQ with KL going into the page 
c. about RS with MK coming out of the page 
d. about RS with MK going into the page 

78. An electric current j enters and leaves a uniform circular 
wire of radius a through diametrically opposite points. A 
charged particle q moving along the axis of the circular wire 
passes through its center at speed II. The magnetic force 
acting on the particle when it passes through the center has a 
magnitude 

a. 'qllx POi h qllX poi c. qvxJ10i d zero 
2a 2J1'a a 

79. A conducting loop is placed in a magnetic field (uniform) as 
shown in Fig. 9.219. 

R 

I 

Fig. 9.244 

For this situation. markout the correct statement. 
a. The force of compression experienced by loop is IRB 
h The force of compression experienced by loop is 21RB 
c. The force. of expansion experienced by loop is IRB 
d The force of expansion experienced by loop is 21RE 

80. A steady current is flowing in a circular coil of radius R, 
made up of a thin conducting wire. The magnetic field at the 
center of the loop is BL• Now, a circular loop of radius Rln is 
made from the same wire without changing its length. by 
unfolding and refolding the loop, and the same current is 
passed through it. If new magnetic field at the center of the 
coil is Bf' then the ratio BdBc is 
a.l:n b.n l12 

c, n : 1 d. none of these 
81. The magnetic field at the center of the circular loop as shown 

in Fig. 9.245, when a single wire is bent to form a circular loop 
and also extends to form straight sections, is 

\ 

I 

. . 
A 

Fig. 9.245 

b -1+- 0 1101 ( I) 
2R ~J2 

/10 1 
( I) c. 2R 1- ;r..fi ® 

d. 110 /(1 __ 1_)0 
R ~J2 

82. Two parallel wires carrying equal currents in opposite 
directions are placed at x = ±a parallel to y-axis with z = O. 
Magnetic field at origin 0 is Bl and at P (2a, 0, 0) is 8 2, 

Then, the ratio Bl'B2 is 

a.-3 

I 
c. -3 

I 
b. --

2 

d2 

83. Fig. 9.246 shows three cases: in all cases the circular part has 
radius r and straight ones are infinitely long. For the same 
current the field B at center P in the three cases (8): 82 : 

83) is 

11 J_p ______ . 
CD 

CD 

----y ------U ... -
CD 

Fig. 9.246 

.. HHH(3:-n 
b (-~+I H~+ I) (3: +~) 
c. ( _~ ). ( ~). ( 3: ) 
d. (-~-I H~-± )f: +~) 

84. An otherwise infinite, straight wire has two concentric loops 
of radii a and b carrying equal currents in opposite 
directions as shown in Fig. 9.247. The magnetic field at the 
common center is zero for 
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Fig. 9.247 _ 
,,-1 

h 

_ 

" a. -=-- -=--
b " b ".1 _ 

,,-1 
d 

a ".1 
c, -=-- -=--

b 1r+ 1 b ,,-1 
85. Currents II and 12 flow in the wires shown in Fig. 9.248. The 

field is zero at distance x to the right of O. Then 

· · • 

-Ll
,: 

II 0 (a, 0) 11 

(-Q,o)-'--'"'-r---
L, 
: 
• : 

Fig. 9.248 

& X=(t,)- hX=(;;)_ 
c. x=(!.c.ll.)a d X=( II +/2)-

/1 +/2 11-/2 

86. For c = 2a and a < b < c, the magnetic field at point P will be 
zero when 

a. a =b 

y 

_0- _________ x 

Fig. 9.249 

3 
h a =-b 

5 
5 I c. a=-b d a=-b 
3 3 

87. An infinitely long conductor PQR is bent to form a right 
angle as shown in Fig. 9.250. A current I flows throughPQR. 
The magnetic field due to this current carrying conductor at 
the point M is B1• Now, another infinitely long str~ight 

conductor QS, is connected at Q so that the current is 1. / in 
. 2 

QR as well as in QS, the current in PQ remaining unchanged. 

Magnetics !Mi7 

The magnetic field at M is now 8 2, The ratio !!i is given by 
B, 

:M 
• • • • • • • 90· , 

__ L.~ .......... L.._ 
I Q

j 
90" 

&1/2 
c.2/3 

• iR 
Fig. 9.250 

hi 
d2 

88. The magnetic field due to a current carrying circular loop of 
radius 3 cm at a point on the axis at a distance of 4 cm from 
the center is 54 mT. Its value at the center of the loop will be 

a. 250JlT h 150JlT 
c. 125 JlT d 75 JlT 

89. Two concentric coils, each of radius equal to 2p em, are 
placed at right angles to each other. Currents of 3 and 4 
A, respectively, are flowing through the two coils. The 
magnetic induction, in Wb m-2, at the center of the coils will 
be [.uo = 41l'x 1O-7 Wb(Amr1] 

a.5xlO-~ 
c.12xlO- j 

b.7xlO-5 

d. IO-~ 

90. A wire carrying current I and an other carrying current 21 in 
the same direction produce a magnetic field B at the· mid
point. What will be the field when current 21 is switched off? 
a. BI2 b. 2B 
c.B d.4B 

91. A uniform current carrying ring of mnss m and radius R is 
connected by a massless string as shown in Fig. 9.251. A 
uniform magnetic field Bo exists in the region to keep the ring 
in horizontal position, then the current in the ring is 
(I = length of string) 

mg .. --
1l'RBo 

mg c.--
31l'RBo 

-B. 
Fig. 9.251 

b. mg 
RB. 

~ d. , 
1l'R Bo 

92. A long, straight, hollow conductor (tube) carrying a current 
has two sections A and C of unequal cross sections joined 
by a conical section B. 1, 2 and 3 are points on a line parallel 
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!Mla: Physics for IIT·JfE: Elect ricity and foiagnetism 

to the axis of the conductor. The magnetic fields at I, 2 and 3 
have magnitudes HI' B2 and 8). Then, 

a.BI =8,=IJJ 
b.8 1 =Ba'ltB3 
c. 8 1 <8,<B) 

B 

c·q:::J 
Fig. 9.252 

2 

l 

d. B, cannot be found unless the dimensions of the section 
Bare known 

93. A coaxilll cable consists of a thin inner conductor fixed along 
the axis of a hollow outer conductor. The two conductors 
carry equal currents in opposite directions. Let 8 I and Bl be 
the magnetic fields in the region between the conductors 
.!'rnd outside the conductor, respectively. Then. . 
a.Bl fIlO.~ ~O b. BI =8,=0 
c.HI¢O.B,=O d. B1=O.B2 ;t0 

94. A conductor AB of length L carrying a current 1', is placed 
perpendicular to a long straight conductor XY carrying a 
current I, as shown in Fig. 9.228. The force on AS has 
magnitude 

POI'11 2 a --og 
2~ 

3Po/'/] 3 
c. --z;- og '2 

;1 < ." B 

FL 
xi 

Fig. 9:253 

b. /101'l10g3 
2~ 

d 2/Jo l '/ 
3~ 

95. A circular coil having mass m is kept above the ground 
(x-~ plane) at some height. The coil carries a current i in the 
direction shown in Fig. 9.254. In which direction a uniform 

magnetic fie ld jj be applied so that the magnetic force 
balances the weight of the coil? 

y 

, 
, 

Fig. 9.254 

A. Posltivex·direetion B. Negativex-direction 
c. Positive z-direetion d None of these 

%. The magnetic field at the center of an equilateral triangular 
loop of side 2L and carrying a current i is 

:!& . b ~/lQi •• • 4KL 4nL 
2.[i/IQi 

c.fJ:" d. 3/ini 
4~L 

97. Two wircs AO and OC carry equal currents i as shown in 
Fig. 9.255. One end of both the wires extends -to infinity. 
AngleAOCis a. 

~ ..... . 
o c 

Fig. 9.255 

The magnitude of magnetic field at a point P on the bisector 
of these two wires at a distance r from point 0 is 

a. Po !cot(!!') b. Po !cot(!!.) 
21rr 2 41%'r 2 

. (I+COS~) 
&,.' 2 

c. 2~; . (") sm -
2 

d. 110 ~(!!.) 
4n r 2 

98. Equal currents I = I A are flowing through the wires parallel 
to y-axis located at x = + I m, x = +2 m, x = +4 m, etc. but in 
opposite directions as shown in Fig. 9.256. The magnetic 
field (In tesla) at origin would be , 

-irt.--t,,-t ••• , 

Fig. 9.256 

• • 
a. -1.33 x 10-' k b. 1.33 X 10'" k 

• • 
c. 2.67x 10-' k d. -2.67 X 10-7 k 

99. Same current i is flowing in three infinitely long wires along 
positive x-,y- and z-directions. The magnetic field at a point 
(0, 0, -0) would be 

1!i..( ':) a. )- I 
2~a 

b •. /in i (7+}) 
2~a 

pi" " poi (7+ }+k) c .. ~(i-j) d. 
2~0 2~a 
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100. Two very long straight parallel wires carry steady currents i 
and 2i in opposite directions. The distance between the 
wires is d. At a certain instant of time, a point charge q is at 
a point equidistant from the two wires in the Iilane of the 
wires. Its instantaneous velocity v is perpendic1ular to this 
plane. The magnitude of the force due to the magnetic field 
acting on the charge at this instant is 

a. /JQiqv h /JQiqv 
2~d ~d 

c. 3,uolqv d zero 
2"d 

101. A metallic wire is folded to form a square loop of side a.lt 
carries a current i and is kept perpendicular to the region of 
uniform magnetic field B. If the shape of the loo~ is changed 
from square to an equilateral triangle without changing the 
length of the wire and current, the amount of work done in 
doing so is 

~ Bla' (1- 4f) h Bla'(I-~) 
Co i Bia2 d zero 

102. A charged particle moving along + ve 'x·direction with a 
velocity venters a region where there is a unifonn magnetic field 

Bo (-f), from x = 0 tox = d. The particle gets 'deflected at an 

angle Bfrom its initial path. The specific charge of me particle is 

IIcosB 
~-

Bd 

®®®®B 

Fig. 9.157 

vtan9 
h 

Bd 
vsine 

d 
Bd 

103. Two infinite wires, carrying currents i] and Il' are lying a10ng 
x· and y·axes, as shown in the x-y plane. Then, 

y 

I, . 

--~-;-, 
I, 

FIg. 9.258 

It. locus of points where B is zero is a circle 
h locus of points where B is zero is a line 
c. B decays hyperbolically along any line parallel to 

x·axis 

~." 

d 'B decays hyperbolically along any line parallel to y-axis 
104. In Fig. 9.259, a cOil of single '-urn is wound on a sphere of 

radius r and mass m. The plane of the coil is parallel to the, 
inclined plane and lies in tbe equa.torial plnne of the sphere. 
If the sphere is in rotational equilibrium, the value of B is 

mg 
~

Kir 

I 
• 

[Current in the coil is I) 

• 
mg 

FIg. 9.259 

h mgsin9 

"I 

Co mg ~n 8 d. none of these 

105. Three particles, an elec~ron (e), a proton (p) and a helium 
atom (He) are moving in circular paths with constant speeds 
in thex-y plane in a region where a unifonn magnedc field B 
exists along z-axis. The times taken bye, p and He inside the 
field to complete one revolution are tel tp and tHe respectively. 
Then, 

a. t(Je>tp=te h tHe>tp>te 
c. tHe = tp = 'e d. none of these 

106. A long cylindrical wire of radius 'a' carries a current I 
distributed uniformly over its cross section. If the magnetic 
fields at distances rand R from the axis .have equal 
magnhude, ,-hen 

R+r ~ a.a=- ha."Rr 
2 

c.a=RrI R+r d a_R1lr 
107. A small current carrying ring, having current 10 and radius R, 

is kept in x-y plane (the plane of paper) as shown iJ1. 
Fig. 9.260. Another current carrying small ring having radius 
r (r« R) is kept at a dist~ce dfrom the center of first ring in 
a plane perpendicular to x-y plane such that the ,centers of 
both rings lie on the same line. The torque acting on the 
second ring due to the magnetic field of first ring is 

I 

CU , 

L , d 

~ R 

FIg. 9.260 
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~.70 ?h~sics for IIT-JEE: Electricity and Magnetism 

. 'R2 2 
C &1ri ' R2,2d d /10 10 ' r 
• 2 0

' 
4 d3 

108. The rigid conducting thin wire frame carries an electric 
current I and this frame is inside a constant magnetic field jj 
as shown in Fig. 9.261. Then, 

Q 

I ~ i/. ",,""' 
P R 

Fig. 9.261 
a. the net magnetic force on the frame is zero but the torque 

is not zero 
h the net magnetic force on the frame and the torque due to 

magnetic field are both zero 
c. the net magnetic force on the frame is not zero and the 

torque is also not zero 
d none of these 

109. An electron moving in a circular orbit of radius R makes n 
rotations per second, The magnetic field strength at the 
c~nter has magnitude 

2Pone .. -
R 

b. /Jo ne 
2R 

c. pone d zero 
nR 

110. Fig. 9,262 shows a conducting loop ABCDA placed in a 
uniform magnetic field (strength B) perpendicular to its 
plane. The part ABC is the (3/4)th portion of the square of 
side length t. The partADC is a circular arc of radius R. The 
points A and C are connected to a battery which supplies a 
current I to the circuit. The magnetic force on the loop due to 
the field B is , , , 

, , , 
, , '. , , , 
, , , , 
, , , , 

Fig. 9.262 

.. uco h Bil 

c.2BIR d BI tR 
I+R 

111. Two infinite long wires, each carrying current I, are lying 
along x- and y-axis, respectively. A charged particle, having 
a charge q and mass m, is projected with a velocity u along the 
straight line OP. The path of the particle is (neglect gravity) 

,'- P 

I " ,.-
, '~~. 

o I 

Fig. 9.263 

a. straight line b. circle 
c. helix d cycloid 

112. A small block of mass m, having charge q, is placed on a 
frictionless inclined plane making an angle (J with the 
horizontal. There exists a uniform magnetic field B parallel to 
the inclined plane but perpendicular to the length of spring. 
If m is slightly pulled on the incline in downward direction, 
the time period of oscillation will be (assume that the block 
does not leave contact with the plane) 

Fig. 9.264 

a. 2n~ b. 2nffj 

c. 2n~ d 2n)~~ 
113. A uniform conducting rectangular loop of sides t, band 

mass m carrying current i is hanging horizontally with the 
help of two vertical strings. There exists a uniform horizontal 
magnetic field B which is parallel to the longer side of loop. 
The value of tension which is least is 

Fig. 9.265 

& 
mg-Bb h 

mg+Bb 

2 2 

c. 
mg-2iBb d 

mg+2Bb 

2 2 
114. In Fig. 9.266. infinitecondueting rings each having current i 

in the direction shown are placed concentrically in the same 
plane as shown in the figure. The radii of rings arer, 2r, 22r. 
2~r, ... ,00. The magnetic field at the center of rings will be 

a. zero 

14>i c.-
2, 

1 
Fig. 9.266 

b. Poi 

d l4;i 
3, 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



115. A particle of specific charge !L = tr Ckg- I is projected from 
m 

the origin towards positive x-axis with a velocity of 10 ms· 1 in 

a uniform magnetic field· jj = -2£ T. The velocity ii of 

particle after time t = l~ s will be (in ms- 1
) 

a.S[i+.J3JI h s[.J3i+Jl 

c.5[.J3i-J I d.5[i+JI 
116. There is a conducting ring of radius R. Another ring having 

current i and radius r (r« R) is kept on the axis of bigger 
ring such that its center lies on the axis of bigger ring at a 
distance x from the center of bigger ring and its plane is 
perpendicular to that axis. The mutual inductance of the 
bigger ring due to the smaller ring is 

a. J.vrR1rl h 
(R2+x2)3/1 

!JfI!rR2r1 

4(R1 +x2)l/2 

!4J!rR1r1 

117. There is a horizontal cylindrical uniform but time-varying 

magnetic field increasing at a constant rate dB as shown in 
dt 

Fig. 9.267. A charged particle having charge q and mass m is 
kept in equilibrium. at the top of a spring of spring constant 
K. in such a way that it is on the horizontal line passing 
through the center of the magnetic field as shown in the 
figure. The compression in the spring will be 

o 
0. 00 

o : ~-0-- --:-------1 
Fig. 9.267 

a. -'-[m8 _ qR' dB] 
K 2i dt 

h - mg+--1[ QR'dB ] 
K l dt . 

c . ..!. [mg + 2qR2 dB] 
K . l dt 

1 [ qR
2 

dB ] d. - mg+ - -
K 2t dt 

118. A charged particle of mass 2 kg and charge 2 C moves with 

a velocity ii = sf +6) ms-1 in a magnetic fi eld B = 2£ T. 
Then 

9 . the path of particle may be x2 + yl = 25 
b. the path of particle may be ~ + 1.2 = 25 
c. the time period of particle will be 3.14 s 
d. none of these 

119. In Fig. 9.268. there is a uniform conducting structure in 
which each small square has side a. The structure is kept In 
a uniform magnetic field B; Then 

Magnetics 9.71 

x x x 
X G D 

A 

X X X 

oj' 0 
F 

X X X 

B 
H C -• 

Fig. 9.268 

a. th~ magnetic force on the structure is 2./2 lBa 
h the potential of point B = potential of point D 
c. potential of point 0 = potential of point B 

d the magnetic force on the structure is ./2 iBa 
120. A very long straight conducting wire. lying along the 1.-axis. 

carries a current of2A. The integral pB ·dt Is computed 

along the straight line PQ, where P has the coordinates 
(2 em, 0, 0) and Q has the coordinates (2 cm, 2 em, 0). The 
integral has the magnitude (in 8.1. units) 

a. zero h 8nx 10-7 

c. 2m< 10-7 d !rX 10-7 

121. A long wire bent as shown in Fig. 9.269(a)canies cumnt I . If 
the radius of the semicircular portion is a, the magnetic field 
at the center C is 

/1QI 
a -

4. 

x 

/1QI /1QI 
c. - +-

4a 4!ra 

z 

r-+-f-+- Y 

. . 
Fig. 9.269(0) 

h /1Q I ~'" +4 . 4n. 

d /1QI J(n' - 4) 
4n. 

122. A long straight wire and a circular loop carry currents I . and 
12, respectively. and are in the same plane. If the magnetic 
field at the center of the loop is zero, then 
a./. =2tr/J h II =211 
c. l l = 12 d 12 = 2trll 

123. A charged particle moves insides a pipe which is bent as 

shown in Fig. 9.269(b).lf R < ~ ,then force exerted by the 
qB 

pipe on charged particle at P is (Neglect gravity) 

q v 
Flg.9.269(b) 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



11.72 Physics for IIT·JEE: Electricity and Magnetism 

a. Towards center h away from center 
c. zero d none of these 

124. An infiJ;litely long current carrying wire carries current i. 
A charge of mass m and charge q is projected with speed v 
parallel to the direction of current at a distance r from it. 
Then, the radius of ~urvature at the I'0int of projection is 

a. 2rmv h. 2Jt'~v 
qJ.1fJ1 q~1 

e. r d. cannot be determined 
125. TWo positive charges ql and q2 are moving with velocities 

vI and V2 when they are at points A and B, respectively, as 
shown in Fig. 9.270. The magnetic force experie-nced by 
charge q] due to the other charge ql is . 

& 

c, 

7,;o~~ .... :'h 
, , , , 

Pllqlq2vlv2 

SJifta2 

PllQ!Q2vlv2 

-2..[2 tea 2 

(0, -II) ~ V2 ," B 

Fig, 9.270 

b 

Ii 

PllQ]Q2V1Vl 

4.fitea2 

PllQ1Q2vlv2 

.fi tea2 

126. Consider a hypothetic spherical body. The body is cut into 
two parts about the diameter. One of hemisphericall'ortion 
has mass distribution m while the other portion has identical 
charge distribution Q. The body is rotated about the axis with 
constant speed tV. Then, the ratio of magnetic moment to 
angular momentum is 

&.!L 
2m 

Fig. 9.271 

h >...!l.-
2m 

c. <...!l.- d. cannot be calculated 
2m 

127. A·particle of charge per unit mass ais released from origin 

with velocity V = -Yo J in a magnetic field 

- • .fj Vo 
B=-Bok forx::> --

2 Boa 

- .fj Vo 
and B=Oforx> ---

2 Boa 

The x-coordinate of the particle at time t (> --'I-) would 
3Bo« 

be 

a. Jj.!L + ..fj Vo (t _ J!....) 
2 Boa 2 Boa 

.fjVo ( ") b, ---"'-+vo t---
2 Boa 3Boa 

.fj Vo vo ( " ) c. "2 Boa +'2 t- 3Boa 

d .J3 ..!2...+~ 
2 Boa 2 

128. The circular coils A and B with their centers lying on the 
same axis have same number of turns and carry equal 
currents in the same sense. They are separated by a distance, 
have different diameters but subtend same angle at a point P 
lying on their common axis. The coil B lies exactly midway 
between coilA and the pointP. The magnetic fields at point 
P due to caUsA and B areBI and B2, respectively. The ratio 
BI/82 is 
8.B I >B2 b.BI <B2 
c.B]IB2 =2 d.B I /B,,=1/2 

129. Consider six wires coming into or out of the page, all with the 
same current. Rank the line integral of the magnetic field 
(from most positive to most negative) taken counter
clockwise around each loop shown. 

Loop B / ___ ,I.o;" C 

LoopD 
Loop A 

Fig, 9,272 

a. B>C>D>A h B>C=D>A 
c.B>A>C=D d. C>B=D>A 

130. A positively charged disk is rotated clockwise as shown in 
Fig. 9.273. The direction of the magnetic field at point A in 
the plane of the disk is 

Fig, 9.273 

, 
• 
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a. ® (into the page) h 3/4 ~ 
c. E-3/4 d 0 (out of the page) 

131. An electron and a proton each travel with equal speeds 
around circular orbits in the same unir"' ~;11 magnetic field as 
indicated (not to scale) in Fig. 9.274. The field is inlo the 
page on the diagram. The electron travels _ _ _ around 
the circle and the proton travels _ __ _ 
around the circle. 

", .... -...... . 
:' -., 

/ ...... ,.' " 
:' " ® : \ 
\ I I.. ..J ' ...... .' i 

\" " .. ,/ ...... 
Fig. 9.274 

a. clockwise, smaller, counterclockwise, larger 
h counterclockwise, larger, counterclockwise. smaller 
Co clockwise, larger, counterclockwise, smaller 
d counterclockwise.largei, clockwise, smaller 

132. Fig. 9.275 shows two long wires carrying equal currents II 
and 12 flowing in opposite directions. Which of the arrows 
labeled A to D correctly represents the direction of the 
magnetic field due 10 the wires at a point located at an equal 
distance d from each wire? 

a.A 

J, 11 

@--- ----~- ----® 
.~""". /~/{ , 

D 

Fig. 9.275 

c 

hB c. e dD 
133. Fig. 9.276 shows four different sets of wires that cross each 

other without actually touching. The magnitude of the 
current is the same in all four cases and the directions of 
current flow are as indicated. for which configuration will 
the magnetic field at the center of the square formed by the 
wires be equal to zero? 

,C] 
I ItOtl 
I .. , . 

"0" 
I 

11011 
I ,. ,. 

Fig. 9.276 

Magnttk' 9.73 

134. When a charged particle moving with velocity venters a 
region containing a perpendicular magnetic field. it moves 
along a semicircular path of radius 'r' as shown in Fig. 9.277. 
Consider the following two statements: 
(I) The radius 'r' of the semicircle is proportional to the initial 

speed \/. 
(II) lbe time required for the panicle to traverse the semicircle 

is independent of v. 
Then. 

v 0 0 
q 

~ 0 

" 0 0 
0 0 
\!! 0 
0 0 

Fig. 9.277 

A. I is true, but II is incorrect. 
B. I is incorrect while II is true. 
C I is true, II ;s also true and the two statements are 

independent. . 
D. I is true, II is also true and II is the cause of I. 

135. Four parallel conductors, carrying equal currents, pass . 
vertically through the four comers of a square WXYZ. In 
two conductors, the current is nowing into the page, and in 
the other two out of the page. In what directions must the ' 
currents now to produce a resultant magnetic field in the 
direction shown at 0, the center of the square? 

w X 
f · · ········· .. ·: 

:-0 
ima~~e~~~a~~ld 

· · · 

. , . ............... 
z y 

Fig. 9.278 

Into the page Out of the page 
XandZ 
Wand Y 
Xand Y 
YandZ 

a. Wand Y 
h X andZ 
Co WandZ 
d WandX 

136. In a region of space, a uniform magnetic fi eld B exists in the 
x-direction . . An electron is fired from the origin with its 
initial vel~i,ty u making an angle a with the y-direction in 
the Yl. p1ane. In the subsequent motion of the electron, 

y 

a _8 

Fig. 9.279 
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9.74 Phys1cs for IlT·JEE: Elefiricity and Magnetism 

a. y·coordinate of the electron will never be negative 
h. z·coordinate of the electron will never be negative 
c. x·coordinate of the electron will never be negative 
d. trajectory of the electron would be helical 

137. An infmitely long wire carrying current I is along Y·axis 
such that its one end is at point A (0, b) while the wire 
extends upto +00. The magnitude of magnetic field strength 
at point (a. 0) is 

, , , 

-
I 

..... ~ ..... --.. ----------.. 
(0,0) : (a, 0) , 

Fig, 9,280 

1101(1 b) & -- + 
4;ra ~a2 +b2 

~ :;~ (~a2b+b2 ) d none of these 

138. A steady current is set up in a cubic network composed of 
wires of equal resistance and length d as shown in Fig. 9.281. 
What is the magnetic field at the center P due to the cubic 
network? 

110 21 
&--

4n d 

A 

H 

B c 

/ D/ 
.p 

/ 1/ 
F 

G 

I ( , 
Fig. 9.281 

110 31 
h 4;r.[id c.O 

139. An electron moving with velocity v along the x-axis 
approaches a circular current carrying loop as shown in 
Fig. 9.282. The magnitude of magnetic force on the electron at 

this instant is 

Fig. 9.282 

110 eviR2 x 
&-

2 (x2 + R2i12 

J.Lo eviR2 x 
c. 4;r (x2 +R2)312 

dO 

140. If a charged particle of charge to mass ratio !L = a enters in 
m 

a magnetiC field of strength B at a speed v = (2ad)(B), then 

qlm-a -

4d 

®®®® 
®®®® 
®®®® 
®®®® 
®®®® 

Fig. 9.283 

a. angle subtended by the path of chargd particle in magnetic 
field at the center of circular path is 2;r 

h tbecharge will move on a circular path and then will come 
out from magnetic field at some distance from the pointof 
insertion 

c. the time for which particle will be in the magnetic field is 

2n 
aB 

dangle subtended by the path of charged particle in 
magnetic field at the center of circular path is ;rJ2 

141. A conducting ring of mass 2 kg and radius 0.5 m is placed on 
a smooth horizontal plane. The ring carries a current of 
i=4A. A horizontal magnetic fieldB = 10Tis switched on at 
time t = 0 as shown in Fig. 9.284. The initial angular 
acceleration of the ring wHl be 

a. 40;rrad S·l 

c. 5n-rad S·2 

Fig. 9.284 

h 20;r rad S· 2 

d 15;rrad S· 2 

142. A point charge is moving in clockwise direction in a circle 
with constant speed. Consider the magnetic field produced 
by the charge at a fixed point P (not at the center of circle) on 
the axis of the circle. Then, 

a. it is constant in magnitude only 
h it is constant in direction only 
~ it is constant both in direction and magnitude 
d it is constant neither in magnitude nor in direction 

143. An a-particle is moving along a circle of radius R with a 
constant angular velocity co. Point A lies in the same plane at 
a distance 2R from the center. PointA records magnetic field 
produced by the a-panicle. If the minimum time interval 
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between two successive times at which A records zero 
magnetic fi eld is 'I' , the angular speed cu. in temlS of I, is 

2K 2n 
a.- h-

I ~ 

c.~ d.!! 
31 I 

144. Fig. 9.28S sho,:,",s an equilateral triangle ABC of side l 
carrying currents as shown, and placed in a uniform 
magnetic field B perpendicular to the plane of triangle. The 
magnitude of magnetic force on the triangle is 

a UB 
c. 3 UB 

, , 

, 
, I 

B 

I-----' c 

Fig. 9.285 

h 2it B 
d. zero 

145. There exist uniform magnetic and electric fields of magni
tudes I T and I Vm- I , respectively. along positive y-axis. 
A charged panicle of mass 1 kg and of charge I C is having 
velocity I ms- t along x-axis and is at origin at t = O. Then, 
the coordinates of the panicle at time 1rseconds will be 
a. (0, 1, 2) m h. (0, - 1r2, -2) m 
c. (2, nl l2. 2) m d. (0, Jr 212, 2) m 

146. A uniform magnetic field of magnitude 1 T exists in region 
y~O along k direction as shown in Fig. 9.286. A particle of 

charge 1 C is projected from point (-fj ,-1) toward origin 
with speed 1 ms- l. If mass of the particle is I kg, then 
coordinates of center of the circle in which the particle 
moves are 

y 
B - lT 

-.{j. :.'; 

Fig_ 9.286 

h (I,-fi) 

147. A uniform magnetic fi eld exists in a region which forms an 
equilateral tri angle of side a. The magnetic field is perpend
icular to the plane of the triangle. A charge q enters into this 
magnetic field perpendicular to a side with speed v. The 
charge enters from midpoint and leaves the field from mid
point of other side. Magnetic induction in the triangle is 

m, 
r.-

qa 

Mag netics 11.75 

2qa 4qa 
148. A particle of positive charge q and mass m enters with 

velocity Vi at the origin in a magnetic field B(-k) which 
is present in the whole space. The charge makes a perfectly 
inelastic collision with an identical particle (having same 
charge) at rest but free to move at its maximum positive 
y-coordinate. After collision, the combined charge will 
move on trajectory 

mV 
(where r=-) 

qB 

tn, 
a. y =-x 

qB 
h. (x + r)2 + (y _ rl2)2 = r2/4 

c. (x+rt+(y _ rI2)l=r2/8 

d. (x _ r)2+(y +rI2)l = r2/4 
149. In the plane mirror, the coordinates of image of a charged 

particle (initially at origin as shown in Fig. 9.287) after two 
and a halftime periods are (Ini tial velocity of charge particle 
is Vo in the xy plane and the plane mirror is perpen-rlicular to 

the x-axis. A uniform magnetic field B f exists in the space. 
Po is pilch of helix, Ro is radius of helix.) 

y 

, 
t::::::::;;;=:=f-' 

IOPo , Plane mirror 

Fig. 9.287 

a l7Po,0,-2Ro b. 3Po,0, - 2Ro 
c. l7 .5Po' 0, - 2Ro d. 3Po' 0, 2Ro 

150. A uniform magnetic field of 1.5 T exists in a cylindrical 
region of radius 10.0 cm, its direction being parallel to the 
axis along east to west. A current carrying wire in north
sOUlh direction passes through this region. The wire 
intersects the axis and experiences a force of 1.2 N 
downward. If the wire is ' turned from north south to 
northeast-southwest direction, then magnitude and direction 
of force is 

a. 1.2 N, upward 

c. 1.2 N, downward 

b. 1.2.J2,downward 
1.2 

d. J2 N, downward 

151. Three infinite current carrying conductors are placed as 
shown in Fig. 9.288. Two wires carry same current while 
current in third wire is unknown. The three wires are 
electrically insulated from each other and all of them are in 
the plane of paper. Which of the following is correct about a 
point 'P' which is also in the same plane? 
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,p , , 

<Ii 
, .--., 

"(iJ 
I a a I 

0 
Third wire 

I 

, , " , , -
Fig, 9,288 

a. Magnetic field intensity at P is zero for all values of x, 
whatever is the current in the third wire 

b. If the current in'the third wire is ~ (left to right), 
smo: 

then magnetic field will be zero at P for all values of x 

2I 
c. If the current in the third wire is -,- (right to left), 

smo: 

then magnetic field will be zero at P for all values of x 
d None,of these 

152. An insulating rod of length I. carries a charge' q distributed 
uniformly on it. The rod is pivoted at its mid point and is 
rotated at a frequency j about a fixed axis perpendicular to 
the rod and passing through the pivot. The magnetic moment 
of the rod system is 

I a. _1lqjf.2 h nqjf.2 
12 

I 
d. _1lqj1.2 

3 

153. Rank the value of tB.dl for the closed paths shown in 

Fig. 9.289 from the smallest to largest. 
.~~ ----- - --

,,'/-"'" ~:--.>-, 
, . ....:'"" ", 

,/ ,/ __ , : " ',d 
, ,'/ C>.. "'" ,f "'" 
: /' \!I >, " , ,/ ' , , , 
\ I \ 2A ;' " b " 
\ l-,~"--\-----,':!! \ \, 

" 0 "~-' , \',," x '/ -',' , 
I : )\ 3A '" \ : 

, ,I " ' , , 
" "\ 2A __ / t:\' t;\ : I , 

'" "',-..-,-:' o.!;r ' " w ,/: ,/ 
" ~--~~~-~-~--- ~~<--_/ 
""'" ' .-

"

,,// 
'~~,~~- ----------,-

Fig. 9.289 

a.a,~e,d h~~~b 

JI 'J d,e,b d. a,c,b,d 
15%. J",; straight segments of wire ab and be each carrying 

cun'ent I, are placed as shown in Fig. 9.290. The cube edge is 
SO cm and magnetic field is unifonn along Y-axis having 
magnitude 0.4 T. If I = 3 A, the force experienced by wire 
abc in the presence of magnetic field is 

-' 

y 

z , X 

Fig, 9,290 

a. o.6i h l.2(i + ,q 
e,o,6(.J2i+]-.J2£) d, o,6(.J2i-k) 

155. An equilateral triangular loop is kept near to a current 
carrying long wire as shown in Fig. 9.291 . Under the action 
of magnetic force alone, the loop 

I f , 

1 
• 

Fig, 9,291 

a. must move along positive or negative X~axis 
b. must move in XYplane and not along X- or Y-axis 
c. does not move -
d. moves but which way we cannot predict 

156. A current carrying loop is placed in the non~uniform 
magnetic field whose variation in space is shown in 
Fig. 9.292. Direction of magnetic field is into the plane of 
paper. The magnetic force experienced by the loop is 

I 

81 

a a 

Fig. 9,292 
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a non*zero h zero 
c. cannot say anything d none of the above 

157. A particle is moving with velocity v = [ + 3J and it produces 

an electric field at a point given by E = 2k. It will produce 

magnetic field at that point equal to (all quantities are in 
S.l. units) 

a. (6[-2])J.loEo . b. (6I+2]),l1oEo c.zero 
d. cannot be determined from the given data 

158. A current carrying loop lies on a smooth horizontal plane. 
Then, 
a it is possible to establish a uniform magnetic field in the 

region so that the loop starts rotating about its own axis 
h. it is possible to establish a uniform magnetic field in the 

region so that the loop will tip over about any of the point 
c. it is not possible that loop win tip over about any of the 

point whatever be the direction of established magnetic 
field (unifonn) 

d both (a) and (b) are correct. 
159. A parallel plate capacitor is moving with a velocity of25 ms-J 

through a uniform magnetic field of 4.0 T as shown in 
Fig. 9.293. If the electric field within the capacitor plates is 
175 NC- J and plate area is 25 x 10-7 102, then the magnetic 
force experienced by the positive charge plate is 

, - , 
, , 

• B 

, 

v 
Fig. 9.293 

a 8.85 x 10-J3 N directed out of the plane of the paper 
b. zero 
c. 8.85 x 10- 15 N directed out of the plane o'fthe paper 
d. none of.above ' ' 

160. A semicircular wire of radius R, carrying current I. is placed 
in a magnetic field as shown in Fig. 9.294. On left side of X'X, 
magnetic field strength is Bo, and on right side of X'X, 
magnetic field strength is 2Bo. The magnetic force experienced 
by the wire would be 

X' 

I 

R 

x 
Fig. 9.294 
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a 31Brft h 2lBoR 

c . .JlO IBoR d, .J5 IBoR 

161. A wire of cross-sectional area A fonns three sides of a square 
and is free to rotate about axis 00'. If the structure is 
deflected by an angle 8 frotp. the vertical when current i is 
passed through it in a m'agnetic field B acting vertically 
upward and density of the wire is p, then the value of '8 is 
given by 

/9 
! , 

! , 
! 

a 2AP8 "" cot8 
iB 

c. A::/ = sin B 

/9 , 
! , 

! , , 
---- --------- --, 

Fig. 9.295 

h 2AP8 = tan8 
iB 

d Apg =cosB 
• 2iB 

162. A proton of mass 1.67 x 10-27 kg and charge 1.6.7 oX 1O':: 19~C
is projected with a speed of2 x 106 ms- 1 at an~angle of 60° 
to the X-a",is. If a uniform magnetic field of 0.1 0 T is appfied 
along Y-axis, the path of proton is 

a acircleofradius 0.2 m and time period 7rX 10-7 s 

h acircleofradius 0.1 m and time period 2Jrx 10-7 s 

c •. ~ helix of radius 0.1 m and time period 2Jrx 10-7 s 

d a helix of radius 0.2 m and time period47rx 10-7 s 

163. In a cylindrical region, uniform magnetic field is present as 
shown in Fig. 9.296. The cylinder is kept on a horizontal 
plane and its axis is horizontal. A charge particle of mass m 
and charge q is projected horizontally with velocity v 
through a hole nonnal to the axis of the cylinder as shown in 
the diagram. An observer states the particle moves first 
undeviated and subsequently. 

R I ( )-i~: E--F ~x~¥: 
Side view 

Fig. 9.296 

a oscillates inside the cylinder along a horizontal diameter 
passing through a", is of the cylinder with time period 

4RqB 

'"8 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



9.78 Physics for IlT·JEE: Electricity and Magnetism 

b. oscillates inside the cylinder along a horizontal diameter 

passing through axis of the cylinder with time period 2qRB 
'"8 

c. oscillates inside the c~linder along a horizontal diameter 

passing through axis of the cylinder with time period mg 
qBR 

d. it is not possible for the particle to oscillate in this given 
situation 

164. Current 1 flows -around the wire frame along the edges of a 
cube as shown in Fig. 9.297. Point 'P' is the center of the 
cube. The incoming and outgoing wires have orientation 
towards P. Then, 

/r: • " 
" 

~ 

V~ 
t , , 

~ 

z j p 
y 

" -
~: 
~ 

Fig. 9.297 

a. the magnetic field at P is toward +y direction 
h the magnetic field at P is toward - y direction 

c. the ~nit vector of magnetic field at P is - Jz ([ -J) 

d the magnitude of magnetic field at P is 4.J2Pol 
3,," 

165. In Fig. 9.298,ABCDEFA was a square loop of side f., but is 
folded in two equal parts so that half of it lies in the x;:
plane and the other half lies in the yx plane. The origin '0' is 
center of the frame also. The loop carries current 'i'. The 
magnetic field at the center is 

y 

D 

E 

F A 
z 

Fig. 9.298 

liOi(' ') h - - - i+j 
41r t 

lioi (' ') d. ~ I+j 
"l./21f f. 

166., If the magnetic field at 'P' can be written as Ktan (~). then 

Kis 

p a ._--- .. -------- ---- --- -------- ------------ ---
~ d ' I a 

Fig. 9.299 

a lio I h Po 1 
4"d 2"d 

,. lio I d. 
2Pol 

"d "d 
167. The magnetic field at the origin due to the current flowing 

in the wire is 

y 

I 
· · · · · uplO 00 

H 
.,,_..;.... ___ -~ -- - -----~ x 

/ / 

" " " ,/ , 
~ paral/ello 'y' axis 

t uplO .. 

Fig. 9.300 

liol (' ') a - - - i+k 8,," 
h liol (i +k) 

2,," 
1i,I (' ' ) '.- -i+k 
8"a 

liol (, ') d. --- ,-k 
41m.J2 

168. Two infinitely long linear conductors are arranged 
perpendicular to each other and are in mutually perpendi
cular planes as shown in Fig. 9.301. If II = 2A along the y
axis, 12 = 3A along-vex-axis andAP = AB = 1 em, the value 

of magnetic fie ld strength ii at P is 
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\ 

I, 

I, 
---0------___ _ __ _______ ___ @ 

P A B 

y 

z 
}-x 

Fig. 9.301 

a (3 x 1O-5T)J+(-4 X 1Q-5T)k 
b. (3XW-'T)J+(4XW-'T); 
c. (4X 1O-5T)J+(3X 1O-5T)f 

o 
169. Fig. 9.302 shows an Amperian pathABCDA. Pan ABC is in 

vertical plane PSTU while part CDA is in horizontal plane 
PQRS. Direction of circulation along the path is shown by 
an arrow ncar point B and at D. 

<.fB-de for this palh according to Ampere's law wi ll be 

I, 
• 

u 

B 

T 

'--#1~-- --=-----7- R 

-1,--+-- --:::Y'/ 
c /' 

Fig. 9.302 

h (- ir +i2 ).uo 
c. i3110 d. (i1 + i2) flo 

170. A coaxial cable is made up of two condllctor~. The inner 
conductor is solid and is of radius R I and the outer conductor 
is hollow of inner radius Rz and outer radius R3. The spac~ 
between Ihc conductors is filled with air. The inner and 
outer conductors arc carrying currents of equal magnitudes 
and in opposite directions . Then, the variation of magnetic 
field with distance from the axis is best plotted as 

Magnetics 9.79 

t.l---I t,l---I 

, . • ,-R, R, R, .. 
j · j 

• B • B • 
• • 
: -~-

· · · · ,.-
R, R, R, 

,. 

Fig. 9.303 

171. From a cylinder of radius R, a cylinder of radius R/2 is 
removed, as shown in Fig. 9.304. Current flowing in the 
remaining cylinder is I. Then, magnetic field strength is 

a zero at point A 

c. Pol at point A 
3"R 

1 

o 

R 

Fig. 9.304 

b. zero at point B 

d. Pol at point B 
3"R 

172. A current I enters atA in a square loop of uniform resistance 
and leaves at B. The ratio of magnetic field at E, the centre of 
square, due to segment AB to that due to DC is 

D~ _ __ ~C 

·E 

A 8 
1 

Fig. 9.305 

al 1>2 

'" d. 4 
173. A beam of mixture of apartic1es and protons are accelerated 

through same potential difference before entering into the 
magnet ic fieJd of strength B. If r J-= 5 em, then rz is 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I
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a. 5cm 

c.lO.J2cm 

~ ~ ~ X 
X 

X;Y<~ X 

X ~ /'2 
X 

~ ; ~ X 
X 

X X X 
X X X X 

Fig. 9.306 

h 5J2cm 

d.20cm 
174. A wire of length '/' is used to form a coil. The magnetic field 

at its center for a given current in it is minimum if the coil 

has 
a. 4 turns b. 2 turns 
c. 1 turn d. data is not sufficient 

175. The value of the electric field strength in vacuum if the 
energy density is same as that due to a magnetic field of 
induction I T in vacuum is 
a.3x108NC-! h1.5x108 NC-! 

c. 2.0x 108NC-! d 1.0x !08NC-! 
176. Fig. 9.307 shows a small loop carrying a current I. The 

curved portion is an arc of a circle of radius R and the straight 
portion is a chord to the same circle subtending an angle 8. 
The magnetic induction at the center 0 is 

a. zero 
b. al",,!ays inward irrespective of the value of 8 
c. inward as long as Dis less than 1l 

d. always outward irrespective of the value of 8 

,/~ 
, 

---- '" 
" 

! 
, , , , o , , , . 

; ,0, f 
\ / {J, I 

, 'I ' , 
,,~/ 

/ 

Fig. 9.307 

177. An electron is projected at an angle 8 with a uniform 
magnetic field. If the pitch of the helical path is equal to its 
radius, then the angle of projection is 
a. tan-L ff b. tan-! 2ff 

c. COC! ff b. COC! 21l 

178. A charged particle moves in a uniform magnetic field 
perpendicular to it, with a radius of curvature 4 cm. On 
passing through a metallic sheet it loses half of its kinetic 
energy. Then, the radius of curvature of the particle is 
a.2cm b.4cm 

c. 8 cm d. 2.J2 cm 
179. Three rings, each having equal radiusR, are placed mutually 

perpendicular to each other and each having its center at the 
origin of coordinate system. If current J is flowing through 
each ring, then the magnitude of the magnetic field at the 

corytmon center is 

y 

, ' , ' , ' , ' , ' 
~~~--..., - t----_ 

a. J3 Pol 
2R 

c. (..(i_I)I',i 
2R 

I _ _ .... ____ ~ 

, ' , ' , ' 
,~,~,~'/ , 

Fig. 9.308 

h zero 

180. Positive point charges q = +8.00 jlC and q' = +3.00 IlC 
are moving relative to an observer at point P, as shown in 
Fig. 9.309. The distanced is 0.120 m. When the two charges 
are at the locations shown in the figure, what are the magnitude 
and direction of the net magnetic field they produce at point 
P? (Take v=4.50 X!06 ms- ! and v' = 9.00x 106 ms- 1.) 

q " 

d 

p 

q' 

Fig. 9.309 

a. 4.38 X 10-4 T, into the page 

b, 4.38 x 10--4 T, out of the page 

c. 2.16 x 10-4 T, into the page 

d. 2.16xI0-4 T, out of the page 

--~ 

181. Four very long, current carrying wires in the same plane 
intersect to form a square 40.0 cm on each side, as shown in 
Fig. 9.31 O. Find the magnitude and direction of the current [so 
that the magnetic field at the center of the square is zero. 

---+8.0A 

===II===I~OA 

Fig. 9.310 

a. 4.0 A toward the bottom of the page 
h 2.0 A toward the bottom of the page 
c. 2.5 A toward the bottom of the page 
d 3.6 A toward the top of the page 
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182. A square loop of side a carries a current 1. The magnetic 
inductionB at point P, lying on the axis of the loop and at a 
distance x from the center of loop ,is 

___ 4J1oia2 

a. 31l'( t;x2 +-a-':';')-';~"'4X";''''+'''2'''a';'' 
..fj J1oia 2 

b. r.-, 
Jl"(4x2 + a2H4x2 + 2a2 

. , 
J10w 

c. 
Jl"( 4x2 + a2).J4x2 + 2a2 

4J1oia2 
d. 

Jl"(4x2 +a2).J4x2 +2a2 

183. Two very long, straight wires carry currents as shown in 
Fig. 9.311. Find alllocations where the net magnetic field is 
zero. 

IO.OA ~ 

Fig. 9.311 

IO.OA 
-> 

a. y=.fix hy=x 
c.y=-x d. y=--{x/2) 

184. A particle of specific charge ais projected from origin with 

velocity v = voi - vi in a uniform magnetic field 
jj = -Bok. Find time dependence of velocity and position 
of the particle. 

a. v(t) = Vo cos(aBot)l + Vo sin (aBot)] - vi 
b. V(t) = -Vo cos (aBot)i +vo sin (aBot)] + vok 

c. v(t) = -vo cos (aBot) i + Vo sin (aBot)] - vok 

d. v(t) = Vo cos (aBot) 1 + Vo sin (aBot)]+ vok 
185. A straight piece of conducting wire with mass M and length 

• L is placed on a frictionless incline tiltcd at an angle /Hrom 
the horizontal (as shown in Fig. 9.312). There is a uniform, 
vertical magnetic field at all points (produced by an 
arrangement of magnets not shown in Fig. 9.312). To keep 
the wire from sliding down the incline, a voltage source is 

t(vcrtical) 

Fig. 9.312 

Magnetics 9.81 

attached to the ends of the wire. When just the right amount 
of current flows through the wire, the wire remains at rest. 
Determine the magnitude and direction of the current in the 
wire that will cause the wire to remain at rest 

Mg tanB Mg tanB . 
a. to the left b. to the nght 

2LB LB 

c. Mg tan B to the left 
LB 

MuLtipLe Correct 
Answers Type 

,,)I! • ',l; 

Solutions on page 9.131 
,,' ~. , 

1. Which ofthe.following statements are c~>rrect? 
a. If a moving charged particle enters imo a region of 

magnetic field from outside, it docs not complete a 
circular path 

b. If a moving charged particle traces a helical path in a 
uniform magnetic field, the axis ofthe helix is parallel to 
the magnetic field 

c. The power associated with the force exerted by a 
magnetic field on a moving charged particle is always 
equal to zero 

d. If in a region a uniform magnetic fie ld and a uniform 
electric field both exist, a charged particle moving in this 
region cannot trace a circular path 

2. A charged particle P leaves the origin with speed v = Vo at 
some incl ination with the x-axis. There is a uniform 
magnetic field B along the x-axis. P strikes a fixed target T 
on the x-axis for a minimum value of B = Bo. P will also 
strike Tif: 

o. B= 2Bo, v= 2vo b. B=2Bo,v=vo 

c. B = Bo, v= 2vo d. 
Bo 

B =2' v ~ 2vo 

3. A charged particle is fired at an angle () to a uniform 
magnetic field directed along the x-axis. During its motion 
along a helical path, the pllrticle will 

ft. never mow parallel to the x-axis 
b. move parallel to the x-axis once during every rotation for 

all values of () 
c. move parallel to the x-axis at least once during every 

rotation if ()"" 45 0 

d. never move perpendicular to the x-direction 
4. In previous problem, if the pitch of the helical path is equal 

to the maximum distance of the particle from the x-axis, 
then which of the following are not correct? 

/) J . £I I a. COSI7=- b. SIflI7=-
n n 
1 

c. tan()=- d. tan()=Jl" 
n 

5. A particle having a mass of 0.5 g carries a charge of2.5 
x 10-8 C . The patticle is given an initial horizontal velocity 
of6 x 104 ms- J• To keep the particle moving in a horizontal 
direction 

ft. the magnetic field should be perpendicular to thedirection 
of the velocity 
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h the magnetic field should be along the direction of the velocity 
~ c. llJagnetic field sh<;JUld have a minimum value of 3.27 T 

d no magnetic field is required 

6. The force F experienced by a particle of charge q moving 

with a velocity v in a magnetic field B is given by 

F = q(v x B). Which pairs of vectors are at right angles to 

each other? 

a. Fandv 

c. B and v 
hFandB 

d ji ,nd (,xii) 
7. An electron (mass = me) and a proton (mass =mp) initially at 

rest move through a certain dis tance in a uniform electric 
field in times t l and 12, Neglect the effect of gravity. Then, 

a. the acceleration of electron is much greater than that of 
proton 

h the acceleration of proton is much greater than that of 
electron 

~ ,,-_(m,)'12 d ,,-_ (m,)'12 
12 mp 12 line 

8. A charged particle moves in a uniform magnetic ficld. The 
velocity of the particle at some instant makes an acute angle 
with the magnetic field. The path of the particle will be 
a. adrcle 
h a helix with uniform pitch 
c. a helix with non-uniform pitch 
d a helix with uniform radius 

9. An electron is moving along the positive x-axis. You want to 
apply a magnetic field for a short time so that the electron 
may reverse its direction and move parallel to the negative 
x-axis. This can be done by applying the magnetic field 
along 

a. y-axis hz-axis 
c. y-axis only d z-axis only 

10. If a charged particle goes unaccelerated in a region 
containing electric and magnetic fields. then 

a. E must be perpendicular to B 
h v must be perpendicular to E 
c. v must be perpendicu lar to B 
d E must be equal to Vb 

11. A proton is fired from origin with velocity v = vol + vi, in a 

uniform magnetic field B = Bo] . 
In the subsequent motion of the proton 
a. its z-coordinate can never be negative 
h its x-coordinate can never be positive 
c. its x- and z-coordinates cannot be zero at the same time 
d its y-coordinate will be proportional to its time of flight 

12. Velocity and acceleration vector of a charged 'particle 

moving in a magnetic fi eld at some instant are v = 37 +4] 

and a = 27 + i}. Select the correct options: 

a. x= - J.5 
h x=3 

c. Magnetic field is along z-direction 
d. Kinetic energy of the particle is constant 

13. A charged particle goes undeflected in a region containing 
electric and magnetic fields . It is possible that 
a. EIIB, vilE 
b. E is not parallel to B 
c. v II B but E is not parallel to jj 

d. Ell B but v is not parallel to E 
14_ A charged particle with velocity v = x7 + y] moves in a 

magnetic field jj = yi + xJ. The force acting on the particle 
has magnitude F. Which one of the following statements 
is/are correct? 
a. No force will act on charged particle if x = y 
h Ifx>y,jox(x2_y2) 
c. If x> y, the force will act along z-axis 
d If Y > x, the force will act along y-axis 

15. In the loops shown in Fig. 9.313. all curved sections are 
either semicircles or quarter circles. All the loops carry the 
same current. The magnetic fields at the centers have 
magnitudes B l , B2, B3 andB4. Then, 

Fig. 9.313 

a. B4 is maximum h B3 is minimum 
~~>Bl>~>B3 ~Bl>~>~>~ 

16. A conductor ABCDE, shaped as shown, carries current I. It 
is placed in the x-y plane with the ends A and E on the 
x-axis. A uniform magnetic field of magnitude B exists in 
the region. The force acting on it will be 

, 

y 

B 
l~.,,;-, 

:' A~ __ ~ __ ~~~ __ -? ___ 

a. zero, if B is in thex-direction 
b. ).BI in the z-direction, if B is in the y-direction 
c. ).BI in the negative y-direction, if B is in the z-direction 
d ).aBI, if B is in the x-direction 

17. Two circular coils A and B with their centers lying on the 
same axis have same number of turns and carry equal 
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currents in the same sense. They are separated by a 
distance, have different diameters but subtend same angle 
al a point P lying on their common axis. The coil B lies 
exactly midway between coil A and the point P. The 
magnetic field at point P due to coils A and 8 is B I and 8 2, 
respectively. Then, 

b. 8l <82 
B, I 

d -= 
B, 2 

18. A long straight wire carries a current along the x-axis. 
Consider the points A (0, 1, O),B(O,I, 1,), C(I, 0, I) and D(l, 
1, I). Which of the following pairs of points will have 
magnetic fields oflhe same magnitude? 
'a.AandB b. AandC 
c.BandC d BandD 

19. In previous problem. if the current is I and themagnelic field 
at D has magnitude B, then 

a. B = Pol 
,Ji H 

b. B =..!:!!L 
2.J3H 

c. B is parallel to the z-axis 
dB m,*cs an angle of 45° with the x-y plane 

20. A straigHt conductor carries a current along the z·axis. 
Considert'hepoints A (a, 0, 0), B (0, -0, 0), C (-a, 0, 0) and 
D (0, a, 0). Then, 

a. al! four points have magnetic fields of the same magnitude 
h all fou r points have magnetic fields in different directions 
c. the magnetic fields at A and C are in opposite directions 
d the magnetic fields alA and B are mutually perpendicular 

21. A steady electric current is flowing through a cylindrical 
conductor. Then, 

a. the electric field at the axis of the conductor is zero 
b. the magnetic field at the axis of the conductor'is zero 
c. the electric field in the vicinity of the conductor is zcro 
d the magnetic field in the vicinity of the conductor is zero 

22. AB and CD are smooth parallel rai ls. separated by a disltlllce 
L and inclined to the horizontal at an angle 8. A uniform 
magnetic ficld of magnitude B. directed vertically upwards. 
exists in the region. EF is a conductor of mass m, carrying a 
current I. For EF to be in equilibrium, 

. Fig. 9.315 

a. I must flow from Elo F 
hBIL=mglonB 
c. BIL = IIIg sin B 
d BIL= mg 

D. 

B 

Ma9netic~ 9.83 

23, A wooden cubical block ABCDEFG of mass m and s ide a is 
wrapped by a square wire loop of perimeter 4a, canying 
current I . 'fhe whole 'system is placed al frictionless 

horizontal surface in a uniform magnetic field B = Bo J as 
shown in Fig. 9.316. In Ihis si tuation, normal force between 
horizontal surface and block passes through a point at a 
distance x from centre. Choose correct statement(s). 

, 

G F 

B',L--I-I-----'C( 
--- - -~---- ----

,"'Jil' 0 "If" 
----- --~ - -- - ' E 

A 
D 

Fig. 9.316 

. mg 
a. The block must notlopple If I <

aB, 

b. The block must not topple if I < ,., ~g 
=Bo 

a . IIIg 
C, x =- If 1=--

4 2aBo 

d. x = ~ if 1= mg 
4 4GB, 

y 

24. A particle of charge - q and mass m enters a uniform 

magnetic field B (perpendicular to paper inward) at P with 
a velocity 1.10 at an angle a and leaves the field at Q with 
velocity \.I at angle pas shown in Fig. 9.317. 

a. a=p 
b, 1.1 = 1.10 

" 

PQ 
_ 21111.10 sin a 

<, -
Bq 

; 
X X XB 

• '" 
X X 

X X 

X X 

X X X 

Fig. 9.317 

2m(Jr-a) 
d The partideremains in field fortimc f = 

Bq 
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9.84 Physics for IIT-JEE: Electricity and Magnetism 

25. Let E and E denote the electric and magnetic fields in a 
certain region of space. A proton moving with a velocity 
along a straight line enters the region and is found to pass 
through it undeflected. Indicate which of the following 
statements are consistent with the.obserations: 

a. E =OandB=O ! 

h E;tOandE=O 
c. E;t Oand E;t 0 and both Eand E are parallel to v 
d E is parallel to ii but E is perpendicular to v 

26. A particle of charge q and mass m moves rectilinearly under 
the action of an electric field E = a- px. Here, aand pare 
positive constants and x is the distance from the point where 
the particle was initially at rest. Then, 

a. the motion of the particle is oscillatory 
h the amplitude of the particle is (a/ fJ> 
c. the mean position of the particle is at x = (a I fJJ 

d the maximum acceleration of the particle is qa 
m 

27. TWo cirtularcoils of radii 5 cm and 10 cm carry equal currents 
of2 A. The coils have 50 and 100 turns respectively and are 
placed in such a way that their planes as well as their centres 
coincide. Magnitude of magnetic field at the common centre 
of coils is 

a. Snx 10-4 T if current in the coil are in same sense 
h 4nx 10-4 T if current in the coil are in opposite sense 
c. zero if currents in the coils are in opposite sense 
d Snx 10-4 T if current in the coil are in opposite sense 

28. A charged particle of unit mass and unit"charge moves with 

velocity v = (st + 6]) mls in a magnetic field of jj = 2k T . 

Choose the correct altenative(s). 
a. The path of the particle may be x2 + l- 4x - 21 = 0 
h The path of the particlc may i?e Xl + l = 25 
c. The path of the particle may be l + Z2 = 25 
d The time period of the particle wi!! be 3. 14 s 

'·29. A proton enters in a region of uniform electric and magnetic 
fields EandE, respectively. Velocity ofthe proton is v. All 
the three vectors are mutually perpendicular. The proton is 
deflected along positive x-axis when either of the fields or 
both are switched on simultaneously. Which of the 
following statement(s) islare correct? 

a. v may be along positive y-axis 

h E is along positive x-axis 
c. jj may be along positive z-axis 

d B may be along negative y-axis 
30. A particle with charge +q and mass m. moving under the 

influence of a uniform electric field Ei and a uniform 
magnetic field Bk, follows a trajectory from Pta Q as shown 
in Fig. 9.3IS. The velocities at P and Q arc vi and -2vJ. 
Which of the following is correct? 

p 

" 
OL ___ -'cQ~, _ 

Fig. 9.318 

a. E = %('::2) 
h The rate of work done by the electric field atPis %( m;3) 
c. The rate of work done by the electric field at P is 0 
d The rate of work done by both the fields at Q is 0 

31. A long straight wire carries a current along the Z-axis. One 
can find two points in the X-Yplane where 

a. the magnitude of force on identical point charge are equal 
h the direction of the magnetic fields are the same 
c. the magnitude of the magnetic fields arc equal 
d the field at one point is opposite to that at the other point 

32. A charged particle enters into a region which offers a 
resistance against its motion and a uniform magnetic field 
exists in the region. The particle traces a spiral path as shown 
in Fig. 9.319. Which of the following statements is/are 
correct? 

Fig. 9.319 

a. Component of magnetic field in the plane of spiral is zero 

h The particle enters the re.gion at Q 
c. If magnetic field is outward, then the particle is positively 

charged 
d If magnctic field is outward, then the particle is negatively 

charged 
33. An electron moves in a uniform magnetic field and follows a 

spiral path as shown in Fig. 9.320. Which of the following 
statements islare correct? 

Fig. 9.320 

a. Angular velocity of the electron remains constant 
h Magnitude of velocity of the electron decreases 

continuollsly 
c. Net force on the particle is always perpendicular to its 

direction of motion 
d Magnitude of net force on the electron decreases 

continuously 
34. A charged particle moves in 11 gravity free space where an 

electric field of strength E and a magnetic field of induction 
B exist. Which of the following statement is/are correct? 

a. If E;t 0 and B;t 0, velocity oflhe particle may remain 
constant 

h If E = 0, the particle cannot trace a circular path 
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c. If E = 0, kinetic energy ofthe particle remains constant 
d None of these. 

35. In a long current carrying cylindrical conductor of radius r, 
the current is distributed uniformly over its cross section. 
The magnetic field at a separation x from-the axis of the 
conductor has magnitude B. Then, 

a. B = 0, at the axis h B<><x,forO$x$r 

I 
c. B<><-,for.x>r dBismaximumforx=r 

x 
36. A charged particle of specific charge a moves with a 

velocity ii = vol in a magnetic field B = A (J + f) . Then 

(specific charge = charge per unit mass) 

a. path of the particle is a helix 

h. path of the particle is circle 

d ' db h ' I '.. It. 1tVo c. Istance move y t e partlc e'Jn time t = __ " __ 
Boa Boa 

d. velocity of the particle after time t = ....!!....- lS (vo l + Vo J) 
Boa 2 2 

37. When a current carrying coil is placed in a uniform 
magnetic field with its magnetic moment anti-parallel to the 
field. 
a. torque on it is maximum 
b. torque on it is zero 

c. potential energy is maximum 
d. dipole is in unstable equilibrium 

38. A charge particle of charge q and mass m is moving with 
velocity v as shown in Fig. 9.321 in a uniform magnetic field 
B along - ve z-direction. Select the correct altemative(s). 

y 

x x 
x x x 

x x x x 
x x x x x 

xxxx x x 
q.m 30-Xxxx x x 

v xxxxxxx 
x x x x x x x x x 

x x x x x x x x x x 

Fig. 9.321 

--+ Extend upkJ a 
large distance 

a. Velocity of the particle when it comes out from the 
magnetic field is ii = vcos60ol + vsiri 60° J 

Jrm 
h Time for which the particle was in magnetic field is -B 

3q 

Jrm, 
c. Distance travelled in magnetic field is --

3qB 
d. No~eofthese 

39. A particle of charge 'q' and mass 'm' enters normally (at .
point P) in a region of magnetic fie ld with speed v. It comes 
out normally from Q after time Tas shown in Fig. 9.322. The 

Magnetics 9.85 

magnetic field B is present only in the region of radius Rand 
is uniform. Initial and final velocities are along radial 
direction and they are perpendicu lar to each other. For this 
to happen, which of the following expression (s) is/are 
correct? 

a. B = ~ 
qR 

Jrm 
c.T=-

2qB 

Fig. 9".322 

d None of these 

40. A wire of mass m and length t is placed on a smooth incline 
making an angle '()with the horizontal, whose f(ont view is 
shown in Fig. 9.323. When a finite amount of charge is 
passed through it in an infinitesimal time, the wire 
immediately acquires some velocity and then ascends the 
incline by a distance s. For this small duration, we can 
neglect the gravity force because the current can be 
considered very large due to small time duration. The 
amount of charge passed through the wire is 

a 
m.j2gssin () 

Sf 

c, 
m.j2gssin () 

Bf cos{) 

Fig. 9.323 

b. mv 
Be 

d information insufficient 

41. A long straight wire carr ies the current along +vex
direction. Consider fbur points in space A(O, I, 0), 
B(O, I, I}, C(I,O, 1) andD(I, 1, 1). Which of the pairs will have 
same magnitude of- magnetic field? 
a.AandB b.AandC 
c.BandC dBandD 

42. Two thin long wires carry currents /1 and / 2 along x- and 
y-axes, respectively, as shown in Fig. 9.324. Consider the 
points only in x- y plane. 

a. Magnetic field is zero at least at one point in each quadrant 
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9.86 Physics for lIT·lEE: Eltctricity and Magnetism 

y 

I, 

- ---t---->------+., 
I, 

Fig. 9.324 

b. Magnetic field can be zero somewhere in the first quadrant 
c. Magnetic field cnn be zero somewhere in the second 

quadrant 
d Magnetic field is non-zero in second quadrant 

43. In the setup of the previous question, an electron E moves 
fromXto Yand a proton Pmoves from Yto Z. Both particles 
start from rest. Then, 

a. E reaches Y with greater energy than P 
b. Preaches Y with greater energy than E 
Co P and E reach Y with equal energies 
d Preaches Y with greater momenlum than E 

44. Velocity and accelerat ion vector of a charged particle 
moving in a magnetic field at some instant are v = 3i +4J 
and v = 2i + x J . Select the correct alternative(s). 

a x= -I.S b.x=3 
c. magnetic field is along z-direction 
d kinetic energy ofthc particle is constant 

Asserti on-Reasoning 
Type 0 

Soilltions on page 9.137 

In each of tlie question, a statement of, Statement I is given by 
corresponding statement of Statement II of the statements, mark 
the correct answer. 

a. If both Statement I and Statement II are true and the 
Statement" is the correct explanation of Statement L 

b. Ifboth Statement I and Statement II are true but Statement II 
is not the correct explanation of Statement I. 

c. If Statement I is true, but Statement II is false. 

d If Statement I is fal se but Statement II is true. 

t. Statement I: Cyclotron is a device which is used to 
accelerate the position ions. 

Statement II: Cyclotron frequency depends upon the velocity. 

2. Statement I: Cyclotron docs not accelerate an electron. 

Statement II: Mass of the electrons is very small. 

3. Statement I: When a charging particle is fired in a magnetic 
field, the radius of its circular path is directly proportional to 
the kinctic energy of the particle. 
Stlttement 11: The ccntripetal force on the test change qo is 
q"I'B, where \I is the velocity of a particle and B is the 
magnetic field . 

4. Statement I: Magnetic field due to a infinite straight 
conductor varies inversely as the dis tance from it. , 
Statement II: The magnetic field at the center ofthe circular 
coi l in the following figure is zero 

S. Statement I: The magnetic field at the center of the circular 
coit in Fig. 9.325 is zero. 

o 

Fig. 9.325 

Statement II: 'I = 12 therefore the magnetic field due to one 
part balance that due to the other part of circle. 

6. Statement I: Accelemtion ofa moving charged particle in a 
magnetic field is non-zero. 

Statement II: Inside magnetic field region, the particle may 
be moving on a curved path. 

7. Statement I: Any rod oflength l moving with velocity v in a 
magnetic field B has an induced e.m.f. of Bvl . 
Statement II: Induced e.m.f. in a rod is given by Bvl sin e. 

8. Statement II: The net force on a closed circular current 
carrying loop placed in a uniform magnetic field is zero. 

Statement JI: The torque produced in a conducting circular 
ring is zero when it is placed in a unifonn magnetic field such 
that the magnetic field is perpendicular to the plane ofloop. 

9. Statement 1: A rectangular current loop is in an arbitrary 
orientation in an external uniform magnetic field. No work is 
required to rotate the loop about an axis perpendicular to its 
plane. 

Statement II: All positions represent the same level of 
energy. 

10. Statement I: Magnitude of Ii is constant along a magnetic 

field line. 

Statement II: iJ is tangent toa magnetic field line. 

II . Statement I: If a proton and an a-particle enter a unifonn 
magnetic field perpendicularly with the same speed, the time 
period of revolution of a-particle is double than that of 
proton. 

Statement 11: In a magnetic field, the period of revolution of 
a charged particle is directly proportional to the mass of the 
particle and inversely proportional to the charge of particle. 

12. Statement I: A direct current flows through a metallic rod. It 
produces magnetic field only outside the rod. 
Statement II: Th.e charge catTiers flow through whole of the 
cross section. 
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13. Statement I: A loosely bound helix made of stiff wire is 
suspended vertiyally with the lower end just touching a dish 
of mercury. When a current is passed though the wire, the 
wire executes oscillatory motion with the lower end jumping 
out of and into the mercury. 
St~tement II: When electric current is passed through a 
helix, a magnetic field is produced both inside and outside 
the helix. 

14. Statement I: A charged particle is moving in a circular path 
under the action of a uniform magnetic field as shown in Fig. 
9.326. During motion kinetic energy of charged particle is 
constant. 
Statement II: During the motion, magnetic force acting on 
the particle is perpendicular to instantaneous velocity. 

x x x x x x 

x x x x x x 

x x x x x 

x x x x x x 

x x x x x x 

Fig. 9.326 

15. Statement I: Consider the situation shown in the Fig. 9.327. A 
conductor is moved with constant velocity by an external 
agent. A force is required to move the conductor with 
constant velocity. 
Statement II: As the conductor is moved, a current is induced 
in the circuit. A magnetic force acts on the conductor 
opposite to its velocity. 

x X X X X 

X X X X X 
R I V (constant) 

X X X X X 

X X X X X 

Fig. 9.327 

16. Statement I: When radius ofacireular loop carrying current is 
doubled, its magnetic moment becomes four times. 
Statement II: Magnetic moment depends on thearea of the 
loop. 

17. Statement I: The poles ofa magnet cannot be separated by 
breaking into two pieces. 
Statement II: The magnetic moment will be reduced to half 
when a magnet is broken into two equal pieces. 

18. Statement I: A magnetic field independent of time can 
change the velocity of a charged particle. 
Statement II: It is not possible to change the velocity of a 
particle in a mllgnetic field as magnetic field does no work on 
the charged particle. 

~tlg netics 9.87 

19.'Statement I: The current constituted by f · ',;trons in a 
metallic wire creates only electric field whil . on electron 
beam creates both, electric and magnetic field '. 
Statement II: The electron beam contains ' ]' yelectrons 
while metallic wire carries both positive II~d negative 
charges and also the wire is electrically nelltr 

20. Statement I: The magnetic field on the clos, .1 loop in Fig. 
9.328 is zero. 

Statement II: Force(magnetic)onthewire is f· . =f ide X B 

X X X 
B 

, , 2B , 
X :x X , , , 
X :X X , , 
X X 

, 
:x X X 

Fig. 9.328 

21. Statement I: A closed current carrying lopp behave liki;! a 
magnetic dipole. 
Statemont II: Force and torque on the loop are zero as shown 
in Fig. 9.329. 

Fig. 9.329 

22. Statement I: The magnetic field at the ends ofa vcry long 
current carrying solenoid is half of that at the center. 
Statement II: If the solenoid is sufficiently long, the field 
within it is unifonn. _ 

23. A charge is projected in a region of magnetic field (no other 
field is present). 
Statement I: Kinetic energy of the charge particle will remain 
constant. . 
Statement II: Work done by magnetic force on the moving 
charge particle is zero. 

24. A semicircular ring is present in a uniform magnetic field. 
Magnctic field is pe!J!endicular to the loop ofring. 
Statement I: Forcc F on each elemenl ofring is different. 
Statement II: Net force on the ring tnm! be perpendicular to 
magnetic field. , • 

25. Statement I: Magnetic ficld at a point on the .. surface of a 
long cylindrical wire is maximum. 
Statement II: For any other point, closed loop perpendicular 
to the wire and of radius equal to thc distance between the 
axis of wire and the given point will enclose less current. . 

26. Statement I: Magnitude offorce acting on a currcnt carrying 
loop placed in a unifonn magnetic field will be equal to zero 
whether magnetic field is in the plane of the loop' or 
perpendicular to it. 

(, 
/ 
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9.88 Physics for IlT-JEE: Electricity and Magnetism 

Statement II: Magnitude offorce does \not depend upon the 
direction of magnetic field. 

27. Statement I: A linear solenoid carrying current is equivalent 
to a bar magnet. 
Statement II: The magnetic field lines of both arc same. 

28. Statement I: Consider two small current carrying elements I 
and II as shown in Fig. 9.330. The magnetic force 
experienced by element I due to III is zero while magnetic 
force experie-nced by II due to I is non-zero, i.e., the force 
exerted by element I on element II is not equal and opposite 
to that exerted by element II on element I and hence 
Newton's action-reaction law gets violated here (for 
magnetic force). . 

Fig. 9.330 

Statement II: Law of conservation of momentum is an 
independent law and is not a consequence of Newton 's third 
law. 

Comprehension 
Type . Solutions on page 9.138 

For Problems 1-2 

The circuit in Fig. 9.331 consists of wires at the top and bottom 
and identical metal springs as the left and right sides. The wire at 
the bottom has a mass of 10.0 g and is 5.00 cm long. The wire is 
hanging as shown in the figure. The springs stretch 0.500 cm 
under the weight of the wire, and the circuit has a total resistance 
of 12.0 n. When a magnetic field is turned on, the springs stretch 
an additional 0.300 em. 

ll_,.._2"4 ·1°e-V,--j~ 

14 5.00 cm~1 -

./Ma?nelic field 
Jt('" reglon 

Fig. 9.331 

1. From the above statements we can conclude that 
a. the magnetic field is directed into the plane of page 
b. the magnetic field .is directed out of the page 
c. the magnetic field is toward left in the plane of page 
d the magnetic field is toward right in the plane of page 

2. The magnitude of magnetic field is 
a. l.2T h 6T 
c.O.6T d l2T 

~- :" 

For Problems 3-5 

A particle of mass m and charge q is accelerated by a potential 
difference V volt and made to enter a magnetic field region at an 
angle 9 with the field. At the same moment, another particle of 
same mass and charge is projected in the direction of the field 
from the same point. Magnetic fie ld of induction is B. 

3. What would be the speed of second particle so that both 
particles meet again and again after a regular interval of 
time, which should be minimum? 

a. ~COSO b. ~2qV 0 -oos 
m 

c. ~sino d. ~COSB 
4. Find the time interval after which they meet. 

2nm 
b • 

nm 
•• qB 2qB 

nm 
d. 

3nm 
C. - - -

qB 2qB 
5. Find the distance travelled by the second particle during that 

interval mentioned in the above problem. 

•. --cosO b. -- --cosO 
J¥

m2n pvm 2n 
q B 3q B 

~2vm 21r 
C. -- -cosO 

q B 

For Problems 6-7 

2J¥mn d. - - -cosO 
3 q m 

A charged particle carrying charge q = 10)!C moves with velocity 
VI = 106 ms- l at angle 450 with x-axis in the xy plane and 
experiences a force Fl = 5>12 mN along the negative z~axis. When 
the same particle moves with velocity v2 = 106 ms- l along the 
z-axis, it experiences a force F z in y-direction. 

6. Find the magnetic field B. 
•. (1O-'T)(i +]) 

c. (lO-3T)[ 

b. (2xlO-3T)i 

d. (2XIO-3T) (i +]) 
7. Find the magnitude of the force F2 • 

a. 10-2 N b. 10-3 N 
c. 10-4 N d. IO-s N 

For Problems 8-10 

A conducting ring of mass m and radius r has a weightless 
conducting rod PQ of length 2r and resistance 2R attached to it 
along its diameter. It is pivoted at its center C with its plane 
vertical, and two blocks of mass m and 2m are suspended by 
means of a light in-extensible string passing over it as shown in 
Fig. 9.332. The ring is free ~o rotate about C and the system is 
placed in a magnetic fieldB (into the plane ofthe ring). A circuit 
is now completed by connccting the ring at A and C to a battery of 
e.m.f. V.lt is found that for certain value of V, the system remains 
static. 
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Fig. 9.332 

8. In static condition, find the current through rod PC. 
a.VIR b.VI2R 
c.4VIR d.2VIR 

9. Net torque applied by the tension in string can be related as 

3BVr2 BVr2 
a. b. 

R .R 
BVr2 BVr2 

C.-- d. 
3R 2R 

10. The value of V can be related with m, Band r as 
a. 2mgR I Br b. mgR I Br 
c. mgR 12Br d. 3mgR I Br 

For Problems 11-12 

There exists a long conductor along z~axis carrying a current of 10 
along positive z~direction. A loop having total resistance R is 
placed symmetrical about x~ and y~axes in xy plane as shown in 
Fig. 9.333., Potential difference Vo..;. = V is applied. Radii of arcs arc 
'a' and 'b', respectively, as shown in the figure. 

p 

P' 

Q 

Y. , 
'A 
, , M 
, 
~/M' 
k::::J~6~ ~ ~~ ~ ~ 

0, 
, N' 
, " , , 

D, , , 

Fig. 9.333 

N 

11. The magnitude of force experienced by the arc MN is 

a. zero b. PoVIo 
nRb 

d none of these 

12. The total torque acting on the loop is nearly. 

PoV/o ~ PoVlo , 
a. - -(b - a)i b. -2-- (b - a)1 

KR KR 
PoV 10 ~ 

c. --(b-a)i d. none of these 
2nR 

For Problems 13-14 

In a region, magnetic field along x-axis changes according to the 
graph given in Fig. 9,334: 

~, , , , , , , , 
TO; 2To :3To , 

- Bo __ __ , _ _ , 

Fig. 9.334 

,--, , , 

Magnetics 9.89 

If time period, pitch and radius of helix path are To, Po and Ro, 
respectively, and if the particle is projected at an angle tt 
with the positive x-axis toward positive y-axis in x-y plane, 
then 

13. select the correct statement: 

a At t = ~ , coordinates of charge are ( ~ , 0, - 280 ) 

b. At t = :~o , coordinates of charge arc ( 3~o , 0, 280 ) 

c. At t = ~ , coordinates of charge are (po, 0, - 280) 

3To () d At t = - , coordinates of charge are 3Po, 0, 2Ro 
2 

14. select the correct statement: 
a. TWo extremes (positions of charge particle during the 

motion) from x-axis are at a distance 2Ro from eaeh other 
h Two extremes from x-axis are at a distance 4Ro from each 

other 
c. Two extremes (positions of charge particle during the 

motion) from x-axis are at a distance Ro from each other 
d Two extremes from x-axis are at a distance 3Ro from each 

other 

For Problems 15-16 

The region between x = ° and x = L is filled with uniform constant 

magnetic field 25(T)k. A particle of mass m = 50 g having 

positive charge q = I C and velocity Vo =50fj[ +50) ms- l 

enters the region of the magnetic field. Neglect gravity throughout 
the question. 

y 

000000000 x _ L 
00000000 
000 ~ 0000 
0- 00000 

(00) 0000000 
'J+**-*-*,*,*"*"*"~-+., 00000000 

00000000 

Fig. 9.335 

15. The value of L if the particle emerges from the region of 

magnetic fic1dwith its vei'~eity IOO(ms- 1)[ is 
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a. 20CIll 

t . JOem 

h IO em 
d None of these 

16. The maximum and minimum values of L such that velocity 
o r emerging particle makes angle nI3 with the y-axis are 

a. L",ln = 10 cm, 4r.u """" 
b. Lmi" '" 20 cm, 4..u =40 cm 

c. 4.i" '" 10 cm, l..mu =20cm 

d. Lml" = 20 cm, 4.v. ="" 
For Problems 17-19 
A charged particle enters into a uniform magnetic field and 
rollows a spirol path as shown in Fig. 9.336. The arrows in the 
diagram represent the motion of the charged particle. For this 
situation, answer the following questions. 

Fig. 9.336 

17. Mark out the correct statement(s). 
a. If the charged p.-uticle is +ve. then direction of magnetic 

field is into the paper 
b. Net force acting on the particle is not perpendicular to its 

direction of motion 
c. The speed of particle does not remain constant 
d All of the above 

18. Which of the following quanti.tl~s , associated with the 
particle continuously decreases during motion'r 
a. Speed 
b. Angular momentum 
c. Net force acting on the particle • 
d. All of the above 

19. Which set of the quantities is remaining conserved during 
the motion of particle? 
a. Angular velocity, angular momentum, kinetic energy 
b. Angular velocity 
c. Angular velocity, total mechanical energy, magnitude of 

nel force 
d. Angular momentum, mechanical energy , 

For Problems 20-22 
Curves in the graph shown in Fig. 9.337 give, as functions of 
radius d istance r, the magnitude B. ofttle magnetic field inside and 
outside four long wires o~ h. c ~d d. carrying currents that are 
uniformly d istributed across the Cross sections of the wires. 
Overlapping portions of the plots are indicated by double labels. 

B 

, 

b, d 

<=::~---=--->, 

Fig. 9.337 

20. Which wire has the greatest radius? 
a.a b b c. c d d 

21. Which wire has the greatest magnitude of the magnetic field 
on the surface? 
a. a b.b c. c d.d 

22. The current density in wire a is 
a. greater than in wire c 
b. less than in wire c 
c. equal to that in wire c 
d. not comparable to that of in wire c due to lack of 

information 

For Problems 23-25 
Ampere's law proviaes us an easy way to calculate the magnetic 
fi eld due' to a symmetrical distribution of current. Its mathem· 

atical expression is ~s ,jj'd l = 1101,~ 
The quantity on the left hand side is known as line integral of 

magnetic field over it closed Ampere's loop. 

23. Only the current inside the Amperian loop contributes in 
a. finding magnetic field at any point on the Ampere's 100F 

b. line integral of magnetic field 
c. in both of the above 
d. in neither of them 

24. If the current density in a linear conductor of rad ius a vane: 
with r according to relation J '" kil. where k is a constan 
and r is the distance of a point from the axis of conductor 
find the magnetic field induction at a point distance r fron 
the axis when r < a. Assume relative permeability of tho 

conductor to be unity. 

IJoktra4 Jiokr3' l1okna
4 

a. b. -- c, =='-
4r 2 2r 

IJokr l 

d'-2-

25. In the above question, find the magnetic field induction at 
point distance r from the axis when r > o. Assume relativ 
permeability of the medium surrounding the conductor t 

be uhity. 

a, 
pokna4 

4, 

For Problems 26-27 

pokr 3 

b, 2 

According to Biot-8avarat's Law, magnetic fie ld due to a stroigi 
current carrying wire at a point at a distance r from it is given t 

J 
e--~"'-Ap 

, B 

Fig. 9.338 
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The direction of magnetic field being perpendicular to the 
plane containing the wire and that point. 

26. Fig. 9.339 shows a closed 100pAOCBA in which current! is 
flowing as shown. Given OA = OB = OC = a. Find the 
magnetic field at point B due to this loop. 

y 
C 

I 

0 
" A B 

I , 
Fig. 9.339 

110 I (' ') a. - --- i+k 
4fffia 

h-~(J+k) 
41l-fia 

-Jiol (' ') c. r;:- J+k 
2v2ffa 

d. None of these 

27. Find magnetic field at point 0 in Fig. 9.314. 

110 I (' ') a. - --i+k 
4"a 

-110 1 (, ') e. - -- I+k 
2"a 

For Problems 28-29 

110
1

(' ' ) b. -- j+k 
4"a 

-/10 1 (' ') d. ~ J+k 
2,,2ffa 

In Fig. 9.340, the circular and the straight parts of the wire are 
made of same material but have different diameters. The magnetic 
field at the center is zero. 

I 

Fig. 9.340 

, , , , 

28. Ratio of the currents II and!2 flowing through the circular 
and straight parts is 

.fi a, -
2" 

b, 2.fi 

" 
3.fi 

d - , 2.fi" 
29. The ratio of the diameters of circular and straight parts is 

.fi a, 
2" 

For Problems 30-31 

b, 2.fi 
ff 

A charged particle of mass m and charge q is projected on a rough 
horizontal X- Yplane, both electric and magnetic fields are acting 

in the region and given by if = - Eok and B = -auk, respectively. 

Magnetics 9.91 

At t = 0, the particle enters into the field at (Au, 0,0) with velocity 

v = Yo]' The particle starts moving into a circular path on the 
plane. If coefficient of friction between the part icle and the plane 
is /1, then calculate the 

30. time when the partide will come to rest. 

mvo 2mvo a, b. 
/1(m8 +qE) /1(lIIg +2q£) 

e. 
3mvo d. None of these 

/1(2mg+q£) 

31. length of the path travelled by the particle when it comes to 
rest. , __ m"""o,-" a. 

/1(l1Ig + q£) 

c. mV6 
i/1(mg + qE) 

For Problems 32-33 

3mv6 
b. c-c='--=c 

2/1(mg + q£), 

d. None of these 

A charged particle carrying charge q = 10 IlC moves with velocity 
VI :::: 106 ms- I at angle 45° with x-axis in the xy plane and 

experiences a force FI = 5..fi mN along the negative z"axis. 
When the same particle moves with velocity v2 = 106 ms-1 along 
the z-axis, it experiences a force F2 in y-direction. 

32. Find the magnetic field B. 
a. (lO-3T )(i +]) 

c. (1O-3T)i 

b. (2xI0-3T)i 

d. (2x l o-3T) (i+]) 
33. Find the magnitude orthe force F2. 

a. 10-2 N b. 10-3 N 
C. 10-4 N d. IO-s N 

For Problems 34-36 

In a certain region of space. there exists a uniform and constant 
electric field of magnitude E along the positive y-axis of a co
ordinate system. A charged particle of mass 'm' and charge ' - q' 
(q > 0) is projected from the origin with specd 2 v at an angle of 60° 
with the positive x-axis in x-y phme. When the x-coordinate of 

. I b J3 mv
2 

' f.' d . partlc e ecomes ---, a unllonn an constant magnetic 
qE 

field of strength B is also switched on along positive y-axis. 

34. Velocity of the particle just before the magnetic field is 
switched on is 

a. vi 

, .,fj" ' .,fj", 
c. VI -T J d.2vi- 1 j 

35. x-coordinate ofthe particle as a function of time after the 
magnetic field is switched on is 

.,fjm,' R' ('Iii ) a. - -- sm - I 
qE III 

c . ../3mv
2 

_ Rcos(qB f) 
qE . III 

h .fin'" R' (qE ) - -+ sm-f 
'IE ' m 

../3mv
2 R ('Ill) d --+ COS· - f 

qE III 

, 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



9.92 Physics for JIT·JEE: Electricity and Magnetism 

36. z-coordinate of the particle as a function of time after the 
magnetic field is switched on is 

.. +00'( ;: III 
c. -+co,(;: III 

For Problems 37 -40 

h +'in(;: III 
d. -+co,(;: III 

A particle of mass m and charge q enters with velocity Vo 
·perpendicular to a magnetic field B (coming out of the plane of 
the paper) as shown in Fig. 9.341. It moves in the magnetic field 

for I ::= llm and thcn enters into a constant electric field region. 
4qB 

The electric and magnetic fields are present only in a rectangular 
region of thickness d. Thc length of rectangular region is e, the 
particle enters parallel to and grazing side RQ. The particle leaves 
the region at P. 

q " 
0--+ 

'" 

Fig. 9.341 

EIB::=8ms-1, l = -- Vo Ametrcsand -=-
1

4.J2 I no 4 
5 dB 5 

37. Displacement of the particle in x-direction before it enters 
in the electric field is 

a. H2+ Jz)m 
c. ~(1- J,)m 

b. ~(1 +_1 ) m 
5 .J2 

d. none of these 

38. Length of thc electric field region is 

a. ~(2+ Jz)m b. ~(l+ Jz)m 
C.~(I ~~)m dnoneofthese 

39. Time taken by the particle to cross the electric field region is 
a. 4/5 s b. 3/5 s 
c. 115 s d. none of these 

40. The value of f-d is cqual to 
a.3m . b.4m 

c.2m d.lm 

For Problems 41-43 

l\vo long, straight, parallel wires arc 1.00 m apart (as shown in Fig. 
9.342). The upper wire carrics a current 11 of6.oo A into the plane 
of the paper. 

Q 

f 
0.50 III 

II - 6.00 A 

O·6Q~s 

1.00m /. 

0.80m 

0.50m 

i 
p 

Fig. 9.342 

41 . What must the magnitude and direction of the current 12 be 
for the net field at point P to be zero? 

a. 3.00 A b . ..J3 A 
c.2.00A d. l.OOA 

42. What are the magnitude and direction of the net field at Q ? 
a. 2.13 x 10-6 T b. 4.26 X 10-6 T 

c. 1.21 X 10-6 T 
43. What is the magnitude of the net field at S ? 

a.4.1x1O-6T b. J.6xI0-6 T 
c. 3.2 x 10-6 T d. 2.1 X 10-6 T 

For Problems 44-46 

Fig. 9.343 shows an end view of two long, parallel wires 
perpendicular to the xy plane, each carrying a current I, but in 
opposite directions. 

y 

t • I 
, 

P 

" _.--->i 
:l: I 

Fig. 9.343 

44. Derive the expression for the magnitude of jj at any point 
on the x-axis in terms of the x-coor?inate of the point. What 

is the direction of 8? 

a. .J2!'oJa h 3pola 

1l(x2+a2) 7r(x2+a2) 

c. /-lola d. !'oJa 

27r(x2+a2) 7r(x2+a2) 
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45. Graph the magnitude of B at points on the x-axis. 

1.20 -·-·--- j -,--
I
, -----1 ---I " ---1 

"'l 1.00 -, '''--j' ----j. , --) . -"'''--1 080 --- - - -'-I-,! . _ ,j __ _ ... .. * 060 · -- - --- /. r -- .. i-.,-'" j 
Jj 040 ~---f--- -+- - r --+ '~-j-_".'_.'. 

0.20 --- ' I f I_ 
0.00 1 1 It. 
- 3.00 -2.00 - 1.00 0.00 1.00 

x (/a) 

,. 
1.20 --- 1--" I 
1.00 ·- --~i·--+---i 0,80 - - -1- + -i 

'" 0.60 ------r-- --.--;- '''--1--
Jj DAD . .. ___ j., I 

0.20 .. -- --- i-- .. ~ __ c,. 

0.00 
- 3.00 -2.00 - 1.00 0.00 

1.20 - '-'-_j __ I __ 
1.00 ,- '- -- ... f-

x (fa) 

b. 

Lon 

2.00 3,00 

' __ I 
I-J 
T '. I 
,-j 

2.00 3.00 

' [ -1 
----t----- 1 _~ 0.80 .• ,' _I" -,'-' .. . (> ) 

'" 0.60 
~ I 1- --I 

~:~~ -- ,. r - r ' --i 
O.OO~L-"c:==-_c':::__:_:::___:::-_c':c':::-_:':.,_. 
-3.00 -2.00 -1.00 0.00 1.00 2.00 3.00 

x (/n) 

d. 

r- -
• II ~ 

] ~:~ -~-~r--. - -~ J 

, ., , 
'1 

0.20 --I ' --+ ---+ 
O.OO~_c':c':::-_:':::__::':::___:=-_c':c':::--?::-. 

-3.00 - 2.00 - 1.00 0,00 1.00 2.00 3.00 
X (III) 

,. 
Fig. 9.344 

46. At what value of x is the magnitude of jj a maximl'm ? 

n.x ::: O b. x ,= -fi a c. x=ll-fi a d.x=aI2 

For Problems47-49 

Repeat the above problem, but with the current in both wires 
shown in Fig. 9.345 direeled into the plane of the f~ure. 

47. Derive the expression for the magnitude of B at any point 

on the x-axis in terms of the x-coordinate of the point. What 
~ 

is the dircclion of B? 

a. ..fi po/a 
~ 

3po/a 
1Z'(X2 +(2) , 1Z'(x2 +a2) 

<. po/a 
d. po/a 

21Z'(x2+a 2) Jt(x2 +(2) 

- .. -

Magnetics 9.93 

48. Graph the magnitude of jj at points on the x-axis. 

0.60 

0.40 

• 0.20 

~ 0,00 
~ -0.20 

TJT~ i lT11 
I I' f I 1 'I 

j 1 -' j I ii 'OAo :,rl-:-j-'-:,: 'TFI 
-{).60~':-.L.J",-L,-!':,-l~;:-l.,..:,:-,-;+,,-> 

- 5.00 -3.00 - 1.00 1.00 3.00 5.00 
X (III) 
,. 

060~ 'T '" ", . I'j , 
0.40 -~r-- --r---i- ~--~ - . --1 

• 0.20 - I " ' I'c' .J 
]0.00 1 I:~' 1 

~ -0,20 ~-l- T-r" --1--:--- I 
·OAO '+- . "'1" ,' " L 
-0.60 : I 

-5.00 -3.00 -1.00 1.00 3.00 5,00 
x (fll) 

b. 

0.60 "TTT'~' · .. ·c·, T'l " 
0.40 ---!---1--, ---1' - - -j- . i --t-" -(---1 

"'l 0.20 -- J r I ;-.. 'j- -J -r I i 

1l
0

.
00 "I' I' i' £ -0.20 ---I ~j---I ·--r -·- -- 1---) .. j "'i 

~:: , .. ,----- 'J-')"- ') --: 
- 5,00 - 3,00 -1.00 1.00 3.00 5.00 

x (/a) 
,. 

~:: ~'~:~--.l~'-- -1' I' I- I 

• 020 -1'1-11;-' -1=1 
~ 0.00 , I I'· -
£ -O,20 --I'- '''-j-
~::~ --1"-+-: --'I" 

-5.00 -3.00 -1.00 
x (Ia) 

d. 

1.00 

Fig. 9.345 

3,00 5,00 

49. At what value of x is the magnitude of jj a mllximum ? 

a.x ::: O b.x=..fia 
c. x=±aI2 d x=±a 

For Problems 50-52 

An electron with a speed Vo « c moves in a circle of radius ro 
in a uniform magnetic ·field. The time required for one revolution 
of the electron is To- The speed of the electron is now doubled 
to 2vo. 
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9.94 Ph~sics for IIT-JEE: Electricit~ and Magnetism 

SO. The radius of the circle will change to 
a. 4ro h 2ro c. 1"0 d 1"0 12 

51. The time required for one revolution of the electron will 
change to 
a.4To b.2To c. To d. T r:/2 

52. A charged particle is projected in a magnetic field 
Ii = (21 + 4]) x 10-2T. The acceleration ,of the particle is 

found to be a = (xl + 2]) ms-2. Find the valu~ of x. 
a. 4 ms-2 b. - 4 ms-2 c. - 2 ms-2 d 2 ms-2 

For Problems 53-54 

.Uniform electric and magnetic fields with strength E and induction 
B. respectively, are along y-axis as shown in Fig. 9.346. A particle 
with specific charge qlm leaves the origin 0 in the direction of x
axis with an initial non-relativistic velocity Yo ' 

, 

E r 
~e1ix ,,:,ilh 
increasing 
picture 

Fig. 9.346 

53. The coordinate y" of the particle when it crosses the y-axis 
for the nih time is 

2ff2mn2 E 
a. 

qB' 

2ff2mn2E .fjff2mn2E 
c. 3qB2 d. qB2 

54. The angle a between the particle's velocity 
y-axis at that moment is 

a. tan -I ( 3voB ) 
2ffnE 

. ,( 'oB ) C.tan ~ 
,,21mE 

For Problems 55 -56 

vector and 

A thin, 50.0cm long metal bar with mass 750 g rests on, but is not 
attached to, two metallic supports in a uniform 0,450 T magnetic 
field, as shown in Fig. 9.347. A battcry and a 25.0 n resistor in 
series are connected to the supports. 

v R 

i! 
X X X X X 

x X X 

Fig. 9.347 

55. What is the largest voltage the battery can have without 
breaking the circuit at the supports? 
a. 817 V h 412 V c. 325. V d 160 V 

56. The battery voltage has the maximum value calculated in 
Q.55. If the resistor suddenly gets partially short-circuited, 
decreasing its resistance to 2.0 n, find the initial accelera
tion of the bar. 

a. 113 ms-2 b. 55 ms-2 c. 180 ms-2 d. 12.4 ms-1 

For Problems 57 -58 

The circuit shown in Fig. 9.323 is used to make a magnetic balance 
to ~eigh objects. The mass m to be measured is hung from the 
center of the bar that is in a uniform magnetic field of 1.50 T, 
directed into the plane of the figure. The battery voltage can be 
adjusted to vary the current in the circuit. The horizontal bar is 
60.0 cm long and is made of extremely light-weight material. It is 
connected to the battery by thin vertical wires that can support 
no appreciable tension; all the weight of the suspended mass m is 
supported by the magnetic force on the bar. A resistor with R 
;:: 5.00 Q is in series with the bar; the resistance of the rest of the 
circuit is much less than this. 

V 
8a1tery 

X X 

X X X 

b 5.00n 

i! 
X X X X 

X X X X 

Fig. 9.348 

57. Which point, a or b, should be the positive terminal of th{ 
battery? 
a. a b. b 
c. Either a or lJ 
d. No conclusion can be drawn 

58. If the maximum terminal voltage of the battery is 175 V, wha 
is the greatest mass m that this instrument can measure? 

a. 10.2 kg b. 3.21 kg c. 20.4 kg d. 5.2 kg 

For Problems 59-60 

A conducting bar with mass m and length L slides over horizonta 
rails that are connected to a voltage source. The voltage sourc< 
maintains a constant current I in the rails and bar, and a constanl 
uniform, vertical magnetic field Ii fills the region between the rail 

(as shown in Fig. 9.349). 

Fig. 9.349 
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59. Find the magnitude and direction of the net force on the 
conducting bar. Ignore friction, air resistance and electrical 
resistance. 
a. ILB, to the right. b. ILB, to the left. 
c. 2ILB, to the right. d. 21L8, to the left. 

60. If the bar has mass m, find the distance d thai the bar must 
move along the rails from rest to attain speed v. 

3v2m 
a.--

2lLB 

For Problems 61-62 

c. 
ILB 

,'m 
d. 

llLB 

As shown in Fig. 9.350, a thin, flexible wire hangs from point P in 
a region where there is a uniform, horizontal, magnetic field of 
magnitude B directed into, and perpendicular to, the plane of the 
figure. A weight is attached to the bottom of the wire to provide a 
uniform tension T throughout the wire. (The weight of the wire 
itself is negligible.) When a current I flows from the top to bottom 
of wire, the wire curves into a circular arc of radius R. 

Fig. 9.350 

61. By considering the forces on a small segment of wire that 
subtends an angle e, find the radius of curvature of the wire. 
n.R=lT/lB b.R=T/3lB 

c.R=.fiT/B d.R=TIlB 
62. The wire is now removed. A negatively charged particle of 

charge -q and mass m is launched from the same point P 
from which the wire was hung, in the same' direction as that 
in which the wire extended from P. If the trajectory of the 
particle follows the same circular arc as in previous problem, 
the speed of the particle will be 
a. Tq/ ml b. 2Tq/ ml 

c. Tq / 3ml d . .fi Tq / ml 

For Problems 63-64 

A thin, uniform rod with negligible mass and length 0.200 m is 
attached to the floor by a frictionless hinge at point P (as shown 
in Fig. 9.351). A horizontal spring with force constant k =4.80 
Nm- I connects the other end of the rod to a vertical wall. The rod 
is in a unifOim magnetic field B = 0.340 T directed into the plane of 
the figure. There is current 1 = 6.50 A in the rod, in the direction 
shown. 

53.0" 

Fig. 9.351 

Magnetks 11.115 

63. Calculate the torque due to the magnetic force on the rod. 
for an axis at P. 

a. 0.0442Nm- l ,ciockwise 
b. 0.0442 Nm- l , anticlockwise 
c. 0.022 Nm- l , clockwise 
d 0.022Nm- l , anticlockwise 

64. Whcn the rod is in equilibrium and makes an angle of 53. 0° 
with the floor, is the spring stretched or compressed? 
a. 0.05765 m, stretched 
b. 0.05765 m, compressed 
c. 0.0242 m, stretched 
d. 0.0242 m, compressed 

For Problems 65-66 

At your laboratory's location, the earth's magnetic field has 
magnitude 1.0 x 10-4 T and points north. A long, straight wire 
(wireA) runs in a north-south direction along the laboratory floor. 
You know that the wire carries current from south 10 north, but 
you do not know the magnitude of the current. To find out, you 
place two other long, straight wires on the floor parallel to wire 
A. Wire B is 5.0 em to the cast of wire A and wire C is 10.0 em to 
the east of wire B. You connect sources of e.m.f. to wires Band C 
so that a constant current of 1.0 A flows from south to north in 
wire B, while an adjustable amount of current flows in wire C. 
Wires A and C arc attached rigidly to the floor, while wire B is 
able to slide around. You find by experiment that wire B will 
indeed start to slide one way or the other unless there is a 3.0 A 
current in wire Clhat flows from south to north. If this is the case, . 
wire B remains at rest. 

65. How much current is flowing in wire A? 
a2A b.I.5A 
c.2.5A d.3A 

66. If the current in wire C were increased to 
direction would wire B tend to slide? 

a. Wire 8 will slide to the right 
h Wire B will slide to the left 
c. Wire B will slide up the page 
d Wire B will slide down the page 

For Problems 67-69 

A wire carrying a lOA current is bent to pass through various 
sides ofacube of side 10 em as shown in Fig. 9.352. A magnetic 

field jj = (21 - 3) +k)T is present in the region. Then, find 

y 

2-------------- .. 
- - -- - -- - - -- - -1' ...... 

3 

4 

Fig. 9.352 

, , 
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9.96 Physics for IlT-JEE: Electricity and Magnetism 

67. the net force on thc loop shown. 

b. Fn.! =(O.Ji-O.2k)N 

c_ Fno, = (O.3! +o.4k) N d F,lci = (O .36k) N 
68. the magnetic moment vector of the loop. 

, - ' 2 
a. (O.li +O.OSj-O.OSk)Am 

b. (o.li+0.os}+o.OSk)Am2 

- - - 2 c. (O.li-O.OSj+O.OSk)Am 

- - - 2 d (O:li-O.OSj - O.OSk)Am 

69. the nct torque on the loop. 

a. -o .li +OAkNm 

c.o. li-OAkNm 

Matching CoLumn 
Type 

b. - o.li-OAkNm 

d o.li-OAkNm 

Solulions all page 9.145 

Column 1 and Column II contains four entries cacho Entries of 
Column 1 are to be matched with some entries of Column II. One or 
more than one entries of Column I may have the matching with the 
same entries of Column II and one entry of Column I may have 
one or more than one matching with entries of Column I. 

I. A long current carrying wire and a loop madc of conducting 
wire are placed inx-yplane, such that the long wire is parallel 
to y-axis. Column I is regarding some changes made in the 
position ofloop and Column II indicates the resulting effects . 

• B',--+-' -- C 

---- -,----- -"x 

A,'-- i---V 

Fig. 9.353 

Match thc columns: 

Column I ColumnTI 

i. If loop is moved away a. current is induced in the 
from the wire while loop in anticlockwise 
kceping in x-y planc, direction 

iio Ifloop is moved toward h current is induced in the 
tlkwire while keeping in loop in clockwise 
x-:-y plane direction 

iii. If loop is rOlatcd about c, no e.m.f. is induced in 
x-axis, then just after this the loop 

iv. If loop is rotated about d the wire will attract 
y-axis, thenjust after this or repel the loop 

2. A beam conSlstltlg offourtypes of IOns A, B, Cand Denters 
a region at P that contains a uniform magnetic field as 
shown in Fig. 9.354. The field is perpendicular to the plane of 
the paper, but its precise di rection is not given. All ions in 
the beam travel with the same speed. The following table 
shows thc masses and charges of the iOllS. 

Ion 

A 
B 
C 
D 

Region containing 
magnctic field 

! 2 3 4 

..-1"2-*--"--+ +--'.---+---"---+ 
[011 beam 

Fig. 9.354 

Mass 

2m 
4m 
2m 
m 

Charge 

e 
-e 

e 
+e 

The ions fall at different positions 1,2,3 and 4 as shown. 
Correctly match the ions with their respective positions offall. 

Column I Column II 

;, A a I 
ii. B 

" 
h 2 

iii. e c, 3 
'. d :· '4 

, 

W, D 

3. Column II gives four situations in which three or four semi
infinite current carrying wires are placed in xy plane as 
shown. The magnitude of the direction of current is shown 
in each figure. Column I gives statements regarding the x
and y-components of magnetic field at a point P whose 
coordinates are (0, 0, d). Match the statements in Column I 
with the corresponding figures in Column II. 

Column I 

i. The x-eomponent,of 
magnetic field at point 
P is zero in 

a 

ii. The z-component of b. 
magnetic field at point P 
is zero in 

, )' , 

., 
" ' 

--;->---1f--+- -- • 
il3 

il3 

y 

,/ 
;n 

.,--+-_"' ________ x .,. 
;n 

, , , 
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iii. The magnitude of c. 'Y , 
magnetic fie ld al poin! P in 

is Po i in 
4"d 

- - ---+-- -- -- . ___ .1' 

in 

iv. The magnitude of d. 
magnetic field at point P 

is Icss than 
Po; . 
--m 
4"d - -· ___ _ x 

'" 
in in '. 

Fig. 9.330 

4 . A square loop of uniform conducting wire is as ~hown in 
Fig. 9.355. A current l (in nmperes) enlers the loop from one 
end and exits the loop from opposite end as shown. The 
length of one side uflhe square loop is e meter. The wire has 
uniform cross-section arca and uniform linear mass density. 
In four situations ofCoJumn I, the loop is subjected to four 
different magnetic fields . Under the conditions ofCoJumn I, 
match the Column I with corresponding rc. .. ulls of Column Ii 
(80 in Co lumn I is a posit ive non-zero constant) 

' + , 

~ __ --> __ ...J. __ -. 1> x 

J? ill 

Fig. 9.355 

Column I Colunmll 

i. iJ = Eo i in tesla a. Magnitude of net force 

on the loop is .fi Eol f. 
ne wton 

ii. 8=B,} in tesla b. Magnitude o f net force 

B=Bo(i +J) intesla 
on the loop is zero 

iii. c. Magnitude of net torque 
o f the loop about its 
center is zero 

iy. B=Bok in tesla d Magnitude of net force on 

the loop is Bol t newton 

S. A charged particle wi th some initia l velocity is projected in a 
region whcre no n·zero elcctric andlor magnetic fields arc 
present. In column I, information about the existence of 

electric ,md/or 1\1,1gnctic field and di rc~~l i on of initial veloc ity 
of charged p<lnicle arc given, while in Column lithe probable 
path of the charged panicle is mcntioncd. Match the e ntries 
ofColurnn I with thc entries ofColl!111n [I. 

Column I Coltmmll 

i. E=O. B;;tO. andinitiai ,I. Straighl line 

velocity is at any angle with B 
i i, E ;;t 0, jj == 0 and initial b. Parabola 

ve locity is at any angle wilh C 

iii. E :t: O,B;;tO,EIIB und c. Circulur 

initial velocity is .i 10 both 

W, EcF O, BcFO,E d. Helical path with 

perpendicular B to and non-uni form pitch , perpendicular to both E 

and B 

6. An elementary current loop is placed in II no n-un iform 
magnetiC field as showll in Fig. 9. 356. In Column I, di fferent 
orientations of loop ;Lrc described and in Co lumn II , the 
corres ponding forces cxpcricncctl by the loop. 

l' 

......--- X 

-~ 
F ig. 9.356 

Colullln l Colunm ll 

i. In the given s ituation. a. rcsultalll force " 
m.: ting aiong p"~ 

ii. If loop is rotated such that b. rcsuhant force is act ing 

P,,, is along +ve opposite to P,,, 
Z-direction, 

iii. If loop is rotated such that c. F.\.= O, F).= O 

P,,, is along - ve 

Z-dircction 
iv. If loop is rotmed such lhut d I'~' =O,F, =O 

P'" is a long +ve 

Y· direction 

7. Consider a closed loo p in the fonn (If II Trapezium carrying 
current I . Match lhe fo llowing regarding the magnitude of 
magnetic fi e ld al point P. 
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9.98 Phy~i,s for IIT-JEE: Elec trici ty and Magnetism 

Column! ColumnD 

i. Magnetic field due toAB a. is greater than that due 
toDA 

ii. Magnetic field due to BC h is greater than that due 
to CD 

iii. Magnetic field due to DA c. is not equal to zero 
iv. Magnetic field due to d is zero 

complete figure 

8. Match Column I with Column II 

Column I ColunmD 

i. A charge particle is a. Velocity of the particle 
moving in unifOlm electric may be constant. 
and magnetic fie lds in 
gravity free space. 

ii. A charge particle is h Path of the particle may 
mov ing in unifonn ele<: tric be straight line. 
magnetic and gravitational 
fields. 

iii. A charge panicle is moving c.' Path of the particle may 
in unifonn magnetic and be circular. 
gravitational fields (where 
electric field is zero). 

iv. A charge particle is d Path of thc particle may 
moving in only uniform bchelical. 
electric field. 

9. A square loop IS placed near a long straight cUlTent carrymg 
wire as shown in Fig. 9.357. Match the fOllowi ng table: 

Fig. 9.357 

Column! CoIumnD 

i. If current is increased, a. induced current in loop 
is clockwise 

ii. If current is decreased, h induced current in loop 
is anticlockwise 

iii. If loop is moved away c. wire will aumct the loop 
from the wire, 

- iv. If loop is moved toward d wire will repel the loop 
the wire, 

10. A circu lar currem carrymg loop of 100 !Urns and radIUS 
! 0 cm is placed in .t-y plane a~ shown in Fig. 9.358. A unifonn 
magnetic field jj = (-1 + k) tesla is present in the region. If 
current in the loop is 5 A.then match the foHowing: 

, 

Fig. 9.358 

-

ColunmI ColumnD 

i. Magnitude and direction of a. Zero 
moment (in A-m) of the loop are 

ii. Magnitude and direction of h SH 
torque (in N-m) on the loop are 

ill. Magnitude and direction of c. along positive 
net force (in N) on the z-axis 
current loop are 

iv. Direction of magnetic field d along negative 
of loop at the center is )'-ruds 

11. A square loop of Side (l and carrymg current, as shown In 

Fig. 9.359 is placed in gravity free space having magnetic 
field B = BoJ. Now, match the fOllowing: , 

- +-1-+-+.' 

Fig. 9.359 

Column! ColunmD , 

i . Torque on loop a. is zero 
ii. Net force on loop b is along x-axis 

, iii. POlential energy of loop c. is along negative z-axis 
iv. Magnetic moment of loop , d has maximum magnitude 

12. A charged p3l11cie passes through a region thai could have 
electric ficld only or magnetic fic ld on ly or both electric and 
magnctic fields or nonc of the ficlds . Match Column I with 
Column II : 

Column I CoIumnn 
i. Kinetic energy of the a. Under special conditions 

panicle remains constant this is possible when bot 
ele<:tric and magnetic 
fields are present 

ii. Acceleration of the b. The region has electric 
panicle is zero field only 

Iii. Kinetic energy of the c. The region has magnetic 
pm1icle changcs and it field only 
also suffers deflection 

iv •. Ki netic energy of the d The region contains 
particle changes but it no field 
suffers no deflcction 

. -13. Three Wires are carrymg SIDIle constant current I m different 
directions. Four loops enclosing the wires in different manners 
are shown in Fig. 9.360. The direction of dl is shown in the 
figure. 

.-- -. -, 
( 

C .. ,. ) 
( .-
~ .- ~ - :> 

Fig. 9.360 
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Column! Columnll 

'" !) ;!' -+ -+ 
i. Along closed Loop I "a., pB d l = /lri 

',l:'.;·x-·, ,,';;/, ;,,\1,< ';~!(' { ' '4 t~ . ,'; , " 

. ii. Along closed Loop 2 .1 • h pB"de '=-/loi ': , 
" rj r-': ! , -+ ·c' L , 

' iii. Along closed Loop 3 c. ,! ~·dl \fO'''t , !"j( , , ,. J, d, J' 1 ,,: . 

. !{,.lv. Along c,losed Loop 4 d. net work done ~y the 
\"~' . . 

magnetic force to move a • "J";: :,1 \ • " 

, .• "". , 

. unit charge along the loop 

" 
, ,>.-<:. . , . .,,, ".1-, IS zero 

" Solutions 011 page 8.132 

Fill in the Blanks Type 

1. A neutron, a prO,ton, an electron and an alpha particle' enter 
a region of constant magnetic field with equal velocities. 
The magnetic field is along the inward nonnal to the plane of 
the paper. The tracks of the particles are labelled in 
Fig. 9.361. The electron follows track _ _ and the alpha 
particle fonows track _ _ . (lIT -JEE, 1984) 

x X X eX X X X 

B 
X X X X X X X 

X X X X X X 
A 

X X X X X 

X X X X X D 

Fig. 9.361 

2. A wire of length L meters, carrying a current i amperes, is 
bent in the fonn ofa circle. The magnitude of its magnetic 
moment is __ in M.K.S. units. (lIT-JEE,1987) 

3. In a hydrogen atom, the electron moves in an orbit of radius 
0.5 A making 1016 revolutions per second. The magnetic 
moment associated with the orbit motion of the electron is 

(liT ..lEE, 1988) 

4. The wire loop PQRSP fonned by joining two semicircular 
wires of radii R I and R2 carries a current J as shown. The 
magnitude of the magnetic induction at the center C is 

OIT ..lEE, 1990) 

Fig. 9.362 

Magnetics 9.9:9 

5. A wire ABCDEF (with each side oflength L) bent as shown 
in Fig. 9.363 and carrying a current 1 is placed in a unifonn 
magnetic induction B parallel to the positive y-direction. The 
force experienced by the wire is _ _ iii the __ 
direction. (UT ..JEE,l990) 

z 

e 

B 

x 

D 

J 

,oE 
).':,o_--~y 

A 

Fig. 9.363 

F 

6. A metallic block carrying current J is subjected to a unifonn 

magnetic induction as jj shown in Fig. 9.364. The moving 

charges experience a force F given by _ _ which results 

in the lowering of the potential of the face _ _ . Assume 
the speed of the carriers to be , v. (lIT ..JEE,1996) 

y 

G , , 
: F: , , , . __ +O...jbL"":=---r--.----.--- -r- .. 'cAZ-+H-'+_~~ - ~--~--~-- ~--~ x " : :: :0 ' 

, ' " 
, -~'-i-+'-i'~'r-i! At- ' " , 

J---.~ 

c,IC,'.J--I-l-I+-V:D 

z 

Fig. 9.364 

7. A uniform magnetic field with a slit system as shown in 
Fig. 9.365 is to be used as a momentum filter for high-energy 
charged particles. With a field B tesla, it is found that the 
filter transmits particles each of energy 5.3 MeV. The 
magnetic field is increased to 2.3B tesla and deuterons are 
passed into the filter. The energy of each deuteron 
transmitted by the filter is __ MeV. (IIT..JEE,1997) 

® ® ® ® ® ® ®B' 
® ® .. ®"®"'@ .. ® ® 
®/!l' ® ® ® ®\® 
C!f®®®®®'y:!> 
i I 

Source Dete<:tor 

Fig. 9.365 
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9.100 Physics for lIT -JEE: Electricity and Magnetism 

True or False 

1. No net forces act on a rectangular coil carrying a steady 
current when suspended freely in a uniform magnetic field. 

(lIT-JEE,1981) 
2. There is no charge in the energy of a charged particle 

moving in a magnetic field although a magnetic force is 
acting on it. (lIT-JEE,1983) 

3. A charged particle enters a region of unifonn magnetic field 
at an angle to the magnetic line of force. The path of the 
particle is a circle. (lIT.JEE, 1983) 

4. An electron and a proton are moving with the same kinetic 
energy along the same direction. When they pass through a 
uniform magnetic field perpendicular to the direction of their 
motion, they describe circular paths of the same radius. 

(TIT-JEE,1985) 

Single Correct Answer Type 

1. A magnetic needle is kept in a non· uniform magnetic ficld. It 
experiences (lIT-JEE, 1982) 

a. a force and a torque 
b. a force but not a torque 
c. a torque but not a force 
d neither a force nor a torque 

2. A conducting circular loop Qf radius r carries a constant 
~ 

current i. It is 'placed in a uniform magnetic field Bo A 
perpendicular to the plane of the loop. The magnetic force 
acting on the loop is (lIT-JEE,1983) 
a. irBo b. 2ffirBo 
c. zero d ffirBo 

3. A rectangular loop carrying a current i is situated near a long 
straight wire such that the wire is parallel to one of the sides 
of the loop and is in the plane of the loop. If steady current 
I is established in the wire as shown in the figure, the loop 
will, (TIT-JEE, 1985) 

Fig. 9.366 

a. rotate about an axis parallel to the wire 
b. move away from the wire 
e. move tr.ward the wire 
d remain stationary 

4. Two thin long parallel wires separated by a distance bare 
carrying a current I ampere each. The magnitude of the force 
per unit length exerted by one wire on the other is 

(lIT-JEE,1986) 

5. Two particles X and Y having equal charges, after being 
accelerated through the same potential difference, enter a 
region of uniform magnetic field and describe circular paths 
of radii RI and R2, respectively. The rat io of the mass of Xto 
that of Y is (IIT,·JEE, 1988) 

a. (R 1/R2) i l2 b. RiRI c. (R/R,;/ d RI'R2 

6. A current / flows along the length of an infinitely long, 
straight, thin walled pipe. Then (lIT .JFE, 1993) 

a. the magnetic field at all points inside the pipe is the same, 
but not zero 

b. the magnetic field at any point inside the pipe is zero 
c. the magnetic field is zero only on the axis of the pipe 
d the magnetic field is different at different points inside 

the pipe 
7. A battery is connected between two points A and B on the 

circumference of a un.iform conducting ring of radius rand 
resistance R. One of .the arcs AB of the ring subtends an 
angle () at the center. The value of the magnetic induction at 
the centre due to the current in the ring is (lIT -JEE,l99S) 

a. proportional to 2 (180" - B) 
b. inversely proportional to r 
c. zero, only if ()= 180" 
d zero for all values of () 

8. A proton, a deuteron and an a-particle having the same 
kinetic energy are moving in circular trajectories in a 
constant magnetic field. If r", I'd and radenote, respectively, 
the radii of the trajectories of these particles, then 

(TIT-JEE, 1997) 

c. ra = rd>rp d r,, = r,, = ra 

9. Two particles, each of mass m and charge q, are attached to 
the two ends of a light rigid rod of length 2R. The rod is 
rotated at constant angular speed about a perpendicular axis 
passing through its center. The ratio of the magnitudes of the 
magnetic moment of the system and its angular momentum 
about the center of the rod is (IlT-JEE,1998) 
a. ql2m b. qlm c.2qlm d qlmn 

10. A metal rod moves at a constant velocity in a direction 
perpendicular to its length. A constant, uniform magnetic 
field exists in space in a direction perpendicular to the rod as 

/ well as its velocity. Select the correct statement(s) from the 
following: (lIT·JEE,1998) 

a. The entire rod is at the same electric potential 
b. There is an electric fie ld in the rod 
c. The electric potential is highest at the center of the rod 

and decreases toward its ends 
d The electric potential is lowest at the center of the rod, 

and increases toward its ends 
11. Two very long, straight, parallel wires carry steady currcnts 

I and -I, respectively. The dis tance between the wircs is d. 
At a certain instant of time, a point charge q is at a point 
equidistant from the two wires. in the plane of the wires. Its 
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- , - - -''It!lI -

instantaneous velocity v is pcrpendicuJuf to this plane. The 
magnitude of the force due to the magnetic field acting on 
the charge at this instant is (IIT-JEE,1998) 

a. J10 lqv b. flolqv c. 2J1olqv d 0 
2ffd ffd ffd 

12. A drcular loop of radius R, carrying current / , lies in x-y 
plane with its center at origin. The total magnetic flux 
through x-y plane is (lIT.JEE,1999) 

a. directly proportional to 1 
b. directly proportional to R 
c. inversely proportional to R 
d zero 

13. A charged particle is released from rest in a region of steady 
and uniform electric and magnetic fields which are parallel to 
each other. The particle will move in a (IIT-JEE, 1999) 
a. straight line h circle 
c. helix d cycloid 

14. A particle of charge q and mass 111 moves in a circular orbit of 
radius r with angular speed w. The ratio of the magnitude of 
its magnetic moment to that of its angular momentum 
depends on (llT-JEE,2000) 
a. OJand q b. (t),qandm 
c. q and m d OJ and m 

IS. Two long parallel wires are at a distance 2d apart. They carry 
steady equal currents flowing out of the plane of the paper, 
as shown (Fig. 9.367). The variation of the magnetic field B 
along the line XX' is given by (llT-JEE,2000) 

.. b • 

, I ' 'I '~B)'l 'B 
X ~ + X' X "'~:f--7"-,-t--,ox' 
j i i( >, ':,( : d d: I: 

, • ~ I " .0'-_<-'+ 

,. d. 

Fig. 9.367 

16. An infinitely long conductor PQR is bent to form a right 
angle as shown in figure. A current [flows through PQR. 
The magnetic field due to this current at the point M is H. 
Now, another infinitely long straight conductor QS is 
connected to Q so that current is I12 in QR as well as in QS, 
the current in PQ remaining unchanged. The magnetic field 
at M is now H2. The rat io H/H2 is given by 

(UT.JEE,2000) 
a. 112 b. l c.2/3 d2 

17. An ionized gas contains both positive and negative ions. If 
it is subjected simultaneously to an electric field along the 
+x-direction and a magnetic fie ld along the +z-direction, 
then (lIT-JEE,2000) 

Magnetics 9.101 

a. positive ions deflect towards +y-direction and negative 
ions towards - y-direction 

h all ions deflect towards + y-direction 
c. all ions deflect towards - y-direction 
d positive ions deflect towards -y-direction and negative 

ions towards + y-direction 
18. A non-planar loop of conducting wire carrying a current [is 

placed as shown in Fig. 9.368. Each of the straight sections 
of the loop is of length 2a. The magnetic field due to this 
loop at the point pea, 0, a) points in the direction 

2. 

(fiT.JEE, 20(1) 

y 

I 

-----------~x 

Fig. 9.368 

1 ( ° ° oJ h .J3 -j+k+i 

1 (0 oJ 
d.fii+k 

19. Two particles A and B of masses mA and mB• respectively, 
and having the same charge are moving in a plane. A uniform 
magnetic fie ld exists perpendicular to this plane. The speeds 
of the particles are VA and vo' respectively and the 
trajectories are as shown in Fig. 9.369. Then 

(fiT·JEE,200I) 

• • • • • , 
• ~ • • B. • 
• .~. • 
• • • • • 

Fig. 9.369 

a. m,tvA < mBvO h mAv,t > mOVR 
c. m,t <mBandv,t<vR dmA=mBandv,t=vB 

20. Two circular coils can be arranged in any of the three 
situations shown in Fig. 9.370. Their mutual inductance will 
bo (llT.JEE,2001) 

= 0 
c:::.=::=:::> c:::.=::=:::> c :=:> 0 (., (b) (0' 

Fig. 9_370 
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9.102 Physics for UT-JEE: Electricity and Magnetism 

a. maximum in situation (a) 
h maximum in situation (b) 
c. maximum in situation (c) 
d the same in all situations 

21. A coil having N turns is wound tightly in the fonn of a spiral 
with inner and outer radii a and b, respectively. When a 
current / passes through the coil, the magnetic field at the 
center is (IIT.JEE,2001) 

p,NI 
a. 

b " 
h 2/loNl 

a 

c. J.LoNl In ~ d Jiol
N 

In ~ 
2~ a) a 20 a) a 

22. A particle of mass m and charge q moves with a constant 
velocity v along the positive x~direction. It enters a region 
containing a uniform magnetic field B directed along the 
negative z-direction, extending from x =: a to x =: h. The 
minimum value of v required so that the particle can just 
enter the region x> b is (llT-JEE,2002) 

a. qbB b. q{b-a}B 
m m 

c. qa8 d q(b+a)B 
m 2m 

23. A long straight wire w,ong thez-axis carries a current I in the , ,,, .,' ,'. -+ 

negative z-directio& The magnetic vector field B at a point 
having coordinates (x, y) in the z = 0 plane is 

(TIT·JEE,2002) 

JloI(yi - x]) ,P,,,I,,(x;l--,+~,:(-'g) a. h -
2n(x2 + l) 21t(x2 + l) 
liol(x} - yi) liol(xi - y}) 

c. 2n(x2 + y2) d 21t(x2 + y2) 

24. The magnetic field lines due to a bar magnet are correctly 
shown in (lIT -JEE, 2002) 

N 

.. 
N 

s 
,. 

Fig. 9.371 

N 

s , . 
N 

s ,. 

25. For a positively charg{\d particle moving in a x-y plane 
initially along the x-axis, there is a sudden change in its path 
due to the presence of electric andlor magnetic fields 
beyond P. The curved path is shown in thex-y plane and is 
found to be non-circular. Which one of the following 
combinations .is possible? (IIT-JEE,2003) 

y 

p x 

Fig. 9.372 

a. E =0; B =bi +ck b. E =oi; jj = ck +ai 
d E =a[; B =ck +b' j c. E =0; B =c} +bk 

26. A conducting loop carrying a current I is placed in a uniform 
magnetic field pointing into the plane of the paper as shown 
(Fig. 9.373). The loop will have a tendency to 

y 

B 

@ 

x 

Fig. 9.373 

(TIT .JEE, 20(3) 
a. contract 
b. expand 
c. move toward +ve x-axis 
d move toward - ve x-axis 

27. A current carrying loop is placed in a uniform magnetic field 
in four different orientations, I, II, III and IV, arrange them in 
the decreasing order of potential energy (IIT-JEE,2003) 

,. 

a. I> III> II> IV 

c.I>IV>II>IlI 

,. 
Fig. 9.374 

b. I>1I>IIl>IV 

d IIl>IV>l>lI 

• B 

28. An electron travelling with a speed u along the positive 

x-axis enters into a region of magnetic field where 8 = -Bo k (x 
> 0). It comes out of the region with speed v. Then 

(TIT.JEE,2004) 
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. -; -- -- - -::r;-- -~ m-

a. v=uaty>O 

C. v>uaty>O 

1 
@B , 

" 
x~ 

Fig. 9.375 

h v=uaty=O 

d v>uaty<O 

29. A magnetic field B = Bo i exists in the region a <x<2a and 

B = 8 0 ], in the region 2a < x < 3a, where 8 0 is a positive 
constant. A positive point charge moving with a velocity 

Ii = Vo [ , where vois a positive constant, enters the magnetic 

field at x = a. The trajectory of the charge in this region can 
belike (llT-JEE,2007) 

-- --- --- --,-------, 

o~----L---_+~--_r.~~x 
2 a 3 a , 

. Bo _____ __ ____ _______ __ L _ _ --' 

Fig. 9.376 
, 

•• 

f-----l"c-<c-02~,,----,3l,,-;., 

b. 

Fig. 9.377 (Contd,) 

Magnetics 9.103 

<. 

d. 

Fig. 9.377 

30. A steady current I goes through a wire loop PQR having 
shape of a right angle triangle with PQ = 3x, PR = 4x and QR 
= 5x, If the magnitude of the magnetic field at P due to this 

loop is k( 1-'0
1 l, the value of k is 

48nx 

a5 h8 c.7 

Multiple Correct Answers Type 

(lIT -JEE, 20(9) 
dlO 

1. A proton moving with a constant velocity passes through a 
region of space without any change in its velocity. If E and B 
represent the electric and magnetic fields respectively, this 
region of space may have (TIT -JEE, 1985) 

a. E=0,8 = 0 h E = O,B¢O 
c. E¢O,B = O 

2. A particle of charge +q and mass m moving under the 

influence of a unifonn electric field E i and unifonn magnetic 

field B k follows a trajectory from P to Q as shown in Fig. 

9.478. The velocities at P and Q are v i and -2 ] which of 
the following statement(s) is/are correct? 

(lIT-JEE,I991) 

• i! 
p , 

1 
----------

.il 
, 

j I, 

Q , 
2" 2, 

Fig. 9.378 \ 
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· :~ !il.t04 Physics for IIT-JEE: Electricity and Magnetism 

aE= ~[ n;2] 

h Rate of work done by the electric field at P is %[ m;2 ] 
c. Rate of work done by the electric field at P is zero 
d Rate of work done by both the fields at Q is zero 

3. A micrometer has a resistance of 100 n and a full scale range 
of 50 ~A. It can be used as a voltmeter or as a higher range 
ammeter provided a resistance is added to it. Pick the correct 
range and resistance combination (s): 

(IIT-JEE, 1991) 
a 50 V range with 10 kn resistance in series 
b. 10 V range with 200 kn resistance in series 
c. 5 mA range with I n resistance in parallel 

d 10 mA range with I n resistance in parallel 

4. H+, He+ and 0 2+ all having the same kinetic energy pass 
through a region in which there in a uniform magnetic field 
perpendicular to their velocity. The masses of H+, He+ and 
0 2+ are 1,4 and 16 amu, respectively. Then, 

a H2 will be deflected most 

h 0 2+ wHi be deflected most 

c. He+ and 0 2+ wHi be deflected equally 

d All will be deflected equally 

(IIT-JEE, I994) 

5. The following field lines can never represent 

Fig. 9.379 

a. induced electric field 
h magnetostatic field 
c. gravitational field of a mass at rest 
d electrostatic field 

(IIT-JEE, 2006) 

6. A long current carrying wire, carrying current such that it is 
flowing out from the plane of paper, is placed at O. A steady 
state current is flowing in the 100pABCD. Then, 

(IIT-JEE,2OO6) 

c 
B 

---- ------- -- 0' 

D 

Fig. 9.380 

a. the net force is zero 
b. the net torque is zero 
c. ilS seen from 0, the loop will rotate in clockwise direction 

along axis 00' 
d as seen from 0, the loop will rotate in amiclockwise 

direction along axis 00' 
7. A particle of mass III and charge q, moving with velocity V 

enters Region II nonnal to the boundary as shown in Fig. 9.381. 
Region II has a unifonn magnetic field B perpendicular to the 
plane of the paper. The length of the Region II is t . Choose 
the correct choice(s). (llT-JEE,2008) 

Region I Region II Region III 

X X X X 

X X X X 

X X X X 
v 

X X X X 

X X X X 

• ( 

Fig. 9.381 

a. The pilrticleenters Region II only ifits velocity V > qtB 
m 

b. The pilrticle enters Region n only if its velocity V < qiB 
m 

c. Path length of the particle in Region II is maximum when 

. qiB 
velOCIty V = -

m 
d Time spent in Region II is same for any velocity Vas long 

as the particlc returns to Region I 

Assertion-Reasoning Type 

Mark your answer as (llT-JEE,2008) 

a. Statement I is true, Statement 2 is true; Statement 2 is a 
correct expalantion for Statement I. 

h Statement 1 is true, Statement 2 is true; Statement 2 is NOT a 
correct expalantion for Statement I. 

c. Statement I is true, Statement 2 is false. 

d Statcment I is false, Statement 2 is true. 

1. Statement I: The sensitivity of a moving coil galvanometer 
is increased by placing a suitable magnetic material as a core 
inside the coil. 

Statement 2: Soft iron has a high magnetic permeability and 
cannot be easily magnetized or demagnetized. 

Matching Columll Type 

I. Some law/processes are given in Column I. Match these 
with the physical phenomena given in Column II: 

(lIT-JEE,2OO6) 
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Column I 
i. Dielectric ring unifonnly 

charged 

Column II 
a Time independent 

electrostatic field out of 
system 

ii. Dielectric ring unifonnly h Magnetic field 
charged rotating with 
angular velocity w 

iiii. Constant current in ring io c. Induced electric field 
iv. 1 = io cos Wt d Magnetic moment 

2. Column I gives certain situations in which a straightmeta!lic 
wire of resistance R is used and Column II gives some 
resulting effects. Match the statements in Column I with the 
statements in Column II: (IIT-JEE,2007) 

Column. 

i. A charged capacitor is 
connected to the ends of 
the wire 

Ii. The wire is moved 
perpendicular to its length 
with a constant velocity in 
a uniform magnetic field 
perpendicular to the plane 
of motion 

iii. The wire is placed in a . 
constant electric field that 
has a directi'on along the 
length of the wire 

iv. A battery of constant emf 
is connected to the ends 
of the wire 

Column II 

a A constant current flows 
through the wire 

h Thenna! energy is 
generated in the wire 

c. A constant potential 
difference develops 
between the ends of 
the wire 

d Charges of constant 
magnitude appear at 
the ends o f the wire 

3. Two wires, each carrying a steady current I, arc shown in four 
configuration in Column l. Some of the resulting effects are 
described in Column II. Match the statements in Column J 
with statements in Column II and indicate your answer by 
darkening appropriate bubbles in the 4 x 4 matrix given in the 
ORS. (lIT -JEE,2007) 

Column I 
i. Point P is situated midway between the wires. 

- - ---- - ---~-~-- --- -- ---

P. 
--- - ---- --~------ --- - --

Fig. 9.382 

ii. Point P is situated at the midpoint of the line joining the 
centers of the circular wires, which have same radii. 

p 

Fig. 9.383 

, , 

Magnetics 11.105 

iii. Point P is situated at the midpoint of the line joining the . 
centers of the circular wires, which have same radii. 

p 

• 

Fig. 9.384 

iv. Point P is situated at the common center of the wires. 

8 
Fig. 9.385 

Column II 

a. The magnetic fields (8) at P due to the currents in the 
wires are in the same direction. 

n The magnetic fields (8) at P due to the currents in the 
wires are in opposite directions. 

c. There is no magnetic field at P. 
d The wires repel each other. 

4. Six point charges, each of the same magnitude q, are 
arranged in different manners as shown in Column II. In 
each case, a point M and a line PQ passi.ng through Mare 
shown. Let £ be the e lectr~eld and V be the electric 
potential at M (potential at infinity is zero) due to the given 
charge distribution when it is at rest. Now, the whole'system 
is set into rotation with a constant angular velocity about 
the line PQ. Let 8 be the magnetic field at M and p be the 
magnetic moment of the system in this condition. Assume 
each rotating charge to be equivalent to a steady current. 

Column I 
i. £=0 

(liT -JEE,2009) 
Column II 

•• 

p 

Fig. 9.386 
Charges are at the comers of a regular 
hexagon. M is at the center of the hexagon. 
PQ is perpendicular to the plane of the 
hexagon 
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9.106 Physics for In-JEE: Electricity and Magnetism 

iii. B=O 

h 
p 

, , , 
--- .---.--.... --- ---e- --.. ---.---

Q 

Fig. 9.387 

Charges are on a line perpendicular to PQ 
at equal intervals. M is the mid point 
between the two innennost charges 
,. 

FOg. 9.388 
Charges are placed on two coplanar 
insulating rings at equal intervals. M is 
the common center of the rings. PQ is 
perpendicular to the plane of the rings 

iv. /.1",0 d 

p 

I : 1 
Q 

Fig. 9.389 

Charges are placed at the corners of a 
rectangle of sides a and 2a and at the 
midpoints of the longer sides. M is at the 
center of the rectangle. PQ is parallel to 
the longer sides 
,. 

p 

Q 

Fig. 9.390 

Charges are placed on two coplanar, 
identical insulating rings at equal 
intervals. M is the midpoint between 
the centres of the rings. PQ is 
perpendicular to the line joining the 
centers and coplanar to the rings. 

/= = === ANSWERS AND SOLUTIONS 

Subjective Type 
.". 

1. Magnetic field due to smaller ring at distance R from the 

center B = Po !!.... 
4a R3 

where M=ina2 

Fig. 9.391 

110 ina 2 pfJia
2 

4.11' fi3 = 4R3 
. , 

dF = ioRdOJlo/Q 
4R' 

dFx= dFsinO 

B= 

.. , 
F = F = 1101 loa 8N 

r>el x 2R2 

2. Force exer,,'dby air on the rod = (P~~R )v
2 

= pLRv
2 

Balancing torque about point 0, N I (rcR2)B = pLRv2 = 3L 
4 

3pv2L2 L2V2 
~300nlBR = --~I= p =O.OIA=lOmA 

4 400nBR 

Air 

j j j j > 

! C~=+=o ±, =( 
L ,I, LI2' :"J:i2" 

Fil!.9.392 
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4. 

3. 

Fig. 9.393 

s = BAxAD 

BA = 2di-2a) 

AD = 2bk 

S = 2(dl-a])x2bk 

it = -4bJ(J} + at) 

1M 1= 4bl~d2+a2 =2T 

\ N / 
c(]G 0 

ZS 

/ s \ 
Fig. 9.394 

2h 

Magnetic torque = NISB sin (S ,jj) NISBsin 90° 
Gravitational torque = (8 m x g) t 
For equilibrium NISB = 6.mgi => 6. mgt I NIS 

B= (60xlO-ti)x9.8x0.3 = O.4T 
200x22xlO-3 xlxlO-4 

5. We need the magnetic and gravitational forces to cancel: 

ALg = /lo/2L 
2"h 

6. According to Biot- Savart law, 

IO-7xO.2x4xi03x3 21 T 
B = = 11 

109x/I09 

7. a. Writing torque equation about A 

• 

Magnetics 9,107 

( , 
Since the rod is in equilibrium; there is no torque in vertical 
direction. 

1 
=> TL= -(mg-FB) 

2 
For wires to be tension free, 

T = 0 

=> FB = mg => iLB=mg 

=> 
. mg ,= -

LB 

}1 
'L,.J 

® ® 
® 

T ® T ~ ® B 

® ® F,t 
A c 

® L +mg ® 
Fig. 9.3~S 

® 

b. If the wire is in equilibrium the forces acting on it are as 
shown in Fig. 9.396. 

. mg ,=--
2LB 

8 
2T 

8 

mg " 

Fig. 9.396 

c. For tension in the wire, 
2T+FB cos B=mgcos (J 

T= mg cosO 
4 

Net unbalanced force on the rod will be in the direction 
perpendicular to the wire 

F""t= mgsinB-FBsinB 

F mg ' e net = "'2 sm 
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9.108 Physics for IIT-JEE: Electricity and Magnetism 

2T 

FBsin8 
FBcos8 

mgsin 8 
mgcos 8 

Fig. 9.397 

8. The ring carries current i and the magnetic field makes an 
angle 8with the vertical at the ring's location. 

Bcos 11 

Fig. 9.398 

Consider a small element subtending an angle d¢ at the 
center of the ring. 

Bsin 8 

Bcos 8 

"Bcos t ;; , 
B sin 8 

Fig. 9.399 

Hence, force on the ring due to horizontal component of the 
field is 

dF= id£Bsinf)] 

dP= iBsinf)rdifJ] 

f f" , Pj = dF=riBsin8
0 

d¢j 

fry = 2lCirBsinf) 

Force on the ring due to vertical component of the field is 

dF= - it/Wcos8l 

As the ring lies in a region of constant magnetic field, Bcos 
f).Ltoit. 
The force on it due to this component 'is zero as f de = 0 

F= 2lCriBsinf)] 

9. B=0.5 T; i = 6A 

1 1 1 
il:i2:i4:i~:: 1:'2>4":8 

1 1 1 
x+-x+-x+ - x=6 
248 

IS 
x-=6 ~ 

8 

16 
x= -

5 

16 
il =-A, 

S 

. 8 . 4 . 2 
/2=-A'/4= - A,IS=-A 

5 5 5 

L 
~S 

(·ig.9.400 

a. The forccs acting on spokes are as shown in Fig. 9.40 I. 
Hence, the wheel starts rotating in the antic10ckwise 
direction. 

fig. 9.401 

b. r=0.2m 
Suppose the torque acting on the spokes with 
resistances I, 2, 4 and 8 Q are 'fl' "t"2' "t"3 and .4' 

respectively. 
Then, as all these torques act in the same direction 

Br1 i Br2 
= ~-(il +12 +i4 +ix) =--

2 2 

r= 6x0.5x(O.2)2 = 1.5xO,04=60xIO-3 , 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



=O.06Nm 

Hence, T= 0.06 Nm C 

10. For the equilibrium of a small part of semicircular arc 
subtending an angle of dBat the center, 

x - ----x---- --R----- - ll: 

T T 

Fig. 9.402 

or, 2Tsin( d
2
B) = BI ro dB 

B= ~= 1.5 =IT 
Iro (10)(0.15) 

11. The work done by the potential differences get stored as its 
kinetic energy, 

, , 
-my = qV 
2 (i) 

a. When it enters the region x E [0, a), it experiences an 

electric field E = E J 
Time taken to cross the region: vt = a 

=> t=~=a(2;vr2 (ii) 

The distance travelled in y-direction during this time is 

y= '..!. qE t2 =..!.x qE xa2 x~ 
2 m 2 m 2qV 

, Ea' 
=> y=- -

4 V 
Hence, the particle meets the line x = a in point 

( 'En') (x,y) = a'4V 

b. Now, velocity of the particle as it crosses the line x = a 

, = -- I +L...!!..- J _ (2QV)''', E(2 V)'" , m m m 
Magnetic field in this region, ii = B] 

H h ' 'od " 2nm ence, t e time pen of revo ution, t = --
QB 

( )'" , 2nm m 
Pitch p = Vi t = -- x aE -.!l. 

mqB 2V 

p= naE 2m ( )'" B Vq 

12. 

Magnetics 9.109 

Fmag=ma 

/1 [' 
' 2:d = Ala (wheref = length of each rod) 

/1 Q' v= 0 
4ndRC.U 

13. a. The particle will move in circular paths, as velocity vector 
is perpendicular to magnetic field, Time period of both the 

d 

'" (r 2mn) partie es IS same = Bq , 

So, for collision not to take place, 

Ij+r2 <d 

mv 2mv d - +--< 
Bq 2Bq 

Bqd 
orv<--

2m 

Therefore, maximum speed should be Bqd 
2m 

Bqd 
i.e., v", < - -

2m 
b. From symmetry, it can be concluded that collision occurs 

ald/2if 

" , L.. _ _ _ _ , , 

qBd 
v = 2v", =--;;;-

mv , d/2 I n ,= -=d, smB=-- =- ; B= -
qB d 2 6 

t= r(.!...) = 2~m(~/6)=!!"'.. 
2n qB 2n 6qB 

, , • 
-------- : ------ -- --- ---; 

d 
, 

,0\ 
~'<l 2 

L, 
'''-''T''/"' , , : , dn A ~ __ __ _______ _ 

.... ---------, 

q. m ". , 2,. - 2q, 2m , 
• ~:t • dn dl2 

Fig. 9.403 

c. After collision, charge on the combined particle = -q, . 
Mass = 3m 
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9.110 Physics for UT-JEE: Electricity and Magnetism 

The combined particle will have velocity in y·direction 
just after collision. Using conservation of linear 
momentum 
(mvcosBi +mvsin B j) +(- 2mvcosBi + 2mvsinB j) 

3m~ = -mvcos (jj + 3mvsin (j j 

. qBd ,= 3m -",----:: = ,fj d 
. ...;3mqB 

= 3mv 

14. Changing the d'irection of current in the wire, we can change 
the normal re'action on the wire by the surface. 
In one case, magnetic force on the wire will be in upward 
direction while in the other case, it will be in the downward 
direction. Hence, normal reaction, N = mg ± Bil. 

i(friction fimiting) = p.(mg ± BU) 

As Fl >'F2 , 

F1= p(mg+Bil) 

F2 = J1(mg - BU) 

From equations (i) and (ii), 

Pi mg+Bil 
-= 
F2 ,,!g - Bil. 

BO'[Ei +F2] mg= I( - --
Pi - F2· 

From equations (i) and (iii), we get Jl = F~;i~2 

0) 

(ti) 

(ill) 

IS. Axis of the loop means a line passing through center of loop 
and normal to its plane. Since distance of the point P is x 
from center of loop and side of square loop isa as shown in 
Fig.9.404(a). 

tp , , , 
A 

, 
8 

, , , 

~ 
, , 

f • 

CL-_- ---',D 

Fig. 9.404 (a) 

Therefore, perpendicular distance of P from each side of the 
loop is, 

Now, consider only one side A8 of the loop as shown in 
Fig.9.404(b). 

tana= 

Fig. 9.404 (b) 

tanp= (aI2) =~ 
, 4 

a= p=tan-
1(%}"370 

Magnitude of magnetic induction at P, due to current in this 
sideAB, is 

Bo = J101 (sin a + sin /1J 4,,, 
= 9xlO-s T 

Now, consider magnetic inductions, produced by currents 
in two opposite sidesAB and CD as shown in Fig. 9.404(c). 

BO Bo 

V ,' ,\ , , ' 
~ " : '\ 
y ,,' : \ r . , , , 
" :x \ " , \ , ' , 

oS, ,2'0 
AS CD 

14 a ~I 

Fig. 9.404 (c) 

Components of these magnetic inductions, parallel to plane 
of loop neutralise each other. Hence, resultant of these two 
magnetic inductions is 280 cos (j(along the axis). 
Similarly, resultant of magnetic inductions produced by 
currents in remaining two opposite sides BC and AD will 
also be equal to 2Bo cos (j(along the axis in same direction). 
Hence, resultant magnetic induction, 

B = 4Bocos(j 

= 2.7 x 1O-4 T 
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16. Circuit segment shown in Fig. 9.405 can be considered in 
three parts. 
1. A circular loop in y-z plane. Since this loop is made of 

uniform wire, therefore magnetic induction at 0 due to 
it is BI = O. 

z 

------;+,,----.-----> y 

Fig.9.40S 

2. A ~traight part, parallel to x-axis. Magnetic induction 
due to it is 

Pol A Jiol A 

8 2 = - (-k) = - - k 
4nR 4trR 

3. A straight part in y- z plane. Perpendicular distance of 0 
from axis of this straight part is r = R cos 45° as shown 
in figure. 
Angles subtended by lines joining 0 and ends of this 
straight part with perpendicular drawn from 0 are 
("1= - 45° and p= 90°. 
Magnetic induction at 0 due to this part is 

B)= Pol (sina+sin,8) 
4"R 

- --- Pol~APoIA 
B = BI+B2+B) =--( ...... 2 - I)i---k 

4R 87rR 

Objective Typp. 

1. c. The neutron follows straight path. This is because of zero 
force. 

2 . BI 
2.c.(hpg)a =Blaorn= 

pga 

3.c.F=Bqv 

But ~mv2 = eV or v = ~~nV 

ff2,v 
F = Bq -

m 

F <X .JV and 

Magnetics 9.111 

P' F = J2 0' F'=J2p 

4. h. For the particle to move along anticlockwise path, force 
should be along J. Velocity is along i. 
Now, Fm = -e(vxii) 

In terms of unit vectors only, 

} = -(ix?) or J=?xi 

Clearly, ? is k. 

I 2 ~2qV S.c. -my =qV or v= --
2 m 

, 
Centripetalforce, m; =qvB 

Hence, 

,= (;:)R 

~ = (;:)R 

or R= e:v f2 x~ 
Here, V, q and B are constant. 

Hence, R <X ..fj 

So, :: ' = ( :~r 
6. b. Current due to a stream of electrons will be in a direction 

opposite to the direction of current in the straight conductor, 
which is held parallel above the stream of electrons. The two 
currents are in opposite directions and hence they will repel. 
So, the stream of electrons is pulled downward. 

m,' 
7. h. Bev= - - 0' , 

As m,,J2mT(T= KE), 

,J2mT 
so r=--

B, 
As the electron has been accelerated from rest through a 
pptential difference of V volt, therefore T= eV. 

m,' 
8. h. Bqv=. , 

o.r ''1(= mv 

• 

F.or ;Iectfun as. ~ell as proton B is the same, r is the same and 
nu~rically charge q is the same: therefore mv is constant. 
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9.112 Physics for IrT-JEE: flectricity and Magnetis.m 

0/ 

" , = (0.90"1O''')(3.0X10') 
p 1.8x 10-27 

= 1.5 x 103 

9. b. Since the charged particle passes straight without 
deflection, therefore 

Bqv= mg 

v= mg = 10-
3 

xlO - 103ms-1 
Bq 1 X 10-5 

10. a. Since the particle moves horizontally, the resultant force 
is zero, 
i.e., mg+Bqv~qE=O 

mg+Bqv=qE 

or 2x 1O-5 x9.8 + 2.0x 10-6 X 1.(= 10-6 X 200 

Solving, we get v = 2 ms- I 

11. b. The charged particle has circular path in the case when 
only magnetic field is present. 

12.a. 8·F=0 and 8·5=0 

(2i +3) +4kHxi + ) - k) = 0 

2x+3.l +4.(-1) = 0 

2x+3-4 = O => 1 
x=-

2 
13. a. It is clear from Right Palm Rule that the charges are 

positively charged. 

As 
qB 

The radius of path is not the only function of either m or q. 
For (b), (c) and (d) we cannot make clear statement, but 
statement (a) is certainly true. 

14.3. B=E... 

15. c. 

, 
= 600V x-~-~ 

3xlO-3 m 2xlO6 ms I 

= 1O-I T =O,1 T 

2/tm m 
T= -- orT<><:-

Bq q 

Ta 4m q -= - x-=2 
Tp 2q m 

16.c. B=f101 or B =/loq 

B= 

2r 2rT 

4/txlO-7 x q 
n 

2, 

B= 2/tnqXIO-7NA-l m- 1 , 
17. a, Time interval in which Ii returns to its,initial value is same 

as time period of the particle. hence the required time = 2am 
,B 

18. d. RI < R2 and R = mv of (m ) < ("!.) 
q8 ql q2 

19. d. Depending on the direction of magnetic field, tension may 
increase or decrease. -

21. a. 
'/1 

y 

-+ 

It 
z 

--. ---------
Fig. 9.406 

The initial force on the electron is downward. As the 
electron changes direction, the force on it remains in the xy 
plane, with a component directed toward the conductor. 

22.3. 

, C< ,------, , , " , , , , " 

+-d , , 
Fig. 9.407 

The particle moves in a circular path with radius d if it is to 
just miss the waiL 

mv= Bqr 

0/ B= v = ~ 
(qlm)d sd 
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'F- 0 

23. a. 
c 
, ' 
" , , , , 

" , , , 
: . 

Er----- ID 
A:+xd-r. 

Fig. 9.408 
A to D is part of a circle with center C. 

0' 

CD=r 

mv=p=BQr 
r= p/BQ 

o EDdBQd 
,smB= --=-=--

CD r p 
24. h,rh: . "''"htv=8Qr , 

0' 

As m, Q and B are the same for all the electrons, roc: v. 

25. a. T = 2ft = ~ = the same for all electrons, as it is 
QB 

independent of v. 

26. b. For a particle moving in any combination of electric and 
magnetic fields, work is done only by the electric field. 
Energy of the particle = work done by the electric field 
= electric field x displacement in the direction of the electric 
field. 

27. a. Use F = lBf sin () and the kinematics concepts. 

28. b. If the particle passes through 0, the situation can be 
shown in the figure. Let r the radius of circular path then 
from the given figure 

q, m Vo 

sinO::: RI2=!i 
, 2, 

m, ,=- . 
qB 

Fig. 9.409 

sinO::: RqB, v qBR 
2mv' 0 2msin B 

29. h 
y 

Fig. 9.410 

Magnetics 51.113 

E= lOVm-1 

v= IOcms-1 

FE = FB 

qE=Bqll 

E 10 
B= -; = 10-2 

B= 103 T 
30. d. y will be less than zero. 

The trajectory will be as shown in Fig. 9.411 
y 

, , , 
" 0 , , , , 

, ,x, 
, , , , .-, , , 

Fig. 9.411 

31. a.K= ~mv2=ev orv= ~2:V 

Also, F=eIlB=e[~2,:V]XB 

Therefore .£. = fK = Iv 
'2F vV; VV' 

V' 4 
-= -
V 

Patti 
of electron 

32. d. E is parallel to Band ii is perpendicular to both. 
Therefore, path of the particle is a helix with increasing pitch. 
Speed of particle at any time t is 

Here, 

,nd 

, , , 
vy+vt=vo 

v= 2vo 

Substituting the values in equation (1), we get 

J3mvo 
1= ---

qE 

(1) 

33. b. As the magnetic field is unifonn and the particle is 
. projected in a direction perpendicular to the field, it will 

describe a circular path. The particle will not hit the y-z 
plane, if the radius of the circle is smaller than d. For the 
maximum value of II, the-radius is just equal to d. Thus, 

mv = d' 
Bq 

m 
34. c. Using, impulse = change in linear momentum, we have 

fFdl =mv 

L 
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9.114 Phy~ics for IIT·JEE: Electricity and Magnetism 

orJ(iBf)dt=mv 

Bfq=mv (as Jidt=q) 

m, 
.. q=-Be 

35. d. From Fig. 9.412, itis clear that deviation is 180o ifx>R. 

36. c. 

• x 

von: x 

~ x 
Vo 

X x 
+-----+ 
x - l.5 ·R 

Fig. 9.412 

mi'O Vo ,=-=--
Boq Boa 

x .J3 . 
- = -=SlnO 
, 2 

0= 000 

T 1< 
lOA = - =--

6 3B,a 

x y x 

x x 
• x x 

x x 

x 

x 

, 
x x: 

x 0 x X 
1111 . x 101 

Fig. 9.413 

x 

x 

x 

x 

Vo 

Therefore, x-coordinate of particle at any time I > ......!!...- will 
380a 

b, 

37. c. 

-+>=--"---+Y F% (O,xy) 

Fig. 9.414 

Here', !L = a 
m 

38. a. FaD = FeD = FCAD 

Net force on the frame = 3 F CD 

= (3)(2)(1)(4) (F=ilB) 

=24N 

39. b. Electrostatic force on the electron should be equal and 
opposite to magnetic force, i.e., 

or qE= - q(vxii) 
'H ' 

So, B should be along negative z-axis. 

40. c. 

"it 'm~siit;45° 
'. 8q 

p 
= -

21< 

= radiusofhelix 

41. d. a= !L, path of the particle will be a helix ofti~e period, 
m 

T= 2nm = 2n 
Boq Boa 

y 

",- >'0 

- -.so 
--> 

, ...... v 2"0 , , , 
-+->----,-' ---+" 

Fig. 9.415 

Th
" n T 

eglventlmet= - -=
Boa 2 

. . Coordinates of particle at time I = TI2 
would be (vx T/2, 0, -2.r) 

Here, 

The coordinate are (von, 0, -lVO). 
Boa Boa 

42. c. The particles will not collide if 
d>2(r l+r2) 

I ( '"" m" 1 <>2 -+-
8q 8q 
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43.d 

Pol _ Pol = Pol (I-.!.) 
2r 21tr 2r 7r 

_ Jiol(Jr - l) 
2,,, 

44. c. No force on PQ and SR. 
Force on PS or QR = Bi( 

= 2 x 1O-2 x 2 x 0.25 N = iO-1N 
T= lO-l NxOAm=4xlO-3 Nm 

45. a. All points on AB are equidistant from the two wires. So, 
magnetic fields are equal and opposite. Thus, they cancel 
out. 

46. a. B = Pol 
2, 

Joe Br 

I I 1 1 I 
- = -x-=-
12 3 2 6 

47. d. The magnetic fields due to both the currents are along 
'-Z-axis'. So, they ~dd up to give a net magnetic field along 
'-Z-alds', 

48. b. At the midpoint of the line joining the c~ndlictors, li = 
O. As we come close to the wires, the magnitude of B 
increases. The direction of magnitude fields on opposite 

sides ofa wire win be opposite. Again, B = 0, as r ~ 00, 

49.d 

50. h 

B= Pol [sinO-sinO]=O 
4~d 

JiQ 2trlR2 
Eu ;, =-x 

41l" (R2 +XZ/,2 

Po 2trl 
At center, Bccnlcr := - x -

4~ R 

In the given problem, 

Po x ZtrlR
2 

== ~[Po x 2tr/] 
4tr (R2+x2t2 8 4tr R 

or (U2+x2)3n==8R3 

Solving, weget==x= Rf3 
51. c. Magnetic field at the center due to either arm 

B I := Po x -( I ) [sin450"'sin450] 
41l" LIZ ,-

flo 21i I "-x--
4" L 

Field at center due to the four arms of the square 

B== 4BI == 4x f.-lo x 2121 
4" L 

i.e., 
1 

B~ -
L 

Magnetics ·!I.115 

52. d. Torque l' acting on a current carrying coil of area A placed 
in a magnetic field of induction B is given by 

1'= NIBA sin () 

where I = current in the coil, () = angle which the n<;Jrmal to 
the plane of the coil makes with the lines of induction B. 
Here, N= I, B==1.5xlO-2T 

A = 0.05 xO.08=40x 10-4 m2 

1= 10.Oamp, ()== 90° == 1l"12 

1'= (l.5 x 1O-2XIO.O) x{lX40x W-4)sin ~ 

== 6x IO--4Nm 

53.a.~B.dT = Pol 

54. c. 

. = 4Jl'X 10-7 x _1-
4~ 

= 1O-7 Wbm- 1 

- flo (2~I' ) B,-- --
41l" '1 

B
2

= Po (2trI2) 
41l" '2 

'2= 2'I,B) =B2and /2=211 

Vq 12x'2 211 21j 4 
-"-~"~ x- "-
Vp II X 1j II Ii I 

55. d. Using right hand rule, the direction of magnetic field is 
clearly toward west at A and B 

.' N 
.r" ..-
"v" ,-i: : \\ ,/ 

'I ' '\'-I: : '~' 
:: :A: •• w B E 

Fig. 9.416 

56. b. Using Ampere's circuital law, B-= 0 for '~Rl 

and B = Po i.. for' 2! R2 
2", 

The corresponding B-, graph will be as shown in option (b). 
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9.116 Physics for IIT-JEE: Electricity and Magnetism 

57. h 

20A 

(I) 

, , 40A 

WI 
: 20A , , , 

(2) : , , , , , 
Fig. 9.417 

• 
F" 

(3) 

Hence, net force on the middle wire will be toward the 40 A 
wire. 

58. d. No current will flow through section BC as the potentials 
of points Band C are same. Therefore magnetic field at 
center 0 will be equal and opposite due.to section AB and 
AC. Hence, they cancel out. 

59. c. Net current is (20 - 6 + 12 - 7 + 18) A, i.e., 37 A. 

lO ,= -m=-m 
100 10 

B= /lQl = 41t'xIO-
7 

x37xIO
T 

21t'r 21t' X 1 

= 74x IO...(iT=74J.lT. 

60, b. B = ~[~:H[~] 
B = 3J1ri + J10l 

8a 8b 
61. b. Magnetic field due to straight wires 

Fig. 9.418 

1 Pol Pol - -=-
4 2r 8r 

= ./21101[1 __ ) 1 
21t'r .J2 

62. c. 

0' 

63. a. F = "4"":cX"I"O--;':,-X"2::;O::-X,,I,:;O"'Xi-lO::.X,,,,,lO:..-_' 
21t'x2xIO-2 

41t'xIO-7 xIOx30xIOx10-2 

2lt'xlOxlO-2 

= 41t'xlO-
7 

X 10 X 10-
2 

[100-30] 
21t'x 10-2 

= 20x 10-7 x70= 1400x 10-7 

= 1.4xl0-4Ntowardright. 

64. c. AB and DEdo not give any magnetic field at Q. 

Magnetic field at Q due to BC = Pol 
4,,0 

It is directed 'up'. 
Magnetic field at Q due to 

So, 

EF= Pol 
4,,0 

B = Pol 
2"0 

65. a. B = Pol [sinO, +sin02 ] 
4"d 

But 0] +tA = 900 or 0] =900 -f/?, 

sinO] = sin(900 -¢]) = cos¢! 

Similarly, sinBz = COSf/?2 

B = Pol (costA +cos9>:z) 
4"d 

66. c. B = flol [2sin:::] 
41t'r n 

R 

Fig. 9.419 

" , But cos- = -
" R 

0' " r=Rcos -

" 

/ ' 
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B #01 [2' ,,] = 510-
4;rRc05!£ n 

n 

B = flol [tan!!.] 
2;rR n 

0' 

67. c. Consider an element of thickness dr at a distance r form 
the center of the spiral. 

N 
Number of turns, dN = --d, 

b-a 

Fig. 9.420 

0' 

N 
#o-- dd 

dB = _"-b,,,- "o_ 
2, 

dB = 110 1 ~ dr 
2 b-a r 

1101 N Ib = ---llog~r 
2 b-a a 

Jl NI 
= 0 [log~b-Iog.a] 

2(b - o) 

B=' 110 NI 10 !?. 
2(b-a) g. a 

68. c.BI=2Tsin 09 

Bis small, sin 09= 09 

011 

!12 , 
rCGS 6 : , rCM 8 

, .' 
: 6 _---

T 
Tsill 6 

!"\.,--r .-,-
Fig. 9.421 

, 
T 

Tsill6 

Ble = 2TSinB=2T . 8=2T( e~.2) 

0' 

But 

T 
BI= -

, 
2;rr = ior r=-

2" 

81= T21f orT=BIC 
, 2" 

Magnetics 9.117 

69. c. The forces F Q on the current carrying wire P due to the 
currents in Q and R are shown in Fig. 9.367. The resultant 
force is F which is best represented by vector C in the 
original diagram of the question. 

p 

F F, 

Fig. 9.422 

70. c. 110 1 . 
BAD - [2smB] 

4n(OC) 

But OC= rcosB 

0' 

Magnetic field due to circular portion, 

B = Pol 2;r-28 = 1101 (1f-B) 
An 2r 21f 21fr ' 

Total magnetic field 

= 110
1 

tan8+ Pol (1f-B) · 
2;rr 21fr 

=. J.lol [tanB+1f-B] 
2R' 

71. a. The magnetic field on the axis ofacoil carrying current I, 
having nturns, radius r and at a distance h from the cent.er of 
the coil, is given by 

B = 110 x 21fNlr
2 

4R (' ')'" , +h 

The field at the center is given by 

Be= Pu x 21fNI 
4R , 

(1) 

(2) 
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9.118 Physics for IIT·JEE: Electricity and Magnetism 

=[ 3h']0' 1+--
Z " 

[ 
3 h'] B 1+-- "'Be 
2 " 

72 b B _ Po 21r/ _ Po =Za=I-;-X,-,2=a 
"1-4xR-4X L a a 

(I) 

('.' L= 21rR, for circular loop) 

where 

0' 

73. c. 

I i , , , 

Iio I 
B2= 41r

x
(aI2) 

a = (Ll4) 

Iiol [I' 1 B2 = - x8x4x ~ + ~ 
4Jl'L ...;2 ...;2 

B, 

B, 

Ilol 64 - --x-
- 4aL -fi 

d----_ 

dl2 --~. 
:2 r 

, , , 
" • -. -----------·-----~O 

y\ x 

Fig. 9.423 

As two coils subtend the same solid angle at 0, hence area 
of coil.Y = 4 x area of coil X 

[
Solid angle = area 2] 

(J.. distance) 

I. e., radius of coil Y = 2 x radius of coil X 

Iio _:::ZH.::/..c(2:c"L)'= B - - xc-
,, - 4a [(2')'+(d')]'" 

Po 2Jl'/ ( r)2 
B - -x ,.----'~= 

,- 4H [I,)' +(~lT 

B 4 [4r2+d
2

]'" 
B: = (41'2 +d2t2 x 4 

4 4 I 
= (4)'" =8=2 

74. b. Magnetic force acts in the direction shown in Fig. 9.424 

v 

, Side view 

Fig. 9.424 

Road will move downward with constant velocity if net force 
on it is zero. 
or Fill cos 8= mg sin 8 
or iRB cos ()= mg sin () 

B= (~:}an8 
/11 2p.l-fi 

75. b. B = 0 (sin 45° +sin 45°) = 2~0,:-,-C 
"IUOI'C 4,,(£18) "L 

Radius of circular loop r =.!:... 
2H 

Bei ,. = ,,2 

B~ 4-fi 
76. c. Magnetic field due to infinite current carrying sheet is 

given by B = P;l , where 1 is linear current density. 

, , , , 

8 
, , 

8 ' , , , , : : : 

1 
: , , 

bJ 
, 

PoJ : "oj 

8 
, --,-- -,- 8 ' , ! ! ' , 

: : "oj : : , -,-
G) G) , , , , , , : : , , , : , ,.) (b) 

Fig. 9.425 

Fig. 9.425{a) and (b) represent the direction of magnetic field 
due to current carrying sheets. 

pol Po(2J) Po(3J) Po(4J) 
For x < a, Bre, uIIOn! = -Z- - --2- - --2- + --2-

Fora<x<2a, 
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Il<Jl 1l<J(2J) 1l<J(31) 1l<J(4J) 
Bresul,am= -2---2-- ----z--+--2-=-J1oJ 

For2a<x<3a, 

B,e.ultant = _ll<Jl +1l<J(21) _1l<J(31) +1l<J(4J) = ll<Jl 
2 2 2 2 

For4a<x, 

B = -Po' +110(21) + Po(3J) _flo(4J) =0 
resultant 2 2 2 2 

So, the required curve is 

B ,..---, , : 

0----' 
, , 

, , , 
°l----~~t_~~~~~X a : 2~ 3a 401 301 , , 

,----' 

Fig. 9.426 

77. a. See the direction of torque about center. 
78. d. Magnetic field at the center due to the given configura

tion is zero. 
79. c. Force is of expansive nature. 

80. a 

T= IRE 

B _ Pol 
~ - 21lR 

If the radius is Rln; the number of turns will be n. 

nJiol 2 1101 B = =n --
c 2tr(Rln) 2/rR 

B 1 
Hence,--...b...= 2'" 

Be n 

81. b. Magnetic field due to 'AB'; 

B- /101 [. 1r . 1lJ0 = -- SJn- -SIO-
I 4nR 2 4 

= flo! [1- _I_J ® 
4;rR .fi 

Magnetic field due to circular loop, 

- /101 
82 = 2R 0 

Magnetic field due to straight wire Be, 

B, = -- Sin -+sm - <Z - 1'01 [ , " , "J 
4,.R 2 4 

= flol [I + _I_J 0 
4n"R -fi 

Ii = 81 +82 +133 

= (pol + 2J1ol_1 ) 0= /lol [I + --1_]0 
2R 41lR..fi 2R J2 7r 

• 

-

Magnetics 9;119 

82. a. As shown in Fig.9.427, 

B
J 
= _z(f.io i)k = _Poi k 

2;r a Ka 

= magnetic field at 0 

82 = Po.!.. k- 110 i.. k 
2Jr a 2;r 3a 

= magnetic field at P 

= Po'!"k 
3na 

y 

p 

--~---io---r--~----x 

, , 
Fig. 9.427 

HI/82 = -3 

- /in/ - Pol B =--0' B, = --0 
J 4r' 4r 

83. a. 

- Il<J/(3) 1'01 B,= -- - 0+-8 
2r 4 47fr 

= J1oI[~®+.!.0J 
4r 2 1r 

= liol [3n-ZJ 0 
4r 2tr = 1'0/(3.)(3" -~)0 

4r7r42 

B 'B 'B '= _('!.),('!.),(3"_~) ], 2' 3' 2' 2 . 4 2 

84. b. Bcenter=O 

Pol 0 +,f.lol 0 + /101 0 + flo! €I = 0 
4n"b 4n'{J 2b 2a 

J.IoI + Pol _ Pol = 0 
21lb 2b 2a 

1 1 1 --+-=-
21tb 2b 2a 

a " = 
b 7r + I 

flo/I /l0/2 
85, c. 4;r(a+x) = 4n(a x) 
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9.120 Physics for IIT·JEE: Electricity and Magnetism 

a-x 12 
--= --
a+x II 

I ia-fix = !2a + /2x 

(/,-1,] 
x= I;+I; a 

86. c. Magnetic field at the center 

B = Po! ® + Pol (~l 0 + Pol (~l" 
2c 2b4 2a4 

As per problem: 

110 / [' 3 3] 0= ""2 -;;- 4b + 4a ~ 

If c=2a, 

~[~-.!.l=...!... ~ a=~b 
4ba J 2a 3 

87. c. BI = Po! 0, B = flo! + Pol12 ° 
4nR 2 4nR 4nR 

88.11. 

II, I 
Bccnlcr = - 2 -

" Substituting for I. 

Po 54 x 10-6 X 2 (xl + (12 /12 
2 PO(l2 

54 x 10-(' X (x2 + a2 )312 
= ,,' 

Putting .1" = 4 x 10-2 III and {/ = 3 X 10-2 m, we gct 

Bm\l~r= 250x 1 O...(>T = 250 IlT 

~9. a. 

y 

2, 

1= 3 A ' 

a 2, x 

/' '' 4/\ 
; 

Fig. 9.42~ 

• 

90. C" 
Po 41 B - --

2 - 4K R 

Po 21 
B2-BI =-~ =B 

4~ R 
B2 = 2BI 

2BJ -BI = B 

.. BI =B 

91. a. Torque due to magnetic field r,~ag =MB = 11tR2B 0) 
Torque due to weight about the point where string is 
connected 

!'wei~hl = mgR (ij) 

If ring remains horizontal, thcn t;nag = 'O'weight 

'nR2B= gR ~, = ...!!!L. 
KRBo 

92. a. To find the magnetic field outside a thick conductor, the 
current may be assumed to flow along the axis. As points 
1, 2 and 3 are equidistant from the axis. 

BI=B2 = B3 

93. c. Apply Ampere's circuital law to the coaxial circular loops 
LI and~. The magnetic field is BI at all points on L j and B2 

at all points on L2."iJ:;:t 0 for LI and 0 for L 2· 

Hencc. BI;t 0 butB2 =0 

I 

L, 
( 

L, 

( 
, 

Fig. 9. 429 

[As ~ B.dt=Po"L/l 

I 

D 

94. b. Consider an element of length dx on AB, at a distance x 
from XV. Force on the element, 

dF = (J1r!!21fX)f'x dx 

Total force on AB, 

0' 

f
3L1 21l011' 

F = --dx 
Ll2 2flX 

F Poll' , 3 ,= -- og 
2~ 
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--- "--'. 

95. d. Net force on a current carrying loop in a uniform magnetic 
field is zero. So, magnetic force cannot balance its weight. 

96. a. Magnetic field at 0 is 

97. c. 

98. h 

B= 3 [110 !...(sin 60<> +Sin600
)] 

4", 

r=LI..{j 

--

Fig. 9.430 

= 3 (1l0 )(i)(-/3) (-/3) = 91l0' 
4Jl" 2 L 41lL 

. a 
x=rSln -

= 

2 

.op -- , -- , r,.-' : 
,-,' : x 

al2 

c 
Fig. 9.431 

(-l+COS~) 
J.lo j 2 
2", .a 

8m-
2 

= 1l0[[_1 ]k-~[_I ]k] 
2;r l-.!. 2 1- .!.. 

2 4 

., . 
= 1.33 x 10 k 

99. a. Point (0, 0, -a) lies on z-axis, therefore magnetic field due 
to current along z-axis is zero and due to rest two wires is 

J.Io ..!.. in mutually perpendicular directions along positive y_ 
2"a 

direction and negative x-direction. 

B- Po i(~ ~) = -- )-1 
2" a 

Magnetics 9.121 

. 
100. d. Magnetic field at P is perpendicular to paper inward due to 

both the wires. Ch!lrged particle is also projected in the same 
direction. So, force on the charged particle is zero 

as vila and F;1I=q(vxii) 

I" 

p 

, II 
dl2 dl2 

Fig. 9.432 

2i 

I I 

101. a.c.m.f. induced in coil, e= _ .1¢ = _ (rh -(PJ) 
.1r 12 - /

1 

4a4a' o 4J3 2 ¢2=BAr B - -x - xsm60 =~-Ba 
2x3 3 9 

( 4-/3). Work done, W = €lat = Sa2 1- ~9- , 

102. d. sin 8= :!... 
R 

®®®®B 
, , 
,8 R , , , , , 

R r--- -- --- ---
, , , , , , , , 
, , 
f-+--- d , 

Fig. 9.433 

d = Rsin8= ~sin8 
qB 

q vsin8 
- =--
III Bd 

, 

103. h. Magnetic field may be zero in first and Ihird quadrants. 

Poll = Po/2 represents II straight line passing through the 
2ffY 2ffx 

origin. 
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, 

, 

9.122 Physics for IIT.JEE: Electricity and Magnetism 

104. a. The gravitational torque must be counter balanced by the 
magnetic torque about 0, for equilibrium of the sphere, The 
gravitational torque Tm = mrlB sinO 

it 

- ~-- -
.' ';=":-< , 

• 
1 

h I I, , 

I, 

Fig. 9.434 => 

Fig. 9.436 

F=Bl(lI+l}j=BU 

lOS. b. 

nirZ B sin(}=mgr sin(} 

B= mg 
air 

T=2ttmlqB 

.. tHe> tp>te 

106. h. Applying Ampere's circui!allaw. 

B2m'= Jio/ttr2 
fra' 

forr<a 

and 82ttR=W 

Taking the ratio 

forR>a 

107. b. 

r " r 2 

Ii = -;;z 

a = fji; 
B=JioM 

4a d3 

. R' 
B= Jio~ 

41l' d3 

F = ~ldtXB and T=M xB 
109. b. w=2nn 

Fig. 9.435 

i x 21l'R = Rwq;:: R2anq 

B = poi = Jionq 
2R 2R 

111. a. B at all the points lying on OP is zero so u will not be affected 
by the magnetic force, Hence, it moves on a straight line, 

112. h. There will be no effect of magnetic force on time period 
because the magnetic force will be perpendicular to the 
inclined plane. 

Fig. 9.437 

113. c. Taking moments about point B to be zero. 

T, 

A 

, , 
i 

mg 

Fig. 9.438 

T, 

B 

1i.e+ibfB= m8~; To _ mg -2ibB 
,- 2 

114. d. Jioi Jioi Jioi B=----+-- + .. ·"" 
2r 2(2r) 2(22r) 

B= /1oj[I-'!'+J..-_~+",ool 
2r 222 23 
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115. b. Time period, T = 2trm 
qB 

2" T= --= ls 
"x2 

Thus, particle will be at point P after t = /2 s 

IY , , , , 

, 

+--f/,,;---_ , " , , , , 

v 

---'~~--------___ x 
Fig. 9.439 

v = 1O[cos30i +sin30Jl 

- [.,/3, 1 , ] [ "" ' ] I V = 10 Ti+1. j =5 v3i+j ms-

116. d. Let current i flows in the bigger ring, then the magnetic 
field on its axis 

B= PoiR
2 

2(R2 + x2 )312 

Flux linked with the smaller ring 

tP= B7rr2 

J1oiR2 
tP= 22312 1lr2 =Mi 

2(R +x ) 

J1otrR2r2 

2(R2 + x2)3/2 
M= 

117. d. E21lf = llR2 ( ~~} E = ~; c:::) 

118. c. 

119. a. 

qE+mg= Kx 

x= qR2(dB)+mg.x=~[mg+qR2dB] 
K2e dt K' K 22 dt 

2"m T = --=3.14s 
qB 

FR = 2..fiiBa 

2 iBa 

Fig. 9.440 
2iSa 

Magnetics 9.123 

[ 
... tB~P~o '"d) 

f B·d(=O 
, peR 

120. d. f kdP= f kdP 
PI>Q ReQ 

= (;;~)(H 
(41lxlO-

7
)(2) 1O-7'S I . 

= 16 =llX .. umlS 

Q 

/~///': (2, 2"~ 

,-' 4 P C 
.~~~--~~~~~--~x 
J - 2A (2,2,0) R 

Fig. 9.441 

121. b. Bl = Po x 2nl x.!. (due 10 semicircular part) 
41l a 2 

B2 == Po x 21 (due 10 parallel parts of currents) 
4" a 

These two fields are at right angles to each other. 
Hence, resultant field 

122. a. 

Bwire at the center of circle = P(t) 0 
2n 2R 

Total magnetic field at the center is zero. .. 
= _110_1_2 _ 110f t = 0 

2R 27r(2R) 

-., 

123. a. Radius of circular path of the charged particle r = mV 
qB 

Here R < r, hence the particle will press the ouler wall of the 
pipe hence the force applied by the pipe on the particle 
should be towards the centre of the pipe. 

qVPoi 
124. b. F = qvB = --, 

2", 

mv2 qvPoi --=--
R 2nr 
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g.124 Physics for IIT-JEE: Electricity and Magnetism 

125. a Ii 1=1_110 q,q""" 1 
BIA 41l 2-fia2 

Ii. 1= 1_110 Qtq2
V

t
V

2 ~I 
t2 4ff 2.fia2 } 

126. a. The ratio MIL is always ..!L 
2m 

127. c. mvo Vo ,=-=-
Boq Boa 

.:: = .fj =sinB 
, 2 

y 

x x 

x x , 
x Xl 

x x 

x 

x 0 x 
I· , 

=> B=6O" 

x 

,A , , , , , , 
x : 

x 

, , 

• 1 

Fig. 9.442 
T " 

fOA = "6 =, 38
0
a 

Therefore, x-coordinate of particle at any time t > ~ 
3Boa . , 

will be ' 

, 
128. d B

t 
= _110 x -:-=21<"1,,2,,,,),,' '" 

4ff ((2r)2+dztZ 

110 2ff(r)2 

B,= = 4"}+(%yr 

129. c. 

Loop B: /10 (2i - i) = P B·d l 

loop C: /loCi - 2i) = P B·di 

LoopA: Po(3; - 3;) = p B·dl 

LoopD: Po{O-i) = pB.dl 

{c)B>A<C=D 

130. d. For a circular wire 

131. a 

132. b. 

o 
Fig. 9.443 

m, ,= - => r 0<: m (for v same for both sense) 
qB 

A 30" 30" 

D 

Fig. 9.444 

c 

133. c. The field due to clockwise current cancels the field due to 
anticlockwise current. 

134. d. If r is proportional to v, t is independent of r. 
135. d. To get magnetic field in resultant direction, 

current in X should be in and that in Z should be out; 
/ in W should be in and that in Y should be out. 

136. c. We can see from trajectory that both y- and z-coordinates 
can become zero. 

Trajectory -,-/ 

y 

Fig. 9.445 
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This trajectory lies iny-z plane. So, x-coordinate is always 
zero. 

137. h B = 110 i..[sin90+sin(-B)] = 110 i..O-sin8) 
4,. a 4,. a 

t 
" " 

··· .... ·f· ·· 

90· i 
itQ 

(0,0) i (a, 0) 

Fig. 9.446 

138, c, Net magnetic field at P will be zero, because the magnetic 
field at center P is cancelled by opposite pairs likeAD-EF, 
etc. 

139. d F=q[vi]xB(-l)l=O 
Because B as well as v are along x-axis. 

140. b. r = mv = -'='-- = (2«d)(B) = 2d 
qB Ba (Ba) 

I ~ 
4d 

"1 

X X 

2 .. I X 

X .. 
X X X 

X X X 

Fig. 9.447 

i.e., the electron will move out ?fter travelling on a 
semicircular path of radius r = U. 

141. a. T=la ~ MB=la 

~mr2a 
2 

a= 2iBn = 2x4xlOn =40,.. rads - 2 
m 2 

142. a. The point charge moves il'l circle as shown in Fig. 9.393. The 
~agnetic !ield vectors at a pointp on the axis of ci rcle are 

BA and Be at the instant the point charge is at A and C, 
respectively, as shown in Fig. 9.448. 

Magnetics 11.125 

p 

.. 
.... 

' . 
... 

/ •• • • •••• • ••• "'"""1(. 

At 
...... 

' .. . .,... ....... . 

Fig. 9.448 

Hence, as the particle rotates in circle, only magnitude of 
magnetic field remains constant at P but its direction changes. 

Alternative solution: 

The magnetic field at a point on the axis due to charge 
moving along a circular path is given by 

flo qvxr 
4,. r3 

It can be seen that he magnitude of the magnetic field at a 
point on the a:<is remains constant. But direction of the field 
keeps on changing. 

143. b. Point A shall record zero magnetic field when the 
a~particle is at positions P and Qas 'shown in Fig. 9.449. The 
time taken by a-particle to go from P to Q is 

o 60° 2R 

60' 

Fig. 9.449 

T I 2n 
t= -",,- x -

3 3 OJ 

2" or w=-
31 

A 

144. a. The equivalent figure can be redrawn as shown in 
Fig. 9.450. 
Force on AB = ilB, Force on BCA = 2iIB in opposite direction 
to that on BA. 

AA, L--:2~'-.c. c 

Fig. 9.450 

Hence, net force = 2iIB - ilB = ilB 
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9.1215 Physics for IlT·JEE: Electricity and Magnetism 

145. d. The particle will mOVe in a non-uniform helical path with 
increasing pitch as shown in Fig. 9.451. 

y 

Fig. 9.451 

" "d" r 2"m Its time perlO wlil be: = -- = 27r S 
qB 

changing the view, the particle seems to move in a circular 
path in (X-Z) plane as shown in Fig. 9.452 

x 

_ - _I-"-P _ _ _ 0 
Z 

Fig. 9.452 

After 7r seconds, the particle will be at point 'P' (after 
completing half circle), henee X-coordinate of P will be O. 

I Eq ff2 
y(7r) = O(1.)+- - (fl"i = -, 

2 m 2 
z= 2r = 2mv/qB = 2m 

Hence, the coordinates of the particle are (0, ~2 , 2) 
146. c. The center will be at 'C' as shown in Fig. 9.453 

Coordinates of the center are 

(r cos 60°, ,....rsin 60°) 

where 

i.e., 

. . mv Ixl 
r= radiUS of circle = - ~ - ~ 1 

Bq Ixl 

...... 
....... 

(-" 3,-1) 

Fig. 9.453 

(~ _ .J3) 
2' 2 

.® B-1 T 
..... 

14'7 •. ~?ihe charged particle moves in a circle of radius al2. 

60· 

./2 

Fig. 9.454 

m,' 
qvB = - - 0' 

a/2 
B='!!!!::.. 

qo 

148. b. Two particles will meet at P. After they meet they will stick 
together. Momentum mv will remain same. But charge is 
doubled, so radius is halved. 

B @I ___ """'~ 
/' i '\ 

. .: . \ 
\ (-r, rl2, 0)': , , 
'-- -' 

, , 
Fig. 9.455 

Finally, both move in dotted circle. 

y 

149. c. After two and a halftime periods, its x-coordinate will be 
2.5P 0 (so x-coordinate of image will be 17.5Po)' It will be at 
distance 2Ro (equal to diameter) on the negative z-axis and 
y-coordinate will be zero. 

150. c.Initially: 1.2 N =lctxB) downward 

Fig. 9.456 

In the given condition: 

E 

s 

e 

N 

Fig. 9.457 

B 
w 

F= 1-'- BsinB= I fB = 1.2 N downward 
sine 
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; 

151. c. Magnetic field at 'F' due to wires (I) and (2) is 

-B = flo 1 + Pol = 2Pol 
I 2Jt(xsina) 2Jt(xsina) 2Jt(xsina) 

(outside the paper) 

p 

Fig. 9.458 

Now, if a current of ~ is flowing in the third wire, then 
sma 

the magnetic field due to the same will be 

11<121] B2 = --l-'- ,which will cancel BI ifit is in the paper 
2Jtx sma 

which is possible if the current -!!- in the third wire is from 
sma 

right to left. 
152. a. At a distance x consider a small element of width dx. 

Magnetic moment of the small element is: , 

1"Il=: 
Fig. 9.459 

153. b. Use ~B.ii = Pol, where 1 is the current enclosed by the 

loop. 
154. a. Wire abc can be replaced by a straight wire ac for the 

computation offorce. 

Length of ac can be written as, 

l= rc - rA=[ci+J)-(i+k)]50XIO-2 

= o.soU-f] 

Required force, F = 1 (ex.8) = 0.61 

155. a. The net force acting on the loop would be along X~a)lis (to 
determine whether it is along +ve or -ve X -axis, calculation 
has to be carried out) as shown in Fig. 9.460. 

Magnetks 9.127 

F, 

"'Jll . , 

F 

Fig. 9.460 

156. h. Each and every pair of loop elements located 
symmetrically w.r.1. central line experiences zero net force, so 
total magnetic forcc experienced by the loop is zero. 

- lq ,,' 
E = - --r= 2k:r = k 

4JtGo ,.2 
157. a. 

- Poq'x! [ q ](' ') -B = - -- = PoGo --2 I +3J xk 
4Jr ,.2 4Jrt"o" 

= ,uoEo2[-J+3i] = (6i-2J),uoeo 
158. h. As the loop is placed in horizontal plane, so area vector is 

along vertical direction. From i" =I(AXB), as A is in 
vertical direction, T would be the plane of loop only. So, 
option ea) is wrong because for rotation of loop about its 
own axis f must be along vertical direction. (b) is correct 
because we can produce torque in the plane or-'the loop and 
due to this the loop can tip over. i 

159. a. Electric field in between the capacitor plates is given by 

E= ~ 
GoA > 

where Q is the charge on capacitor. 
Q= eoA xE= 8.85 x 1O-12 X 25 x 10-7 X 400 

= 8.85 x 1O- 1 ~ C 

Magnetic force experienced by + ve plate is, 

F", = QvB = 8.85 x 10-15 x25 x4 
= 8.85 x 10- 13 C in direction out oflhe plane of 

paper. , 
160. c. The partAUB of the wire can be replaced by straight wire 

AB and BWG can be replaced by BG. 

u IV 

, 
A ---- ----- --- -0-:----------- --- c 

, , , 

Fig. 9.461 

Force e~perienced by AB is, Pi = IBo (J2 R) 

Force experienccd by BGis, F2 = I x 280 x J2 R 
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9.128 Physics for IIT-JH: Electricity and Magnetism 

Resultant magnetic force acting on the wire is, 

F= ~Fi.2+Fl =M1BoR 

161. a. Let a is the side of square. 

i1 

• • 

mg 
2mg 

Fig. 9.462 

Torque of current = MB sin(90 - 8) 

= MB cos (} = i a2B cos B 

Mass of each side = m = pAa 
Torque of gravity 

=2mg ~ sinB+mgasinB 

= 2 mg a sin B= 2pAga2 sin B 
Now, both torques should be same 
i.e., la2B cos B= 2pAga1 sin (} 

~ cot (}= 2pAg 
. IB 

162. c. 
y 

• "--'-' __ -x 

Fig. 9.463 

Since the proton is entering the magnetic field at some angle 
other than 900

, its path is helix. 
Corresponding velocity of the proton along X-axis, 

v..,=vcos60° = 2X.106 X% = lcfims-1 

Due to velocity component VX' the radius of the helix is 
described and is given by the relation 

r= mv.., = 1.6 X 10-
27 

X 10
6 

=O.lm 
qB 1.6xlO-19 xO.1O 

Now, T= 2ltr = 2JtxO.1 =2JtxlO-7s 
v.. 106 

163. d. Consider the 2D view of the situation. Before any collision 
with the walls of cylinder, the particle will move in horizontal 
plane if qvB =mg. 

,,8 
q 

mg 

Fig. 9.464 

But after 1 SI collision, qvB and mg start acting in the same 
direction along vertical and the particle is not able to move 
in horizontal plane. 

After 1'1 
collision 

mg + qvB 

Fig. 9.465 

164. a. The resultant figure can be redrawn as in Fig. 9.466, 

D 
c 

8 

G 

F 
E F 

Fig. 9.466 

The field at P due to upper and lower squares will cancel out. 
Resultant field at P will be due to the square BCGF as shown 
in the figure. 

4p,,1 
Solve to get, B p = ----r.; 

Jt",3a 
165. Co 

Cr-_~ __ ."", ... B 

F • 

...... .... 

.... 

• A 

Fig. 9.467 

Due to FABC, the magnetic field at 0 is along y-axis and due 
to CDEF, the magnetic field is along axis. 

Hence, the field will be of the form A [i + J] 
Calculating field due to FABC: 
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DuetoBC: 

~ floi ~ 
BAJJ = 2.fia/ 

- /loi[ 1 1 .J2], Hence, BpA-Be c_ 7"7?+-:-r=+-Z ' 
ttl 2",2 2",2 

- .J2/loi(,) ~ EpAJJC = -;rt J 

Similarly due to CDEP; 

- .J2/loi (0) BCDEP = nt J 

.J2/loi (' ') - --d, 
'Bnel = al 

166. b. 

I .. ··· .... 

,f 

~~)l>,~m 
......... '. .....•. 

Fig. 9.468 

Let us compute the magnetic field 'due to anyone segment: 

B= t i 
) (oo,Oo+co,(180-a)) 

4a dsma 

= flol (l-cosa) = /101 tan~ 
4a(dsina) 4ad 2 

Resultant field will be: 

Bnci = 2B = ,uol tan!!' => K = ,uol 
2ad 2 2ad 

167. c. 

168. b. 

BOD=O 

B08=0 

__ Parallel 10 'y'·a~i8 

A, 
'UpIO 00 

Fig. 9.469 

Magnetics 11.129 

Blt8 = ,u,,1 t;:;" [COS45°(-i)+COS450 kJ 
4tta'l/2 

/lo/(, 0) 
c':"":':"" -I +k 

8~a 

-
! 

A 

90· : 
, r--.f 

(0,0)·]" .................. · .... · ....... '(a, 0) 

Fig. 9.470 

Magnetic field strength at P due the II 

8
1 
= JiO/I k = 4JZ'xlO-

7 
x2£. 

Z~(AP) Z~xlxIO-' 

= (4XW'T)f 
Magnetic field strength at P due the 12 

8 = /10 / 2 ~=4axl0-7X3~=(3XlO-5T)J -· 
2 2a(BP)} 2nX2XIO-2J 

Hence, 8 = (3XIO-ST)J+(4XIO-ST)£' 

169. do 

~B.dl = /1o(il +i3 +iz -13) =,uO(i1 +i2) 

[since for the given direction of circulation 13 entering at 
PSTU is positive while i) at PQRS is negative] 
Alternative solution: 

~ii.di=~ii.d/+~jj.d/ =W, +/lo~ =/lo(i, +~) 
ABCDA ABCA CDA-C 
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9.130 Physics for IIT-JEE; Electricity and Magnetism 

170. c. 

t 
B 

Rl R2 R) 
(C) 

Fig. 9.471 

From Ampere's law, the field at the axis is zero. Fromx 
= 0 to R I' the field increases linearly as the charge enclosed 
increases. 
From x = RI to R2 and from x = R2 to R3, the field decreases 
hyperbolically but with different slopes as the media are 
different. 
Hence, the required graph is (c). 

171. d.Forcylinder: 

B= floir; 
2ffR2 

_ floi . 
- 2ffR2 ' 

We can consider the given cylinder as a combination of two 
cylinders. One of radius 'R' carrying current 1 in one 

direction and other of radius!!.. carrying current!" in both 
~ 2 3 

directions. 

AtpointA:B= !l0(1/3) +0= J.iol 
Z,,(RI2) 3d 

At point B: B = J.io (_4/_1_;l(~l+o = _#0_1 

2ff ffR 2 3ffR 
172. c. Let current inAB is 11 and in DC, 12, Then 

h 
Dr __ ~----' C 

,f-~-- B 

Fig. 9.472 

!J.. = ~. It is because resistance of AB wi!! be one-third of 
I, 

that of ADCB. 

BI / 1 -= - =3 
B2 12 

Now, 

173. b. r= mv = -J2mE = ~ = F x.fiV 
qB qB qB 'r;; B 

174. c. 

So, 

~-. , , 

r2 = .fi'i = S.ficm 

B = J.ioni 
2, 

1 
R=2ffrn, r= -

2~n 

J.ioffin2 
B= -1- => Bisminimumifn= I 

I 2 I 2 
175. a. -EoE = - B 

2 2J.io 

~2 8 _I 
E = --=Bc=3x1ONC 

J.ioEo 

where c is velocity of light. 
176. c. The straight wire generates field in the inward dIrection 

and the curved wire generates field in the outward direction. 
The contribution of straight line is more because every part 
'of it is closer to the point 0 as compared to every part on the 
curved wire. Furthermore. if the angle B becomes more than 
or equal to ff, then the magnetic induction at the point 0 
becomes outward. 

177. b. Pitchp and radius r 

If p = r, then tan ()= 2ff or ()= tan-I 2ff 

R ""mv = ~)2(KE) =..& 'KE 178.d. VAr., 

179. a. 

180. a. 

181. b. 

qBqB m qB 

!i = .JJin => R2 =.!!J... = ~ = 2.ficm 
R2 KE/2 .fi ,,2 

B = 1101 (±i) + J.iri (±Jj + pol (±k) 
2R 2R 2R 

IBI=l1.ffj 
2R 

, #o(QV q'V'l BtOI31=B+B = - ,+-, ' 
. 4ffd d 

B= 110 ( 8.0 x 10--6 C)(4.5 x 106 ms-
l
) 

4ff (0.120 m)2 

+ (3.0xl0--6 C)(9.0x 106
mS-

I
)) 

(0.120 m)2 

B= 4.38 x 10-4 T, into the page. 

! ~.OAt ' ' , " , I '," " #4 

:,-,.- ,'(.'j ,~ " , I:' 
" u '\.8;OA , 

• 
" , 
20.0A 
~ 

#3 

Fig. 9.473 
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H[ ®, H2 ®, H3 

B = flol ; r = 0.200 m for each wire 
2n, 

BI = 1.00,x 1O-~ T, B2 = 0.80 x 1O-~ T, 

B) = 2.00 x 1O-~ T 

Let 0 be the posi~ive z-direction. 

I[ = LQ,O A, 12 = 8.0 A, I) = 20.0 A--

Bh = -l.OO xlO-S T,B2t = -0.80XlO-S T, 

B3z = +2.00 x 10-5 T 
B It + B2t + B3t +B4t = 0 

B4l = -(B[t + B2l + ~l) =-2.0x 1O~ T 

To give B4 in th~ ® direction, the current in wire 4 must be 
toward the bott~m of the page. 

}101 I rB4 
B4 = 2trr' so 4::' '(}1o/2tr) 

= (0'.200 m) (2.0 x 10-6 T) = 2.0 A 
. ,(2xlO-7 TmA I) 

182. d. A point on the axis of the loop ·is on the perpendicular 
bisector of each of the lo-op sides. Fig. 9.474 shows field of a 
single wire. 

Ph 
..-/(e~ 

g:;z 2 ....... B 
r= - +.t ... . 

4 "'--+~'--7 j 

, ..• 
'" 

Fig. 9.474 

When the fields of all the four sides are considered, the 
horizontal components add to zero; so the totai field is given by 

4Ba 4Ba 
BR= 4BcosB=-=r=~~ 

2r .J4x2 + aZ 

4J.1oia2 

= ---:-:-;---";''''''F,~ 
tr(4x2 +aZ).J4x2 +2a2 

For x = 0, the expressi.o~' reduces to 

4f./f)ia 2 2..fiPoi 
BR= = - - -

. tra2~ . Ira 

183. c. Along the dashed line, B[ and Bzare in opposite directions. 
If the line has slope - 1.00, then r[ -= r 2 and B[ = B2-

'So, Btot = 0 

. 
Magnetics; 9.131 

[o.oA t 
Fig. 9.475 

184. c. 
y 

Vol - vo i 

45" if , , 
V.L - Vo ~ 

" y 

Fig. 9.476 

Angle between v and ii, 
v· jj 1 

cosB= --_-=- :::} B=45° 
Iv l.lB I .fi 

V(ll = -vocosB[ +vosinBJ-vok 

2tr qBol 
B= OJI = - I = -- = aBol 

T m 

v(1) = -Yo cos (aBot) i + Vo sin(aBot)J - vok 

185. c. The current is to the left, so the force is into the plane. 

LFy =NcosB-Mg=O 

andL.Fx = NsinO-FB=O 

Mg tanB 
FB = Mg tanO =!LB:::} I = ~~L""'B'-

MuLtipLe correct 
Answers Type 

1. a., b., c., d. 

Options (a) and (b) are theoretical facts. As in case of moving 
charged particle in magnetic field Fmag J.. v, hence power 
associated will be zero (option (c) is correct). 
If bo~~e electric and magnetic fields exist; If jj II E, the 
path oltne charged particle will be helical. 
If jj It" E, the mdius of the charged partir;:le will not be constant. 
Henc~, the path will not be circular (option (d) is correct). 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



-- - - - .. ~- - -

9.132 Physics for IIT·JEE: Electricity and Magnetism 

2. a.tb. 
Let d = distance of the target T from the point of projection. 
P will strike T if d is an integral multiple oflhe pitch. 

Pitch =(2;; )VCOSB 

Pitch =k(~) 
where k = constant 

Initially, 

3. H.,d. 
When the particle moves in u helical path, the plane of the 
helical path will be slightly inclined with x-axis. Hence, 
option~ (a) and Cd) are correct. 

"'"'1 ~" 
V , " 

I'COS 0 i! 
Fig. 9.477 

4. a.,b.,e. 

. (2nm) Pitch = QB veas B 

~lso, mvsin8=QBr for 
k ugnctic field 

motion perpendicular to the 

mvsin {J 
or r=---

QB 
Maximum distance of the particle from the x-axis = 2r 

(2nm) m' . QB vcoS8=2QBsm8 

or tunB=1l" 

Hence, the options (a), (b) and (e) are not correct. 
5. a.,e. 

In the absence of a magnetic field, the particle will 
experience gravitational force mg. As a result, the particle 
will not continue moving in the horizontal direction but will 
describe a parabolic path. So, a magnetic field must be 
present and its direction must be perpendicular to the 
direction of the velocity. The magnetic force experienced 

by the particle is given by F = q (vxB). 
The magnitude of the force is F qvB sin B. If the particle is to 
move in the horizontal direction, this force must balance the 
force of gravity, i.e., 

mg= qvB sinB 

The minimum value of Bcorresponds to sin B= 1 or B= 90°. 
Thus, 

mg = qvB 

oc 8=mg 

q' 

O.5xlO-3 x9.8 

2.5x 10-8 x 6x 104 

= 3.27 T 
Hence, the correct options are (a) and (c). 

6. a.,b. 
The pairs F, ii and p, jj are always at right angles to each 

other, because F is always perpendicular to the plane 

containing Ii and ii. Vectors Ii and ii hav~ :my angle 

between them. 

7. a.,e. 

Since 

Now, 

8. b.,d. 

a~» al' 

F 
a =, m,. 

1 2 1 2 
d ='2attl and d ='2apt2 

If a particle moves in a magnetic field in helical path, the 
plane of the helical path will be inclined at an acute angle 
with the ma gnetic field. 

Cf:X'f:1:X f(.1,"OOf ilJUUU(f( helical path 

Fig. 9.478 

Hence, options (b) and (d) are correct. 

9. a.,b. 

Use right hand rule or F = qv x jj for explanation. 

y 

y 
, 

B ,/' 

" /,/ 
__________ -"';:.~_,,-~:::: ________ __ x , 

, 

Fig. 9.479 

I 
"~_--to --.. 

_ ... _______ x 

" B 

... . , 
If we apply magnetic field along y-direction, the circular path 
in x-z plane, the particle can move parallel to magnetic 
direction. 
If we apply the magnetic field in z-direction, the plane of 
circular path will be x-y plane. 
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10. B., b., d. 
If a charged particle goes unaccelerated in a region 
containing electric and magnetic fields. 

IqEI= IqvxB I ~ E=v XB 

l EI= IvBI 

The acceleration of the particle will be zero if E .L B. 
11. b.,d. 

Velocity of proton makes an angle of 450 with the direction 
of magnetic field. Therefore, the path of the proton is a 
helix. The plane of the circle of this helix is the plane formed 
by negative x and positive (:-axis. Therefore. x-coordinate 
can never be positive. Further, x- and z-coordinates will 
become zero simultaneously after every pitch and 
y-coordinate of the proton at any time t is 

y=vot,i.e., yoet 

c 

12. B.,b.,c. 

y 

D 

B 

Fig. 9.480 

If x = y, then v II 8, i.e .• Fm = 0. Hence, the option (a) is 
correct. 

F=q(vXB) =q[(xi+yj)x(yi+xj)) 

=(x2 -i)k 
Now,ifx>y, Foe(X2_i) 

And F is along + ve z-axis. But if y > x, force will be along 
negative z-axis. 
.. The options (b) and (c) are also correct. 

13. a,b. 
If electric field is parallel to magnetic field, the charged 
particle moving parallel to E experiences a force in the 
direction of E; due to B there will not be any force. 
Hence, no deflection. 
The particle may go undeflected in the case when forces 
due to electric field and magnetic field balance each other. 

14. a., b., c. 
Ifx=y,then vIlB,Le., Fmag =0. 
Hence, (a) is correct. 

Fmag = q(vxB)=q[(xt+yj)x(yi+xj)] 

Fmag = q(x2 + i)k 
If x> y, then the force is along z-axis. 

15. a., b., c. 
For BI and B4, the contributions due to the differen~ sections 
add up. For B2 and B3, the contributions due to the outer 

Magnetics !Ull 

sections oppose the contributions due to the inner sections. 
Thus, BI and B4 are greater than B2 and 83, For B4, there is a 
section with radius < b and hence. it contributes more than 
the semicircular section of radius b does for B I. Thus, 
B4>BI· 
For B3• there is a section with radius> b and hence it 
contributes less than the semicircular section of radius 
b does for B2. Thus. B3 < B2. 
Hence, 84 > 8[ > 82 > B3 

16. a., b., c. 
To find the Ampere's force on a conductor of any shape, 
replace the conductor by an imaginary straight conductor 
joining the two ends of the given conductor. So, if 8 is in 
x-direction, then the imaginary straight conductor will be 
along the field and the force acting on it will be zero. If B is 
in y-direction, then the force will be AB! acting along the 
z-direction. Similarly, if B is in the z-direction, then the force 
will be AB!. acting along the negative y-direction. 

17. b.,d. 

/ln N!r2 
B = along x-axis 

2(r2 +X2)3/2 

B = ).JoN! r3 

2r (r2+:?)312 

8 = /lnN! sin3 & 
2, 

According to which, the coil with lesser radius will make 
more contribution. 

18. b.,d. 
The perpendicular distance from wire to points (A and C) 
and points (8 and D) are same. 

19. a,d. 
The magnitude of the magnetic field depends only on the 
distance from the x-axis. Points A and C are at dista'nces of 
1 unit each from the x-axis. Points Band D are at distances 

of J2 unit each from the x-axis. Magnetic field at point D, 

B = .J!JL.. 
2.j2n 

It is obvious that field B is inclineQ an angle of 450 with 
thex-y plane. 

20. a.,b.,c.,d. 

21. b.,e. 

- - - - "'01 
IBtt 1= IBo l =IBcl= IBDI=-

2na 

If a current passes through any conductor, net charge 
through any section is zero. Hence, electric field in the 
vicinity of the"conductor is zero. We can observe using Biot 
and Savart law that the magnetic field at the axis of the 
cylindrical wire will be zero. Electric field at the axis of the 
wire cannot be zero otherwise the current through the wire 
cannot flow. 
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9.134 Physics for IIT.JEE: Electricity and Magnetism 

E~O ' 8-0 

E- O 

Fig. 9.481 

22. a.,b. 
Ncos B= mg (i) 

Ncos 9 

N 
B , 

Nsin 9 ... - .. _-- J1!}-- - F-BIL 

, mg 

Fig. 9.482 

[® indicates current I is flowing into the paper] 
N sin B= BIL (li) 

BIL 
tanB= -

mg 

23.b.,d. 
For rotation equilibrium, taking torque about the point from , 
where nonnal force passes. I 

a a 
laBo - + laBo - - mgx::: 0 

2 2 
lazE x 0 __ ° 

mg 

For the block not to topple: 

x<~ => 1< mg 
2 ZaBo 

24. a.,b.,c.,d. 
Option (b) is obvious 

PQ::: 2rsin a::: Zmvosina 
qB 

ao fJ 
. k 2", Tlmeta en::: T:::--

2nm 
To 

qB 

T ) 2m( Forttime, t ::: -(Za-2a:::- a-a) 
2a qB 

25. a., b., c. 
If a charge particle experiences no electromagnetic force, 
then electric field must be zero (as F::: qih The magnetic 
field mayor may not be zero as a charge particle at rest or 
moving in the direction of magnetic field experiences no 
force. 

a. When both E and B are 0, it is undeflected. 

b. If E is non-zero, it will move in the direction of E and 
" remains undeflected. 

c. His non-zero, force will be in direction of E. B is non-zero 

and V is parallel to jj. 

F ::: qv x jj will become zero due to B and proton will 

move in a direction of E only. 

26. a., b., c., d. 

i.e., 

So, 

ao F o qE o'i(a-fJx) 
m m In 

a 
a=Oat x=p 

force on the particle is zero at x = ~ 

mean position of the particle is at x =!: . . fJ 

Equation (1) can be written as v
dv 

=!L(a-f3x) 
dx m 

• '( fJ) J vdv= !L J a - -x dx 
o mo 2 

2QX(a _!!. x) 
In . 2 

2a 
v=Oatx=Oand x=p 

2a 
So, the particle oscillates between x = 0 and x o -

fJ 
. . a 

mean positIOn at X "" p" 

(i) 

with 

Maximum acceleration of the particle is-at extreme positions 
(atx= 0 or x =2aJj3) and amax = qalm [from equation (i»). 

27. a.,c. 

Using B = Po NI 
2R 

I BI I= IB2 1=4ax 1O~ T 

If current in same sense Bnel = 8ax 10-4 T 
If current in opposite sense Bn01 = 0 
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28. a., e.,d. 

As magnetic field due to a long wire B = flo / . The magnetic 
2, 

field lines are concentric with Jjre. The direction may be 
either clockwise or anticlockwise. Hence ~ptions (a), (e) and 
(d) are correct. 

29. a.,b.,c. 
Proton is deflected towards positive x-axis even if only 
electric field is·switched on. 

Therefore, E is along positive x-axis or option (b) is correct. 
Proton is deflected along positive x-axis when only magnetic 
fi eld is switched on, i.e., magnetic force F;" is along positive 
x-axis. This is possible in the following two cases: 
a y is along positive y-axis and E along positive z-axis. 
b. ~' is along negative y-axis and iJ along negative z-axis 

because F", = q(iixl1). 
Therefore options (a) and (e) are also correct. 

30. a.,b.,d. 
In going from P to Q. increase in kinetic energy 

.!.m{2v)2 _.!.mv2 =.!.m (3,2) = work done by electric field. 
2 2 2 

or ..-- 3mv2=Eqx2a 

or E=&( ::2) 
The rate of work done by Eat P = force due to E x velocity. 

= (qE),=qV[ H ::)H( m;') 
At q. is perpendicular to and, and no work is done by either 
field. 

:31. a.,e.,d. 

F;I=~82 +62 :=Wm/s 

Radius of circular path r= mv = 10 = Sm 
q8 2 

As the magnetic field is in x·direction. hence the path of the 
charged particle will be circular o f radius 5 m in x-y plane; 
hence options (a) and (b) may be possible. 

T· ·od f· I h T 2trr 2trx5 Ime pen 0 ClfCU ar pat = -- = --= ./rsec 
v 10 

32.8.,b.,c. 
Whenever a particle moves along a spiral path. its velocity 
always remains in the plane of spiral or the component of the 
velocity nonnal to the plane of spiral is always equal to zero. 
Force exerted by magnetic field is always nonnal to the 
d ir~tion of motion of the particle. 

F 

, 

Q 

Direction of 
l' / auocia!cd 
/ curren! 

Fig. 9.483 

Magnetics 11.135 

Force exerted by the magnetic field is in the plane of spiral. 
Direction of magnetic field is always normal to ~oth the 
velocity vector and the direction of force. It means, magnetic 
field is nonnal to the plane of spiral. Hence, (a) is correct. 
Since the partiole experiences a resistance against its 
motion. therefore its speed decreases continuously. Radius 
of theci~u lar path followed by a charged particle moving in 

a magnetic field is given by R = ~. Since v is continuously 
q8 

decreasing, therefore radius R also decreases continuously. 
So. a charged particle should follow a spiral path of 
decreasing radius. Hence, the particle enters the magnetic 
field at Q or (b) is correct. 
Force experienced by the particle is towards the center and 
direction of the force is found out by Fleming's left hand 
rule. Since magnetic field is outward, therefore according to 
FJeming's left hand rule. the di rec tion of current associated 
with its motion should be as shown in Fig. 9 .428 . Since the 
particle is moving in Ihe same direction, therefore Ihe particle 
is positively charged. 
Hence, (c) is correct. Obviously, (d) is wrong . 

33. a.,b.,d. 

Period of revolution of a charged particle moving in a 

·f . Co Id · . b T 2"m Th· ·od um orm magnetic Ie IS gLven y = --. IS pen 
q8 

T does not depend upon 'speed of the particle. In this 
particular question, the moving particle is an electron. 
Hence, its mass and charge (q) both are constant. Magnetic 
field is also uniform. Hence, its period of revolution remains . 
constant. It means, the electron moves ,with conslam 
angular velocity. Hence, (a) is correct. 
In previous question, we have already discussed that if u 
charged particle e~periences a resisting force against its 
motion. then it foll ows a decreasing radius spiral path. III 
this question, the electron is moving along a spiral path or 
decreasing radius. It means, its speed is decreasing 
continuously. Hence, (b) is correct. 
Since speed o f thc electron is cou ntinuously decreasing, 
therefore it is experiencing a tangential retardation. It is 
possible only when the component of resultant force 
opposite to the direction of motion of electron has non·zero 
value. It means. net force on the electron cannot be perpen
dicular to its direction of motion. Hence, (c) is wrong. 
Since speed of the electron is decreasing continuously. 
therefore the force cxerted by the magnetic field (F = qvB) is 
also decreasing conti nuously. Hence. magnitude of net 
force acting on the e lectron is decreasing continuously. 
Hence.-(d) is correct. 

34, a"e. 
a Velocity of the particle can be constant if the electric 

force balances the magnetic force, i.e., qE = qv x lJ 
b. If E = 0, the particle can trace circular palh if v 1. B. 

. c. Jf E = q. kinelie' erlli,l;If' ~~'llS .constant. becaus,e 
magnetillforte does not 60' any ·work. . 
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35. a., b., c., d. 

Polx 
Farx ::or,B=--, 

2n, 
Hence, B<>< x 
Ataxisx=O => B=O 

For x ~ r, B= Pol 
2trx 

I 
Hence,S<>< -

x 
Also B is maximum at surface (x = r) 

36. b.,e. 'Ii .L B 
Therefore, path of the particle is a circle. In magnetic field, 
speed of the particle remains constant. Therefore, distance 

moved by the particle in time t =...!!.... is Vo t or ltVo . 
Boa Boa 

Magnitude of velocity is always Yo. 

37. b.,e.,d. r=M xB and U = -/Vi'B 
Here, M and Bare anti·parallel. 

.. i'=O andU=+MB(maximum) 
,', (b), (c) and (d), 

38. a., b., c. 
tr trmv 

Arc length: AS = - r =--
3 3qB 

30' 

~3~O"~---"'/B?"" 
30" 

0" 
__ ----;¥.>;3~.:.::: ......... 

",0 A 

" . 
Fig. 9,484 

o trl3 T mn Time:t=-=--=-=-
OJ 2triT 6 3qB 

D' tonv Istance = yt =--
3qB 

39. a., b" c, 
The particle will move along an arc which is part of a circle of 

radius: r = my 
Bq 

C F v 

F 

R 

Fig, 9,485 

From Fig. 9.430, we can see that r= R 

R=mv 
Bq 

T 
nr/2 nr nR 

=--=-=-
y 2v 2y 

T= mn 
2Bq 

40. a.,b. 

Fig, 9,486 

When a charge is passed through a wire, a current flows in 
the wire (for a very small time). As a result of this. the wire 
experiences a magnetic force for a very small duration, i.e, 
during the time for which charge has been passed through 
the wire, due to which it acquires so~e 'velocity; then 
onwards, it moves under gravity, For the wire to move up the 
incline, the positive charge has to pass through the wire, 
due to which it acquires some velocity; then onwards, it 
moves under gravity. For the wire to move up the incline, the 
positive charge has to pass through the wire in a direction 
coinciding with into the plane of paper. 

F,,, =IBl=dQxBf.=ma 
~. dr 

[For this small duration dt, we can neglect gravity force 
because 1 would be very large due to small passage time of 
charge.] 

m dv = dq xBe 
dt dt 

mdv=dqxBe 
mv=qxBt 

qxB f. 
v=--

m 
where q is the charge passed through the wire and v is the 
velocity acquired by the wire just after charge had been 
passed through it. 
From kinematics, v2 =2g sin Os 

m~2gssin (J 

q= Bf. 

41. b.,d. 
Distance of A and C is same from wire. Hence, magnetic field 
at A and C is same in magnitude. • 
Similarly, for points 8 andD. 

y 

A(O, 1,0) 
,/ _ .. _ .... ::': 

,/ ,' : Wire 
8(0, I, 1) ••••• -'-"i D ' : ,: 

! : ,/ I x , , ' 
' .... """·"·¥'ql,O,1) , 

Fig. 9.487 
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42. b.,d. 
In first and third quadrants, direction of. magnetic fi eld is 
opposite due to the two wires. So. magnetic field can be zero 
only in first and third quadrants not in ~econd and founh. 
Hence, (b) and (d) are correct. 

43. c.,d. 
The two particles have equal charges and move through the 
same p.d. They will, therefore, acquire the same energy (E). 

Also, E = p'll2m or p = ~2m E ,where p "" momentum. For 

the same E. the particle with greater m has greater p. 

44 ••• , c., d. 
For a charged particle moving in magnetic field a.l v 
Hencev·a::;.e::::) x=-1.5 / 

The magnetic field should be perpendicular to the a ,hence 
should be perpendicular to:x-y plane. 
The kinetic energy of a moving particle in the magnetic field 
remains unchanged as magnetic fi eld does no work on the 
charged particle. 

Asserti on-Reasoning 
Type 

1. c. Cyclotron is suitable for accelerating heavy charged 
panicles such as protons, a-panicles and positive ions. In a 
cyclotron, the positive ions cross again and again the same 
alternating (ratio frequency) electric field and thereby gain 
energy. It is achieved by making them to move along spiral 
circular paths under the action of a strong magnetic field. 
Cyclotron is also known as magnetic resonance accelerator. 
Cyclotron freque ncy is given by 

I Bq 
v=-=--

T 2mn 

It is obvious that cyclotron frequency does not depend 
upon velocity of the charged particle. 

2. a. Cyclotron is not suitable for accelerating electrons. The 
reason is that due to small mass, the speed of electrons 
increases rapidly. Likewise. due to the quick relativistic 
variation in their mass, the electrons get out of step with the 
oscillating electric field. 

3. c. If the path of the charged particle is circular, then radius of 
the circular path is directly proportional to the speed and 
mass of the particle as 

mv ,= -
q,B , 

.. Centripetal force = ~ = qo vB , 
4. b. The magnetic field at a point due to current flowing 

through an infinitely long conductor is g iven by 

B= J.Io 21 
4ff a 

where a is the distance of that point from the conductor. 
Now, according 10 righl hand thumb rule it follows that 

Magnetics 9.137 

magnetic field is in the form of concentric circles, whose 
centers lie on the straight conductor. 

S. c. Magnetic induction at 0 due to I., 

8 - Po I.e (directed nonnally into plane) 
. - 4n r 

S' 'I I B /10 (2n- 8) I muary, 2= -X , 
4ff , 

(directed normally upward to the paper) 
I,e 

Since /1 = 21r- e' 82=B. (but opposite in direction) 

6, a 
my' 
--=qvB , 
, 
~ = qvB is called a centripetal acceleration. 
, m 

7. d. £=Bvtsin 8 
If 8=0,£=0. 

8. c. 

dF 

d9 "" ,/' 

-'- : ,/ 
',d;-t::;9 ' dS / , , , , 

'-1/ 

Fig. 9.488 

2Tsin d8= BjR(2d~ 

T= iBR. 

9. a. U= -ji..fl=-pBcos8 

d8 

T 

, , 

Since J.i, B as well as Bremain constant, U does not change. 

10. d. I B I is proportional to number of magnetic field lioes per 
unit area (area should be normal [ 0 field). 

11. a. The period of a charged particle in a magnetic field is 
given by . 

T= 21rm 
qB 

12. d. Magnetic field exists both inside and outside. 

13. d. The windings of helix carry currenls in same direction. 
Hence. Ihey experience an attractive force pulling the lower 
end oul of mercury. As a result of this, the circuit breaks and 
so the force of attraction vanishes. The helix comes back to 
its initial position, completing [he circuit again. 

14.8. F:qVXB => i.LV 
So, power produced by magnetic force is zero. 

=> Kinetic energy of particle will remain conserved. 
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15. a-
X X X X X 

I 

X X X I X X 

R V(conslanlj 

X X F.- X 
_Fe,! 

X X X X 

Fig. 9.489 

e= mv 

!= BeV 
R 

. B'le2V 
FB = UB =-R- -

16. a. Initially, momentM = ! n? 
And afterwards M' =! n(2r)2 

=4!(nr2)=4M 

X 

X -- -

So, magnetic moment becomes four times when radius is 
doubled. 

17. b. As we know, every atom of a magnet acts as a dipole. So, 
poles cannot be separated. When magnet is broken into two 
equal pieces magnetic moment of each part will be half of the 
original magnet. 

18. c. Velocity is a vector quantity. Even if direction changes, 
velocity is said to be changing, no matter if the speed 
remains same or different. 

19.d. Due to both positive and negative charges, the wire is 
electrically neutral and hence no electric field is present and 
only magnetic field is created. 

20. d. Force on the loop is not zero; because magnetic field is 
not constant. 

21. b. Use F :Pi dlxB == 01_ 

f = MBsinO=O 

22_ b. For a solenoid, Bend = .!. Bin' Also, for a long solenoid 
2 

magnetic field is uniform within it but this reason does not 
explain Statement I. 

23. a. Work done by magnetic force on a moving charge is zero. 

24. b. Magnetic force is always p~rpendicular to magnetic field 
and small element. 

25. c. For any point outside the wire, enclosed current wi\l be 
same. 

26. b. f. = ° in both case. 
27. a_ The' magnetic lines of force due to current carrying 

straight solenoid are same as that of a bar magnet. 

28. b. Here. both the statements are correct but II does not 
explain. In general, Bio-Savart l~w and A,npcre's forces do 
not obey Newtons's third law. 

to· . 

Comprehension 
Type 

For Problems 1-2 

1. b. 2.c. 

Sol. 
e 24 

!= -= -=2A 
R. 12 

» ,- \. il')(, "1.'; 

0" ')/ '1 I' V 

Fig. 9.490 

Magnetic force = 1£8 sin!!.. 
2 

=2X5xIO-'lXB = ..!!... 
10 

2kx=mg+UB 

2k(xl +~) = mg+UB 

2kx] + 2hz = mg + UB 

mx . 
-~=UB x, 

For Problems 3-5 

3. b., 4. a., 5. c. 

IOxIO-3 xIOX°.3 =..!!... 
0.5 10 

B=600xIO- 3 =O.6T 

Sol. The first particle will have a helical path and the second 
particle will move rectilinearly along the field. For the two 

particles to meet again and ag!in, vuT = v'T 
where v' is the speed of the second particle. 

rsin () 

Fig. 9.491 

v' = VII == vcosO 

.!.mv2 = qV ""* v=)2
q

V 
2 m 

v,=)2
q

V cosO 
m 

2~m 
T = -

q8 / 
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Distance travelled = pitch 

. J2QV 2mn Dlstance= --cosBx--
m qB 

. ~2vm 27r Dlstance= ----cose 
q B 

For Problems 6-7 
6. c., 7.8. 

Sol. 

For the first case: F = qv x B 

==> -S.fixlO-3k 

, 10'(", "J (" " "J = 1(1 x ..fi i + j x B;ri +Byj+B~k 

= C~)[B,i-B,J+(B, -B,)kJ 
==> Bt =O,By - Bx =-1O-3T 

Similarly, for the second case: 

F2 J = (IO-~)(106 k) x [(B,J + By] + BJ)] 
F2 J = 10 (B,J-Byi) 

F2 = 108x , 8,= 0 

Using (i) and (ij), we get Bx = 10-3 T 

Thus, iJ = (10-3 T) t 
Also, F2 = lOBx = 10-2 N. 

For Problems 8-10 

8. a., 9. b., to.h. 

(i) 

(ii) 

Sol. PC and CQ are in Parallel. So, equivalent resistance of the 
circuit is RI2. In static condition, current through the pattery is 
1=2VIR. 

T, mg 

Fig. 9.492 

T, 

The current through CP and CQ is i = 1/2 = VIR 

Hence, 
F J = F2 =Bir 

Consider the FBD of ring and the blocks 
FBDofring: 

Consider torque about 'C', 

T"r+ ~r/2 + F2rl2 = T2, 

FBD of blocks: T[ =mg and T2 = 2mg 

So, mgr+Bir2 /2+Bir2 /2=2mgr 

0) 

... ~. . 

Magnetics 9.139 

. mg V mg 
Of I= - Of - =-

Br R Br 

or V=mgR 
. B, 

Net torque of tension 

BVr2 
=(T2 - TJ)r=mgr= - 

R 
For Problems 11-12 
11. a., 12. b. 

/ 

Sol. Magnetic field produced by the conductor along z-axis will 
be parallel to MN. Hence, force on MNis zero. 
Current from B to A/through NM or QP): 

V 2V 
/=-= -

RI2 R 
Force due to 10 on N' Nand Q' Q will be out of the paper and 
on M'M and P' P will be in the paper. This will produce the 
torque on loop along -ve x-axis. 
Torque on M'M (along-vex-axis): 

T= fb(/1
0/0 

Idr) rsin('!.) = /1o fo feb-a) 
2ar 6 4a 

" 
= /10 /0 2V (b-a) 

4R" 

Totallorque =4T=2/lo/oV (b-a) (along negative x-axis.) 
"R 

For Problems 13-14 

13. a., b., 14. b. 

Sol. As the magnetic field is along Ihex-axis, the magnetic force 
will be along (-) z-axis at t = O. So, the particle will move in 
helical path along (I). At t = To, the direction of field 
changes, so force becomes along + z-direction, and now the 
particle will move in helical path along (2). It will be moving 
along x-axis, so that resulting path will be helical. 

T-
At t = ;, particle will be at E

1
• 

y 

v, v"":lL ,. ;,~::t----ff)"----i E, 
E, 

Vo cos 00 

Fig. 9.493 

x-coordinate = Po (half of pitch) 
2 

y-coordinate = 0 (from Fig. 9.438) 

and z-coordinate = - 2Ro (from Fig. 9.438) 
Hence, (a) is correct. 

Similarly at t = 3; particle will be atE
2
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9'.140 Physics for JIT·JEE: Electricity and Magnetism 

:. The coordinates are e:o ,0, 2~ ) 
Hence, (b) is correct. 

From Fig. 9.437, we can see that distance between two 
extremes; E\ and E2 is 4Ro· 

For Problems IS -16 

15. b. t 16. d. 

Sol. sin 30° = UR 

L= mVo =50xlO-3xlOO=~m =1Ocm 
2qB 2xlx25 10 

v. 
, - (f<'---

-- _Q~ - ----------
30· B / -- - ---------.----;:.:;J'--- -. A',W L:60:, C -- :,' R 

"" '-'-, :/ 
/'.., 

Lm .. - "" 

Fig. 9.494 

L= AB + BC + cos 60°+ rcos60° = r 
m, 

L= -=20cm 
eB 

For Problems 17 -19 

17. d., IS. d., 19. b. 
Sol. As particle is perfonning a circular motion of decreasing 

radius (Le., spiral path) in a magnetic field, so the speed 

of particle is continuously decreasing (from r = ;;). If 

the speed of particle is decreasing, it means some retarding 
tangential force is acting on the particle in addition to the 
centripetal force provided by the magnetic field. 

, _ _ _ mdv 
So, the net force, Fnet = q (v x B) +--

dt 
As, v is co~tinuously decreasing, we can say I Fne>. I is also 

d
. . mdii . . . 

ecreasmg, assummg -- IS not mcreasmg. 
dt 

Angular velocity of the particle remains constant as it is 

. b qB gIven y lV= - . 
m 

As I (moment of inertia) is decreasing, IlV = (angular 
momentum) also decreases. 
As with time, KE decreases and hence mechanical energy 
decreases. 

For Problems 20 - 22 
20. c., 21. a., 22. a. 

Sol. Inside the cylinder: B21rr = 110 ~m2 
ffR 

"._-.. 
,'" '. 

" " \" .: 
/'-;" R \ 

t, \ ,,J----'(' "~I ',/6/ j , , ' 
\, ' 

-"'j~ _. _ .. ' ,," 
Fig. 9.495 

or B= Pol r2 
21rR2 

Outside the cylinder: B21rr = 1101 

(i) 

•. B= Pol (ii) 2,,, 
Inside the cylinder, B 0<: r and outside B O<:..!... , 
So, with surface, nature of magnetic field changes. Hence, it 
is clear from the graph that wire 'e' has greatest radius. 
Magnitude of magnetic field is max:imum at the surface of 
wire 'a'. 

Inside the wire 

B(r)= PO!....r ;:::;. 
21r R2 

Le., Slope <X ~ <X current density 
trR 

It can be seen that slope of curve for wire a is greater than 
wirec. 

For Problems 23- 25 

23. b., 24. d., 25. a. 
Sol. Magnetic field at any point on Ampere's loop can be due to 

all currents passing through inside or outside the loop. But 
net contribution in the left hand side will come from inside 
current only. 
For r < a, current passing through within the cylinder 
of radius r is given by 

" , f JdA = f kr2 2nrdr =21rk f r3 dr 
o 0 0 

=knr4/2 

Now using Ampere's law: 

Bx2nr=po/=j1oklrr4/2 ;:::;. 

For r> a, l =klra4/2 

B = ~It"",k",,::a,-' 
4, 

For Problems 26 - 27 

26.b., 27.d. 

110k r3 
B=--

4 
(by putting r = a) 

Sol. At B, magnetic field will be zero due to CB and AB parts. 
y 

c 

A 

Fig. 9.496 

B
AO 

=: 110 i.[sinOO+sin450](-J) 
4ff a 
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Boc == 110 ~[sinOo+s in45°1(-f) == -110,; i 
4n a 41t''l/2a 

Net magnetic field at B 

- . - _ /10/ ~ A 

=B,.,o T Boc -------r,:;<j +k) 
41rv2a 

At 0, magnetic field due toAO and OCwill be zero. 

a 
DuetoBC:r = acos45°= J2 

BCB == fio ~[sin 45° +sin45°] (-f) = -Po I k 
4;r r 2lra 

Similarly, due to SA: 

Net magnetic field 

- - -11, 1(, ') == BCB+BsA = -- J+k 
2Ka 

~or Problems 28 -29 

!S. c., 29. d. 
Sol. If II and 12 be the currents in circular and straight parts, 

respectively, and HI. 82 the magnetic fields due to them, then 

P O/ [ 2 flOl[ 
B[ == - -x-= - -

2R 3 3R 

8 2 == P012 [2sin60o] == .J3J101z 
4Jl"[Rcos60"] 2trR 

For the total fi eld at '0' to be zero, 

I 

R 

24000 --._ --- ----- -

Fig. 9.497 

_I1,_/[ = ..:F30'311""I:.<, 
3R 2nR 

I, 3F3 
=> - =-

12 Ztr 

Required ratio = (i)i 
12 [2 

£1 = ZR sin 60" = .J3 R, 

f2=R (4K )=iJrR => !J... =3J3 
33 lz4tr 

=> Roq";red mlio = (3F3)x(3F3) = 3-!! 
2n 4Jl" 2v2n 

Magnetics 9.141 

For Problems 30-31 

30. a., 31. c. 
Sol. The particle enters into the magnetic field perpendicular to. 

it. It will start moving into a circular path. Let the initial 
radius of the path is R. 
Free body diagram 

+'"' L, 
,N 

N 

mg 

qE 

Fig 9.498 

Hence, N = mg + qE 

mv2 

q8v = - -
R 

d, 
-m - = pN 

dt 

mv 
From(ii), R= 

q8 
From (i) and (ii), 

d, 
- m - = p(mg + qE) 

dt 

°d ' 
- m J~ = p(mg+qE)Jdt 

v. dt 0 

hOh' mvo w IC gives t = 
p(mg +qE) 

From (iv), dR= ..!!!....dv = _ p(mg +qE)dt 
q8 q8 

fdR = p(mg+ qE), 
, q8 

p(mg +qE) p(mg + qE) 
-R = 1;( = t 

q8 ~ q8 

d, 
From (v), - mv df. = p(mg + qE) 

, t 

- m fvdv=p(mg +qE)Jd f. 

'. ' 
m,' 
_0 =p(mg+qE)e 

2 

For Problems32-33 

32. c., 33. a. 

, 
e = mvo 

2p(mg +qE) 

Solo F= q(,xli) 
For the first case: 

- (sJ2 x 10-3 N) k = (10-5 C) 

(0 

(ii) 

(iii) 

? (iv) 
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9.142 Physics for IIT-J EE: Electricity and Magnetism 

(
10' ' )(' ' ) (' , ') fi,ms- i+j X B)+Byj+B,k 

= ( ;,)[ B,i -B,] + (B, - B,)kJ 

~ Bz = O,By -Bx = - 103T 

For the second case: 

Fy) =(lO-5C)(106ms-1)(k)x [(B)'+ByJ+B,k)] 

~ Fy = IOBx,By=O 

~ Using(i),wegetBx =IO-31' 

Thus. B = (l0-3T) I 
Also, Fy= IOBx = 1O-2 N 

For Problems 34-36 

34. a., 35. b., 36. c. 

Sol. E= E) 
vo= 2v cos 60°1 +2vsin60oJ 

= vi + vfi) 

-t qE ~ 
a =--} 

m 

y 

-;;!--_ __ x 
o 

Fig. 9.499 

R(t)=vti +(v.J3t-~ q: t2 )J 
.J3mv2 fjmv 

vt= - - ~ t= - -

...{jmv 
Fort:s; --, 

qE 

qE qE 

x(t) = vtand vP) = v.J3- qE t 
m 

R , 
R (i - cosO) -x' _ _ -''''--i-<'C_ -, ---------, , , , 

~ 
R sin 11} 

Fig. 9.500 

(I) 

' ,= (t -.J3
m') , 2E 

v.J3 = qE x .J3mv = 0 
m qE 

.J3mv . , fi 1d ' 1 For t> - - , magnetic Ie IS a so present 
qE 

The particle will start moving on helical path, The cross 
section of the helix will be in x-z plane. 

B 

.J3mv 
Fort ~--, 

qE 

B B 

, 

Fig. 9.501 

x(t) = ...{jmv
2 

+Rsin(qB t) 
qE m 

3v2m 1 qE 2 
y(t) = - ----t 

2qE 2 m 

Z(t)=-+cos(~t)l 
For Problems 37-40 

37. b., 38. b., 39. a., 40. b., 

, 

Sol. When the particle enters electric field, it has moved 
horizontally a distance. 

mvo 1 
GP=rcos45° = -x-

qB J2 
A ~ __ ,Yo 

G ~- - - --~~~~'.>P- - ----~ Vo . Von , , ' , ' , 
1 '-' , , ;', , "\ 

: ,'- t " , v. i / VrJl2 \ 
i::~~~ __ ____ _____ J 

c 
Fig. 9.502 

Length of electric field is = /- r sin 45_° 
Vertical distance left 

= d- ;;B(I-~) 
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£-d = m,o (,/2 _ l)+~(qE){,/2£ _~}2 
q82mvoQB 

l-d=20/5=4m. 

For Problems 41-43 

41. c., 42. a., 43. d. 

Sol. a. If the magnetic field at point P is zero, then from the 
figure, the current must be out of the page, in order to 
cancel the field from I

J
• Also: 

B[ = 8
2 

=> /10
1[ = /1012 

2nfj 2nr2 

/2= '1 r2 =(6.00 A) (0.500 m) =2.00 A 
Ii. (150m) 

b. The field at Q points to the right and has magnitude 

SQ = J10(!J..._/2)= fJ.o( 6.00 A _2.00A) 
21t" lj r2 2/1" a.SOOrn I.SOm 

=2.13xlO-<iT 

c. The magnitude ofthefieid atSis given by the sum of the 
squares of the two fields bec~use they are at right angles. 
So, 

= flo (6.00A)'.(~) '= 2.IXiO-6T 
2/1' 0.60 m 0.80 m 

For Problems 44-46 

44. d., 45. a., 46. a. 

Sol.a. I. 

B, 

8 
-+----,;--'---:;3>f--- -- Bnet 

B_ 

I 

Fig. 9.503 

h At a position on the x-axis: 

2 Pol . B --F",¥0~J=c'. 7",;;a=cc --sm = 
27rr ItJx2 +a2 .Jx2 +a2 

Magnetics 9.143 

Bnet = ( ) 1r x 2 +a2 

c. In the positive x-direction, as shown at left. 

1.20 --- . ---~-- -- ----, -- ____ --c--. ____ ~- -- _____ , _____ . __ , __ 
, , , , , , 

1.00 ----- --1--------;- ----- : ------1-- ------:-------+-, , , , , , 
0.80 -------"1--------;--- ----~--- --"l---- --- - t----- .- -~- -
0.60 -------~-------_t ------f------ ~-- ---- --t --- - - - --f- -, , " DAD ------+ _____ ! ___ ___ _ + .. ____ + ____ + __ __ __ +_ 

'--- --- -~---_____ l __ . __ __ J ____ __ _ ' ___ ____ l __ 

0.20 C:::::;;:---J';:;:----~';:--;J'::__:f::::::;::'t;---0.00 ~ 
- 3.00 - 2.00 - 1.00 0.00 1.00 2.00 3.00 

Scaled B 

Fig. 9.504 

d. The magnetic field is a maximum at origin, x = O. 

!'oJa e. When x» a, B "" -2-

= 
For Problems 47-49 

47. c., 48. b., 49.d. 
Sol.a. 

, 

- t-- --"'--'-- .:;'!r<:-- - One! , 
8, 

L 

Fig. 9.505 

b. At a position on the x-axis: 

2 Pol case 
21<, 

= _i""o",J~, 7"';x~ 
n.Jx2 +a2 .Jx2 +a 2 

Polx 
Bne1 = ( ) 

1t x2 +a2 

c. In the negative y-direction, as shown at left, 

0.60 

0.40 

0.20 

Scaled B 0.00 

-·--, ---,----'-- --r---'--__ ~--- .. ----
I I I I I I 
I I " I I 
I , . I " • -- --,. ---,----,.- ---,...- -"t-- . ___ ~ ___ _ 

., , I I I , , 

-- -,. , , , ---,. , , I , I I I 

- -- -~- - -..:-- - -~----:.. - - ~--- -~ -- -~ - -,~--------' 
" ' " I , " I I I I I 
, " I I I I 

- -- -.- --~-- --.-- - - .. --.---- ~---., - --- --- .... , , ' " , 
, " " I , , , , , , " I 

-0.20 r--<-~-~--~ - ---;-- -- ~-- -, .... -- -1 ----~---1 - --- ___ -;. , , , , " , , , , , , " , 
- 0040 --- - ~- -- --- t- --,'--- - 1----~---_:-- -- -- -t , , . , " , 

, "' " -0.60 ',;;:--'----;;':;:;-'-~~--:c=_-'--.,_:;:__~;C;;:-
-5.00 - 3.00 - 1.00 1.00 3.00 5.00 

.l(a) 

Fig. 9.506 
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9.144 Physics for IIT-JEE: Electricity and Magnetism 

d The magnetic field is a maximum when: 

dB = O=_C_"_ 2Cx
2 

dx x
2

+a
2 

(x2+a2y 

(x2+a2)=2x2 => x=±a 

e_ When 1101 
x»a,B", - , 

. nx 

which is just like a wire cllrrying current 2/. 

For Problems 50-52 

50. b., 51. c., 52. b. 

Sol. 

21fm 
T=

qB 
--" independent of velocity. At F 1.B , hence 

(xi+2]) (2i+4)=0 

2x +8 =0 

For Problems 53-54 

53. a., 54.d. 
Sol. Proceeding similar to example, we can see that the 

particle's acceleration is in y-direction, " 

dv. qE 
- ' = - == constant 
dt m · 

The motion of the particle is equivalent to circular motion 
in xz plane with uniform acceleration in y-direction. 

Hence, v~ = v; + v; = constant 

The magnetic force cannot change the magnitude of Yo· 
The y-component of velocity, 

. qE 
v).= -/ 

m 

The y-coordinate at time t, y = ~ qE t2 

2 m. 
The time period of circular motion in xz plane. 

T= 27t1n 
Bq 

Let the particle cross y-axis after n rotations, then 

21fmn 
t = nT= - -

qB 

Thus, y,,= qE x(27t1Iln)2 = 2;r2mn
2
E 

2m qB qB2 

b. As v = a t(qE)(27rmll ) = 2;rnE 
Y J m qB B 

Thus, tan a = Vo = vaB 

v)' 2;rnE 

a=tan-l( "OB) 
2",£ 

For Problems 55-56 

55. a., 56. a. 

Sol. a. FI = /IIg 

.. 

When bar is just ready to levitate, 

leB = III I = mg = (0.750 kg)(9.80m/s
2

) = 32.67 A 
g. IB (0.500 m)(0.450 T) 

e = JR = (32.67 A)(25.0 0:) = 817 V 

h R = 2.0 Q. I = 0/ R = (816.7 V)/(2.0 Q) = 408 A 

FI =ltB =92N 

a = {F/ -mg)/a=113ms-2 

For Problems 57-58 

57. a., 58.b. 
Sol. a. The magnetic force on the bar must be upward, so the 

current through it must be to the right. Therefore, a must 
be the positive terminal. 

h For balance, I £B sin e = mg 

IfBsinB 
m= => Fmagn=mg 

g 

1= £/R=175V/5.000: = 35.0A 

m= (35.0A)(O.600 m{I.50T) =3 .21 kg 

9.80 mls ' 

For Problems 59-60 

59. a., 60. d. 

Sol. a. F = ILB, to the right. 
, 2 

h v2=2ad=>d =~=~ 
2a 21LB 

For Problems 61-62 

61.d., 62.a. 
Sol. a. By examining a small picce of the wire (Fig. 9.452), we find 

FB = ILB = 2T sin (012) 

ILB"" 2TO = 2TLlR =>I-=R 
2 2 I B 

h For a particle: 

mv2 mv mvlB Tq 
qvB= -- =>B= -= --=>v = -

R Rq Tq ml 
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For Problems 63-64 

63. a., 64. a. 

e 

8/2 

T 

R 

\ 
" \ 

Fig. 9.507 

, 

" \, 
i' 

T .2 

Sol. a. 8yexaminingasmallpieceofthcwire(Fig. 9.508). we find: 

dF, 

, 
~xis - - --- . -------_. _-- .-- -----

Fig. 9.508 

Divide the rod into infinitesimal sections of length d/: 
The magnetic force on this section is dF) = IB dr 
and is perpendicular to the ,rod. The torque cit due to force 
on this section is dT= rd FJ = IBr dr 
The total torque is 

f elr = I B J~/' dl' = t 1128 =0.0442 Nm'l, 

clockwise. This is the same torque calculated from a force 
diagram in which the total magnetic force FI = [LB acts at 
the center of the rod. 

h. F[ produces a clockwise torque, so the spring force must 
produce a counterclockwise torque. The spring force must 
be to the left, the spring is stretched. 
Find x, the amount the spring is stretched: 
axis at hinge, counterclockwise torque~ positive 

(kx)f. sin 53° -1 fe2 B = 0 

1 fB (6.50 A)(0.200 m)(0.340 T) 
x= = 

2k sin 53.0° 2(4.80 Nm - I ) sin 53.0° 
.:: 0,05765m 

t ho 1h2 = 7.98 X 10-3 J 

For Problems 65-66 

65, b., 66. a. 
Sol. a. Note that the Earth's magnetic field exerts no force on wire 

B,since the current in wireB is parallel to the Earth's magnetic 
field. Thus, rorequilibrium, the remainiog two forces that llct 
on wire B must cancel. Assun~ing that the length or wire /J is 
L and that wire A can-ies a current, we obtllin 

JI[)l(I.OA)L PlI(I.OA)(3.0A)L 
~~=~+ =0 
21t(o.050 Ill) 2Jr(O.IOO m) 

Magnetics 9.145 

. 1=(3.0A).O.050m=I.SA 
So, O.loom 

b. Note that the force on wire 8 that is generated by wire C 
is to the right. ThUS, if the current in wire C is increased, 
wire B will slide to the right. 

For Problems 67-69 

'61. a., 68. b., 69. h. 

Sol. a. The net force on a current carrying loop of any arbitrary 
shape in a uniform magnetic field is zero. 

Fnc! = 0 

b. The given loop can be considered to be a superposition 
of three loops as shown in Fig. 9.509. The area vector of 
the three loops (I), (2) and (3) are 

A; ,// /"----------
Fig. 9,509 

AI = (~X10XIOXI0-4)J m 2 

A2= GXIOXIOXIO-4}~ m2 

A]= (IO X IOXIO-4)im2 

Mllgnetic moment vector, 
_ _ • • A, 
p= iA = IO(O.Oli +O.OO5j +O.005k)Am-

• • • 2 
= {D. Ii +O.OSj +O.05k)Am 

c. Torque. 

T= (0. Ii +0.05J + a.05k) x (2i -3J +k) 
, 

= 0,] 

2 

Matching Column 
Type 

j k 
0.05 0.05 = -0.1 r -OAk Nm 

-3 

1. i. ~ b., d., ii. ~ a., d., iii. ~ c., iv. ~ c. 
i. If loop is moved away, then flux through loop decreases 

in -ye z-dircction. To increase this decreasing flux, current 
induced should be in clockwise direction. 
Now, induced current in AS will be parallel to I, so thai 
there will be net attraction between wire lind loop. 
Hence i. ~ b,. d. 
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11.146 Physics for IIT-JEE: Electricity and Magnetism 

ii. Explain in the similar way as in (i). 
In cases (iii) and (iv), just after the rotation is started, 
velocity of each element of the loop will be parallel or 
antiparallel to the magnetic field produced by I. Hence, 
no e.m.£. is induced. 
So iii. --t c., iv. --7 C. 

2. i. --7 d., ii. --7 a., iii. --7 b., iv. --7 c. 

We know that r = mv/qB. So, larger the mass, larger is the 
radius. Since radius of path' l' is largest, so path' I' should 
correspond to ion B. 
Hence, ii. --7 a. 
Now path '2' should correspond to ion C, because charge on 
both Band Cis - ve, so their paths should be on the same side. 
Hence, iii. --7 h. 
Now, radii of paths '2' and '4' are same. If path '2' 
corresponds to C, then path '4' should correspond to ion A, 
because masses of A and C are same. 
Hence, i. --7 d. 
Now, remaining path '3' should correspond to D. 
Hence, iv. - c. 

~L~.~~~~.~~~a~~~~.~~& 

The magnetic field is along negative y-direction in cases a, 
(b) and (c). In case (d) there will be component of magnetic 
field along -ve x-axis. 
Hence, i. --t a., b., c. 
z-component of magnetic field is zero in all cases. 
Hence, ii. --+ a., b., c.,d. 

The magnetic field at P is Po !.. in case (c) only. 
4" d 

Hence iii. --+ c. 

The magnetic field at P is less than PO !.. for all cases. 
2"d 

Hence, iv. --+ a.,b.,c.,d. 

4.i.--+c.,d., ii.--+c.,d., iii.--+b.,c., iv.--+a.,c. 

i. Because the magnetic field is parallel to x-axis, the force 
on wire parallel to x-axis is zero. The force on each wire 

parallel to y-axis is 80 ~ f. Hence, net force on the loop 

is Boil. Since force on each wire parallel to y-axis passes 
-through center of the loop net torque about center of the 
loop is zero. 
Similar is the situation in case (ii) 
Hence, i. --+ c.,d., ii. --+ c.,d. 

iii. Since direction of current from entry point in the loop to 
exit point in the loop is along the diagonal of the loop, . 
the direction of external uniform magnetic field is also 
along the same diagonal. Hence, net force on the loop is 
zero. Since force on each wire on the loop passes through 
center of the loop, net torque about center of the loop is zero. 

iv. The direction of current from entry point in the loop to 
exit point in the loop is along the diagonal (of length 
2£) of the loop. The direction of external uniform 
magnetic field is also perpendicular to the same diagonal. 

Hence, magnitude of net force on the loop is Boi (.fie). 

Since force on each wire on the loop passes through 
center of the loop, net torque about center of the loop is 
rem. 

5. i.--+a.,c., ii.--+a.,b., iii --7 d., iv.--7a. 

i. Since E = 0 and B:;:t 0, so path will be straight line if 

velocity is parallel to B.Orpath will be circular if V .1 B. 
Or path will be helical (with uniform pitch) if V is at some 

other angle to B. 

Hence, i. --+ a.,c. 

ii. Since E:;:t ° and B ;I:. 0, so path will be straight line if 

V .1 B or parabola otherwise. 

Hence, ii. --+ a.,b. 

iii. E:;:tO, B;l:.O, EIIB 

_8 

Fig. 9.510 

Helical path with non-unifonn pitch 

Hence, iii. --+ d. 

iv. Straight line path if V x B =: E 

}--_E 

Fig. 9.511 

Hence, iv. --+ a. 
6.i.--+b., ii.--+a.,c., iii.--7a.,c., iv.--+a.,d. 

;. 

F y 

}---x 
, 

8 

I --/---~Pm 
Net force 

F 

Fig. 9.512 

ii. Force on left side is along z-axis and on right side is along 
-z-axis. But former is greater because of higher magnetic 
field on left side. Hence, net force is along z-direction or 
along Pili' 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



~ 
~ft side : Right side 

Fig. 9.513 

iii. Now net force is reversed, but Pm is also reversed. 
iv, , 

Pm 

B 

Fig. 9.514 

Force on left side is more than on right side. And net force 
will be atongy-axis or along Pm' 

7. i.--td., ii.--ta.,b.,c., iii.--tb.,c., iv.--ta.,b.,c. 

D 

c 
" 

.......... ,' ___ ~'ifl:',> P 
'PI 1·' 

" 
I B 

" ", 

I<--->~ 
A 
t----2r~ 

Fig. 9.515 

, 

L. 

AtP, magnetic field due toAB and CD will be zero. 

Bee '" Po ~(sin¢\ +sin¢2)(-k) 
4H 

- p,f, .), 
BDA == - - (sm?] +sm¢2 (-k ) 

4H 

Net field at P; 

- - - 2POf( )' B =: BBC +BDA =--~ sin¢! +sin~ k 
4;r 3r 

Hence, we can find the answers given. 
S. i,--+ a., b., d., ii. --t a., b.,c.,d., iii. --t a., b.,c.,d., iv. --7 h. 

i. Velocity of the particle may be constant, ifforces of electric 
and magnetic fields balance each other. Then, path of 
particle will be straight line. Also, path of particle may be 
helical if magnetic and electric fields are in same direction. 
But path of particle cannot be circular. Path can be circular 
if only magnetic field is present, or if some other force is 
present which can cancel the effect of electric field. 

ii. Here, all the possibilities are possible depending upon 
the combinations of the three fields. 

iii. This situation is similar to part (i). 

Magnetics 9.141 

iv. In a unifonn electric field. path can be only straight line or 
parabolic. 

9.i.~b.,d., ii.~a.,c., iii.~a.,c, iv.--7b.,d. 
I. If current is increased, flux in the loop will increase in 

inside direction, then due to Lenz's law induced emf in 
the loop will be in anticlockwise direction. Due to this 
current, the current in the nearer side of loop to the wire 
will be in opposite direction to that of wire. Hence, there 
will be repulsion. 

ii. This situation is opposite to part (i). 
iii. If loop is moved away, then flux decreases and this 

becomes similar to part (ii). 
iv. Similar to part (i) 

10. i. --7 b.,c., ii. ~ b., d., iii. ~ a., iv. --7 C. 

i. M =NIA = tOO x 5 X 10(0.1)2 = 510Am 
As the current inxy plane is along anticlockwisedirection, 
so moment will be along z-axis by right hand thumb rule. 

10 =51Ok 

ii. 1- = MX 'jj =51Okx(-1 + k)= - 51O} 
iii. Net force on a closed current carrying loop in a uniform 

magnetic field is zero. 
iv. Magnetic field atcenterofloopdue to current in loop will 

be along +ve z-axis from right hand thumb rule, 

11. i. ~ b., d., ii. ~ a., iii. ~ a., iv. ~ c. 

i.B =Bo},M =-i a2 k 

T = 10 x jj =Ha2 k)xBoJ =ia2 Bol 
Torque is maximum as 10 and jj are perpendicular. 

ii. Net force on a closed current carrying loop in a unifonn 
magnetic field is zero. 

iii. U= - M·jj = 0 becaus,e 10 .L jj. 
iv. Magnetic moment of loop is along -ve z-axis from right 

hand thumb rule. 

12. i. ~ a.,c.,d., ii. --i a.,c.,d., iii. --i a., b., iv. --7 a.,b 

i. Kinetic energy of the particle can remain constant, if 
both the fields are present. This is possible if the force 
due to both fields cancel each other. 
Kinetic energy of the particle can also remain constant if 
only magnetic field is present, because magnetic field 
does not do any work. 
Obviously K.E. will remain constant if no field is present. 

ii. This is possible if either both the fields are present or no 
field is present. This is also possible if only magnetic 
field is present and the particle is at rest. 

iii. This is possible if electric field is present, magnetic field 
mayor may not be present. 

iv. This is possible if only electric field is present and 
velocity and electric field are along the parallel lines. 
Magnetic field may also be present if it is parallel to 
velocity. 

13. i. ~ b., d., ii.--7 a.,d., iii. ~ b.,d.,iv. --i c.,d 

Work done by magnetic force on a charge = 0 in any part of 
its motion. 
'S' is matching for all parts (i), (ji), (jii),(iv). 
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9.148 Physics for IlT-JEE: Electricity and Magnetism 

For loop 1: L/in =-i+i-i=-i 

Forloop2: LI;n =i-i+i=i 

Forloop3: Llin =-i-i+i=-i 

For loop 4: LJin =+i+i-i=+i 

(Note that current will be taken as positive which produces 

lines of magnetic field in the same sense in which d f is 

taken.) 

Archives 

Fill ill the Blank Type 

1. According to Fleming's left hand rule, the force on electrons 
will be toward right (D). 

2, 

Also, by the same rule we find that the force on proton and 
a-particle is toward left. 
Now, since the magnetic force will behave as ccntripetal force 

mv' 
=qvB , 

mv' =, 
qB 

"' 
, 

For proton r ox - = I 
1 

For a-particle r"" .± =2 
2 

Radius will be greater for a-particle 
a -particle will take path B. 

Fig. 9.516 

Wire of Icngth L is bent in thc form of a circle. Then, the 
perimeter of the circle 

3, 

2nr=L 
L 

~ r=
z" 

Fig. 9.517 

Area of the circle 

nL2 L2 
r72 = - = -

4n2 4n 

Magnetic moment of a loop in which i CUiTent flows is given by 

0" i = 9. = ne = _, _ x 1.6 X 10-19 

I I , 

= 1.6x 10-3 A 
M =ixA 

= ix nr2= 1.6 x 10-3 x 3.14 xO.5 x 1O- lo xO.5 x 10-10 

= 1.25x 10-3 Am2 

/".~' ......... .. 

" .. ' ... , ....... .... 

Fig. 9.518 

4. The effect of current in PQ and RS for producing magnetic 
field at center is zero. 
Magnetic field due 10 current in semicircular arc QAR= 

~[.uo ~l directed toward IheTead~r perpendicular to the 
2 2 Rt 

plane of paper. 

~ SR· Q P 

Fig. 9.519 

Magnetic fie ld due to current in semicircular arc SBP = 

~[ ,uo J...] directed away from the reader perpendicular to 
2 2 R2 

the plane of paper. 

Net magnetic field 

= ~[ ~) ~J -~[~) ~J 
(directed towards the reader perpendicular to planc 
of paper). 
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~ /k,I[~-~l 
4 R] ·' R2' 

5. Weusethefonnula Ii' ::=I(7xB) ~F=:.ILBsinB 
For sides FE and EA, the angle will be 180" and 0°, 
respectively. 
.. F- 0 
For sides DE and CB, the forces will be ILB but opposite in 
directions, in + Yand -Y directions, respectively. 

~'~'E F 

,y 
B . A 

'X 
Fig. 9.520 

The net force due to these two sides will be zero. 
The force due to current inside DC will be ILB sin 90° = lLB 
in +Z direction (according to Fleming's Left hand rule). 

6. F =q(VXB) ~ qvBsinB=F 

~ F=evBsin90o=evB 

The dire.:tion of this force is in + Z-direction (by Fleming's 
left hand rule). Since electrons move toward the sideABDC, 
therefore this side has low potential. 

7. The positively charged particle enters the unifonn magnetic 
field at right angle. Therefore, the force acting on the charged 
particle in the magnetic field acts as centripetal force. 

mv' 
-- =qvB , 

"* mv=qrB 

But 

m2v 2 = q2r2B2 
p2 =q2r2B2 , 

K.E.= L 
2m 

(K.E.)2m =q21'2B2 

5.3 
(K.E.)" 

, 'B' qa' 

4 4 
x- =-x--'...,~ 

2 1 2.3x2.3 

"* (K.E.)" =14.0l85eV 

True or False 

I. True 
Let us consider a rectangular loop PQRS (lxb) having 
current I in an!i.clockwise direction placed in a unifonn 
magnetic ficld B. The unifonn magnetic field is directcd 
from )eft to right. 
Forr.e on section PS according to Fleming's left hand rule will 
be in downward direction and equal to liB sinO. 

Magnetics 9.149 

I 

R 

I S 
, D 

Fig. 9.521 

iI 

Force on section RQ will be in upward direction and equal to 
/JB sinO. These two force will cancel out. Similarly, the forces 
on lengths RS and QP will be equal and opposite and cancel 
out in pairs. The net force is zero. 

2. True. The magnetic force acts in a direction perpendicular to 
the 'direction of velocity and hence it cannot change the 
speed of the charged particle. Therefore, the kinetic energy 

( = ~ ~V2 ) does not change. 

3. False. The velocity component ~ will be responsible in 
moving the charged particle in a circle. 

" D 

V'~o~r(Y: 
. . 

Fig. 9.522 

The velocity component vJ will be responsibl'e in moving the 
charged particle in horizontal direction. Therefore, the 
'charged particle will travel in a helical path. 

4. False. When a charged particle passes through a unifonn 
magnetic field perpendicular to the direction of motion, a 
force acts on the particle perpendicular to the velocity. This 
force acts as a centripetal force. 

mv' 
-- =qvB , 

mv mv p 
,~ --~ - ~ -

qvB qB qB 

p' 
K.E. =-

2m 

p = .j2mK.E. 

,j2mK.E. 
From (i) and (ii), r= 

qB .--

rm . 
,~- [forconstantK.E.andB] 

q 

Here, q is same for electron and proton 
.. Radius of proton will be marc. 
False. 

(i) 

(ii) 
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g.150 Physics for IIT-JEE: Electricity and Magnetism 

Single Correct Answer Type 

1. a. In a non-unifonn magnetic field, the needle will experience 
both a force and a torque. 

2. c. The magnetic field is perpendicular to the plane of the 
paper. Let us consider two diametrically opposite elements. 
By Fleming's left hand rule on elementAB, the direction of 
force will be leftward and the magnitude will be 

dF =Idl B sin 90° = IdLB 

x x x x x 

.Fig.9.523 

x x 

x 
dF 

X 

X 

On element CD, the direction of force will be toward right on 
the plane of the paper and the magnitude will be dF 
=ldIB. 
These two forces will cancel out. 
Similarly, all forces acting on the diametrically opposite 
elements will cancel out in pair. The net force on the loop will 
be zero. 

3. c. is the correct option. Part AB of the rectangular loop will 
get attracted to the long straight ' wire as the currents are 
parallel and in the same direction whereas part CD will be 

repelled. But since this force F "" !, where r is the distance , 
between the wires. ." . , 
Therefore, there will be a net attractive force on the rectangle 
loop. 

Fig. 9.524 

4. b. Force per unit length between two wires carrying currents 
i l and i2 at distance f is given by 

Here, 

F := 110 il i2 

e 27r r 

i l = ;2=i and r = b 

F: = 110;2 
e 27rb 

5. c.R= ~2qVm 0' Rex: rm 
Bq 

li = )mx 0' mx = ( li J 
R2 . m, my R2 

6. b. Using Ampere's circuital law over a circular loop of any 
radius less than the radius of the pipe, we can see that net 
current inside the loop is zero. Hence, magnetic field at every 
point inside the loop will be zero. 

7. d. Magnetic field at the center due to current in arc ABC is 

11 27r/1 8 . BI = -2. ____ (directed upwards) 
47r f 27r 

D 

2:n: - 8 

c 
B 

I 

E 

Fig. 9.525 

Magnetic field at the center due to current in arc ADC is 

11 27r / 27r8 . 
B

2
= J __ ' _- (directed downward) 

47r r 27r 

Therefore, net magnetic field at the center 

B = J10 27rII .!!.... _ 110 27rI2 (27r-8) 
47r r 27r 4ff r 2Jt 

Also, 
E E EQ 

II = RI = pIllA = prB 

And 
E E EA 

1----- -
2 - R2 - pl21A - pr(27r - B) 

8 = 110 [EA x~- EA x (21r-O)] = 0 
47r pre r pr(lff-,e) r 

Cd) is the correct option. 

8. a. The centripetal force is provided by the magnetic force 

But 

mv' 
, =qvB ::::> mv =qB , 

mv p ,=-= - [·,' p=mvJ 
qB q8 

K G=i... I .." ::::> p = "lmK.E. 
2m 

Here, K.E. and 8 are same for the three particles 

.Jm ,- --
q 

fa = rl'<r,j 

(a) is the correct option. 
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9. a. Current, i = (frequency) (charge) 

(
",) q'" = - (2q) = -
2" " 

R R • 
(q, m) (q. m) 

Fig. 9.526 

Magnetic moment, 

M= (l)(A) = (q:) (trR2) = (qwR2) 

Angular momentum, L = 2/w= 2(mR2)w 

M qwR 2 q 
2 :-

2(mR)w 2m 
- = 
L 

10. b. 
A motional e.m.f., e = Buis induced in the rod. Or we can say 
a potential difference is induced between the two ends of the 
rods AB, with A at higher potential and B at lower potential. 
Due to this potentilll difference, there is an electric field in the 
wd. 

11. d. Net magnetic field due to the wires will be downward as 

shown below Fig. 9.527. Since angle between v and B is 

180°, therefore magnetic forceP", = q (vx B) = 0 

J 

o 
J 

Fig. 9.527 

12.d. The magnetic lines of force created due to current will be in 
such a way that on x- y plane these lines will be 
perpendicular. Further, these lines will be in circular loops. 
The number of lines moving' downward in x-y plane will be 
same in number to that coming upward of the x-y plane. 
Therefore, the net flux will be zero. One such magnetic line is 
shown in Fig. 9.528. 

y 

Magnetic line 
~. offor<:c 

-++-+-x 
Current loop 

Fig. 9.528 

Cd) is the correct option. 

Magnetics 9.151 

13. a. F /:.' = qE (Force due to electric field) 

Po = evB sine: quB sinO = 0 (Force due to magnetic.field) 

---_E 

• • 
-----8 

Fig. 9.529 

Force due to electric field will make the charged particle 
released from rest to move in the straight line (that of electric 
field) . Since the force due to magnetic field is zero, therefore 
the charged particle will move in a straight line. 
.. (a) is tht correct option. 

14. c. 
The angular momentum L of the particle is given by L = mr2 OJ 

-4 where (t)::;: 2trn 

'" .. Frequency n = - , 
2" 

Furtheri=qxn = OJq 
2" 

Magnetic moment, M = iA = OJq X trr2;' 

. . 21l . 

OJqr2 

M=-- => 
2 

M = OJqr
2 

=..!L 
L 2mr1OJ 2m 

15. b. The wires are at A and B perpendicular to the plane of paper 
and current is toward the reader. Let us consider certain 
points. 

Point C: The magnetic field at C due to A (SCA) is in upward 
direction but magnetic field at C due to B is in downward 
direction. Net field is zero. 
Point E: Magnetic field du~ to~ is upwa(d and magnetic field 

due taB is downward but !SEII I < IE/:'ol 
.. Net magnetic field is in downward direction. 

PointD: ISDAI > ISDn! => Net field upward. 

Similarly. other points can be 'considered. 

BeA 

BGA 

B G 

SDB 
BCB 

Fig. 9.530 

16. c. Case I: Magnetic field at M due to PQ and QR is 

H = ~[/10I] +0 = pol 
I 2 2irR 4JlR 
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9.152 Physics for IIT-JEE: Electricity and Magnetism 

p 

t • M 
R . 

~JW 
I Q i 

: too< 
R 

Fig. 9.531 

Case 2: When wire Q is joined 

<0-

s 

H2 =' (Magnetic field atM due to PQ) + (Magnetic field at M 
due to QR) + (Magnetic fie ld at M due to QS) 

~ .!.[ 11,/l+o+.!.[I1"l/2l~ 311,1 
2 2/tR 2 2/tR 8/tR 

H, 2 
-~-

H, 3 

Note: " 
The magnetic field due to a 1njinitely longm ire carrying 
current at a disumce Rfrom the end poilJJ is half that at a 
distance Rfrom the ~~le point. , _ ,,_(,no ,_«0,,,,, ~_, 

17. b. Case of positively charged particle: Two forces are acting 
on the positively charged particle (i) force due to electric field 
in the positive x-direction, and (ii) force due to magnetic field. 

F= q(vxB) 

F=q[VixBk ] => F=qVB(ixk) 

F =qvB(- J) 

This force will move th-e positively charged particle toward Y
axis. 
Case of negatively clwu:ged particle: 
Two forces are acting dO the negatively charged particle 
(i) due to electric field in 'the negative X-direction, and 
(ii) due to magnetic field 

=> Ii ~_q(VXB) => Ii ~- q[v(-i)xB(k)1 

=> F =qvB[t~k] => F =qvB(-}) 

Same direction as that ofpvsitive charge, (b) is the correct 
answer. 

18. d. Ifwe take individoaUength for the purpose of calculating 
the magnetic field 'in'3 '3-dimensional figure, then it will be 
difficult. 
Here, a smart choice is to divide the loop into two loops, One 
loop is ADEFA in y-i planc and the other loop will be 
ABCDA in thex-y plane. 
We actually do not.li"ave.a·ny currcnt in the segment AD. By 
choosing the loops, we'tind that in onc loop we have to take 
current from A to D anri in the other one from D toA. Hence, 
these two cancel out th6 effect of each othcr as far as creating 
1l1o.gnetic field at the concerned point A is considered. 

, 

tl1;;: 
A B I 

Fig. 9.532 

The point (a, 0, a)~s in theX-Zplane. 
The magnetic fie ld due to current inABCDA will be in +vez
direction. Due to symmetry, the y-components and 
x-components will cancel out each other. 
Similarly, the magnetic fie ld due \0 current inADEFA will be 
in x-direction. 

_ I" A 

:. Theresultantmagneticfield~iHbe B = fiCi +k) 

Correct option is (d). 
19. b. When a charged particle is moving at right angle to the 

magnetic field, then a force acts on it which behaves as a 
centripetal force and moves the particle in circular path. 

• • • 
• • • 
• • • 
• • A 
• • • 
• • • 

rn",' --=qvAB 
2, 

rn v 
~=qB 

2, 

ff 
• • • • • • 
• • • • 
• • • • • • 

~ 
• • 
• • • B 

• • • • • • 
Fig. 9.533 

Similarly, for second particle moving with half radius as 
compared to the first one, we have 

20. a. 

mevs B ---q , 
meVe __ msve 2 => mAYA = milve 

2r . r 

mAYA >movo 

Correct option is (b).! 

Fig. 9.534 

Clearly, the flux linkage is maximum in case (a) due to the 
spatial arrangemcnt of the two loops. 
Correct option is (a). 
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21. c. Let us consider a thickness dx of wire. Let it be at a distance 
x from the centerO. 

Fig. 9.535 

Number of turns per unit length ::: ..!!....-. 
b-a 

Number of turns in thickn~ss dx = ..!!....-. dx 
b-a 

Small amount of magnetic field produced at 0 due to 
thickness dx of the wire 

dB= l1o~dx 
2 (b-a) x 

On integrating, we get 

B'- rl1o ~dx - /1o~' J'dx 
a 2 (b-a) x 2 (b - a) Q x, 

- 110 ~[IO xl' 
- 2 (b-a; ge a 

110 NI b 
=---Iog..-

2 (b-a) a 

Correct option is (c). 
22. h. Width of the magnetic field region (b - a) S; R; where 'R' is 

its radius of curvature inside magnetic field, 

mV 
"" R= - (b-a) / 

qB 

=> 
(b - a)qB 

vmin ::: "---"'=
m 

(b) is the correct option. 

23. a. Magnetic field I B I = ~; Unit vector perpen-
21l" x2 +l 

d
" I h .. . (yi - x)) 
ICU ar to t e positIOn vector IS ~. 

. 'l/ X2 +y2 . 

110 1 ~.., 
2 2 (YI - Xl) 

2;r(x + Y ) 
B= 

(a) is the correct option. 
24. d. is the correct option. Magnetic lines of force form closed 

loops. Inside magnet. these are directed from south to north 
pole. 

Magnetics 9.153 

y 

B 
· · ··~ x 

Fig. 9.536 

25. h. The velocity atP is in the x-direction (given). Let V =m t. 
After P, the positively charged particle gets deflected in the 
x-y plane toward -y-direction and the path is non-circular. 

Now, F = q(VxB) 

= q[mi x (ck + ai)] 

=q[mci x k +maix i] =mcq(- J) 

[for option (?)] 

Since in option (b) clectric field is also present, i.e., E = af, 
therefore it will also exert a force in the +x-direction. The net 
result of the two forces will be a non-circular path. 
Only option (b) fits for the above logic. For other options, we 
get some other results. 

26. b. Using Fleming's left hand rule, we find that a force is acting in 
the radically outward direction throughout the circumference of 
the conducting loop. 

27. a_ U = -M·B 

= - MBcos8 

In case I: (j::: 180°, U::: +MB 
In case II: (j= 1800

, U = 0 
In case III: (jis acute, U = +ve (less than +MB) 
In case IV: (jis obtuse, U = -ve 
.. 1>III>II>IV 

28_ b_ The force acting on the electron will be perpendicular to 
the direction of velocity till the electron remains is the 
magnetic field. So, the electron will follow the path as given. 

1218 

Fig. 9.537 

29. a. F;n = q(ii x Sf 

30. c. B=-~[COS530+COS370 ] = 7( }loi 1 
41l" 12x 481l"x 

5 
k = 7 
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9.154 Physics for IlT·JEE: Electricity a nd Magnetism 

53° 5, 
), 

1:h/S 
37° 

p 4.< 

Fig. 9.538 

Multiple Correct Answers Type 

1. a.,h.,d. 
There is no change in velocity. It can be possible when 
electric and magnetic fields are absent, i.e., E = 0, B = 0. 
Or when electric and magnetic fields are present but force 
due to electric field is equal and opposite to the force due to 
magnetic field, (i.e., E:;;!: 0, B;f:. 0). 
OrwhenE=O, but B:;;!: 0. 

F=quB sin B,i.e., 

sin ()= 0, i.e., ()= ° ~ '\) and B are in the same direction. 

2. a"b"d. 

Considering the activity from P to Q (horizontal) 

P .... _O __ 

, 

2, Q 

Fig. 9.539 

u =·v, v = 2v,s=2a, Acc=? 

v2 _u 2 =2as 

3v' =}A=-
4a 

Force acting on the horizontal direction is 

rnA 3[mv2] F =qE=mA ~ E=q ='4 - a-

Rate of doing work at P = power 

= Fxv=mAXV=%[ m:)] 

Rate of doing work by the magnetic field is throughout zero. 
The rate of doing work by electric fi eld is zero at Q. Because 
at Q, the angle between force due to electric field and 
displacement is zero. 
. . (a), (b) and (d) are correct options. 

3. b.,c. V = II:(G+R) 

= 5 X 10-5[100 + 200,000) = lOY 

/ = I8 (~ +1) =SXIO-5 [ 1 ~0 +l] =smA 

(b) and (c) are correct options. 

4. a., e. When the changed particles enter a magnetic field, then 
a force acts on the particle' which will acts as a centripetal 
force. 

mv2 mv 
qvB =-- => r= -

, qB 

Now, 
I, J2E 

E =-mV ' => V = - -
2 rn 

r = ~ [2E = .J2Em = .J2E x .Jm 
qB";--;;; qB B q 

.Jm 
q 

~ He + and 0+ will be deflected equally. 
H+ will be deflected the most since its radius is smallest. 

x X X X 

x X X 

X X 

X X X 

X X X X 

Fig. 9.540 

(a), (e) are correct options. 

(i) 

(ii) 

5. c., d. Out of the given options only induced electric field and 
magnetostatic field form closed loops of field lines. 

6. a., c. Net force on the loop; 

Force on AB; The magnetic field due to current I J is along 
AB. 

dF= I (dl x B x sin 0°) = 0 

Force on CD; Similarly, the magnetic field due to current I J is 
along DC. Because here ()= 180°. Therefore, force on DCis 
rero. 

c 

8 

Force on BC: Consider a small element dl 
dF = l2dlB J sin 90° ~ dF = 12 dlB J 
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By Flcming's left hand rule, the direction of this force is 
pcrpendicular to the plane of the paper directed outwards. 
force on AD: dF= 12d1BI sin 900 = (2 dlBI 

A 

" B, D 

dl 

By Fleming's left hand rule, the direction of this force is 
perpendicular to the plane of paper directed inwards. Since 
thc current elements are located symmetrical to current ii' 
therefore force on BC will cancel out the effect of force on 
AD. 

__ ~ Net force on loopABCD is zero. 
-Net torque on the loop. The force on BC ana AD will create 
a torque on ABCD in clockwise direction about 00' as seen 
by the observer at O. Gravitational and electrostatic fields 
do not form closed loops. 

7. a., c., d. v 1.8 in region II. Therefore, path of particle is 
circle in region II. Particle enters in region III, if radius cl 
circular path, r> I 

01 
Bql ,> --
m 

Bql mv .. 
If v= --, r = - = I, particle will turn back and path 

m Bq 
length will be maximum. If particle returns to region I, time 
spent in region II will be: 

Rx x 

x x 

x x 
v., Bql 

m 

T pm h· h· . d d f t=- =-,w IC IS 10 epen ento v 
2 Bq 

Corrent options are (a), (c) and (d). 

F ~ /[(Li) x (B)) J~ ILBk 

Magnetics 9.155 

Magnitude of force is [LB and direction of fo(ce is 
positive z. 

Assertion-Reasoning Type 

1. c. c¢= BINA 

¢=(B:A)I 

Using iron core, value of magnetic fteld increases. So. 
deflection increases for the sn.ne current. Hence, sensitivity 
increases. 
Soft iron can be easily magnetized or demagnetized. 
.. correct option is (c). 

Matching Column Type 

1. i. -? a., ii. -?a.,b:,d., iii. -? b.,d., . iv. -? b.,c. 
2. i.-?b., ii.-?c.,d., iii.-?d., iv.-?a.,b.,c. 
3. i. -? b.,c., ii. -? a., iii. -? b.,c., iv. -? b.,d. 
4. i.-?a.,c.,d., ii.-?c.,d., iii.-?a.,b.,e., iv.-?c.,d. 
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ALternating Current 
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10.2 Physics for IlT-JEE: Electri city and Magnetism 

ALTERNATIVE CURRENT AND VOLTAGE 
A time varying current or voltage according to its law of variation 
may be· periodic or non-periodic. In case of periodic current or 
voltage_~ the current or voltage is said to be alternating if: 

a. its amplitude is constant,_ and 
b, alternative half cycle is positive and half negative. 

This all is illustrated in Fig. 10.1. 

• Damped 
osci11alOry 

<. 
• lor Y 

H 

If the current or voltage varies peri'a'd'ica!1y as 'sin' or 'cos ' 
function of time, the current or vOltage is said to be sinusoidal 
(Fig. 10.2). 

' '" 'osin(()( 

V~Vosinwt 

(a) 

1=/oC05(1)/ 

lor V fC-+----je--'--+~~~ 
o 

V ~ VOCOS (OI 

,bl 

Fig.lO.2 

We lise the term It<.: source for any device that supplies a 
sinusoidally varying vohige (potential dilkn::nce) v or current i. 
The l1S11llJ circuit-diagram symbol ro,- all [1(; ~ource is shown in 
Fig. 10.3 

-e-
Fig. 10.3 

A sinusoidaf-voltage might be described by a function such as 

v= Vcos(vl or V= Vsinan ( I ) 

In this expression, v(lowercase) is the it;stalltaneous potential 
diOcrence, V (uppercase) is thc maximum potential dIfference, 

which we call the voltage amplitude; and (J) is the angular 
. frequency, which is equal to 2Jttimes the frequency J. 

Voltage 
posilive 

Voltage 
zero 

Fig. 10.4 

Voltage 
negative 

• 

i = I cOS{J)t or i = I sin{J)t (2) 

where i (lowercase) is the instantaneous current and I 
(uppercase) is the maximum current or current amplitude. 

Points to Rel)'lember 

• It is produced by a dynamo or an electronic oscillator. 
• The frequency ofac in India is 50 Hz, i.e., f = 50 Hz so OJ = 

2nf= lOOnrad/s. 
• The ac can be converted into dc with the. help of rectifier 

while dc into ac with the help of an inverter. 
• It cannot produce chemical effects of current such as 

electroplating or electrolysis as due to large ions cannot 
follow the frequency of ac. 

• It can be stepped up or down with the help of trans-former 
(while dc cannot be). 

• Alternating current is measured by hot wire instruments. 

PHASOR DIAGRAMS 
To represent sinusoidally varying voltages and currents, we will 
use rotating vector diagrams simiJar lO those we used in the study 
of simple harmonic motion. In these diagrams the instantaneous 
value of a quantity that varies sinusoidally with time is 
represented by the projection onto a horizontal axis of a vector 
with a length equal to the amplitude of the quantity. The vector 
rotates counterclockwise with constant lIngular speed (J). These 
rotating vectors arc called phasnrs. The projection of the phasllr 
onto the horiwntal axis at lime I is Icos(J)t; this is ".'hy we chose 
to usc the cosine function rather than the sine (sec Fig. [0 .5). 

w, 
() i ~ /COSIOI 

Fig.10.S 
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Note: 

A phasor is not a real physical quantity with a direction 
in space, such as velocity, momentum, or electric field. 
Rather, it is a geometric entity that helps us to describe 
and. analyze physical quantities that vary sinusoidally 
with time: In a simple harmonic moti0,11 we use a single 
phasor to represent the position of a point mass 
undergoing simple harmonic motion. In this chapte; we 
will use phasor 10 add sinusoidal voltages and currents. 
Combi"ing sinusoidal quantities : with the phase 
differences then becomes a matter of vector addition. 

- , 

AVERAGE OR MEAN VALUE OF 
ALTERNATING CURRENT 

If the average or mean value of alternating current or 
voltage is defined for full cycle, it will be zero as 

f' f' ' o sinM dt or 0 COSM dt = 0 so it is defined for positive 

(or negative) half cycle as 

f
m Idt 

I~v or imc"n = ~i~:~"'d-t 
f"· losinOJt dt 2 
o --I 

f
Ir/to - If 0 
o dt 

lav = 
2/, 

" 
ROOT MEAN SQUARE (RMS) VALUES 

A more useful way to describe a quantity that can be either 
positive or negative I the root mean square (rms) value. We used 
rms values in kinetic theory of the gases in connection with the 
speeds of molecules in a gas. We square the instantaneous current 
i, take the average (mean) value of p, and finally take the square 
foot of that average. This procedure defines the root mean square 
current, denoted as I rm,. Even when i is negative, i2 is always 
positive, so 1m" is never zero (unless i is zero at every instant). 

Here's how we obtain 1m" for a sinusoidal current, like that 
shown in Fig. 10.6, if the instantaneous current is given by 
i = lcos OJt, then 

I 
But we have, cos2A = -(I + cos2A) 

2 

We find .2 2 I I 2 I? 
I = J - (I+cos20J1)=-J +--J-cos2mf 

2 2 2 

(3) 

The average of cos 2m/ is zero because it is positive half the 
time and negative half the timc. T hus thc average of P is simply 
J2

(:.. The square rOOI of this is Irm;: 

I 
I = - (flllSvalueofasinllsoidalcllfrent) (4) 
nil< J2 

I 

, -,' 
i2 = P cost! 00 

\ 

3 

Alternating Cu rrent 10.3 

4 

i " / cos WI 
In"" '" J(i2)av =* 

Meaning of the rms vatue ora 
sinusoidal quantity (here, ac 
current with I = 3 A) 

(I) Graph current i versus time 
(2) Square the instantaneous cUrren! i , 
(3) Take the average (mean) value of;2 
(4) Take The square root of that average. 

Fig. 10.6 

In the same way the rms value of sinusoidal voltage with 
amplitude (maximum value) V is 

V 
V - - (rms value of 11 sinusoidal voltage) (5) =- .fi 

Note: 

Effective, virtual, or rillS value of altcmatillg current is 
defined as tile square root of the average of /1 dllring a 
complete cycle, i.e., 

I = [J; I'dt] ~ [J:". Ii sin' Jl)tdt]. 
,m, J' J2/&1(1) , 

dt dt 
o . 0 . _, 

I. 
I.ms = -Ii [as I: sin

2 totdt:=~] 
All ac instruments 'read this value, e.g.,if we speak about 
220 Valtemating voltage we meau Vrn" = 220 V. 

2 Vo • As Val' = -Vo and V - -

" 
cn" - .,fi 

Vo> Vrm.> Val'\ and Vo = 1,44 V.IIlS 

So,ifVr~=220v, Vo=.fiX220 = 311V 

and Val' = 0,9 X 220 = 198 V 

S· fi ' 'd I lu If 1f • 0, or SIIIIlS01 a, ac = -=- X - = r. 
.J2 210 2v2 

QJ£S~~ The plate on the hack of a personal computer 

says that it draws 2.7A from a 120-V, 6() Hz line. Fill" this 
computer, what is (a) the average of the square of 
the current, (b) the current amplitude, and (c) the avcrng(' 
currcnt? 
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10.4 Physics for IIT-JEE: Electricity and Magnetism 

Sol. 
a. The current given is the rms value: Inn, = 2.7 A. The target 

variable (i2)nv is the mean of the square of the current. The 
rms current is the square root of this target variable, so 

IITIl'S= )02),y or (p) .. = (Irm/= (2.7 A)2=7.3A2 

h From the above eq. the current amplitude I is 

1= .Ji1~=.Ji(2.7A)=3.8A 

c. We know the rms current, given by eq. (l"m = 1 . 
.fi)' IS the 

square root of the mean (average)of the square of the current. 
The average of any sinusoidal alternating current, over any 
whole number of cycles, is zero. We define the average for 

positive or negative half cycle lav = 
2/

0 = 2 x 3.8 = 3.42 A 
a a 

. , ,., 
p .... 

J ' 
i~ ", 2" r--'--'----t--'c--+_ 

J 

Irm. - 2.7 A P'c'----\+-'+--i'
: / 

o 

Fig.10.? 

An alternating current is given by the 

following equation: 1= 3.J2sin(lOOm + 1&14). Give the 

frequency and mean value of the current. 

Sol, /-:= 3.fisin(IOOm + n"l4) 

lffl«ln = lpe<lk ,.fi = 3.fi l..fi A = 3 A 

,nd 2trf= lOOn- :) f= loon-In-=50Hz 

Frequency (f) = 50 Hz 

D.dlID A voltage,E= 60sin314t, is applied across a 

resistor. What will be the reading of I rms 

i. in ac ammeter? 
ii. ordinary moving coil ammeter in series with the resistor 

read? 

~~ fll, Given that E= 60 sin 3141 

i. An ac ammeter will read the rms value 

Eo 60 
En", = J2 = ..fi = 42.4 V 

E,. = 42.4 =2.12A 
R 20 

Therefore HC ammeter will read 2.12 A. 
ii. An ordinary moving coil ammctcr will reud the average value 

of alternating current. Since the average value of ac over one 
cycle is zero, this meter will give zero reading. 

RESISTANCE AND REACTANCE 
In this section we will derive voltage-current relationships for 
individual circuit elements carrying a sinusoidal current. We will 
consider resistors, inductors, and capacitors. 

RESISTOR IN AN AC CIRCUIT 
First let us consider a resistor with resistance R through which 
there is a sinusoidal current i = 1cos(J)t. The positive direction of 
current is counterclockwise around the circuit, as in Fig. 10.8 (a), 
the current amplitude (maximum current) is 1. From Ohm's law the 
instantaneous potential vR of point a with respect to point b (that 
is, the instantaneous voltage across the resistor) is 

vR = iR = (lR) COSCO! (6) 

The maximum voltage VR, the voltage amplitude, is the 
coefficient of the cosine function: 

VR= IR 
(amplitude ofvoitage across a resistor, ac circuit) (7) 

Hence from equations (i) and (ii), we can also write 
v R = VR cos(J)f (8) 

The current j and voltage vR are both proportional to cos {Of. 

so the current is in phase with the voltage. Equation (7) shows 
that the current and voltage amplitude are related in the same way 
as in a de circuit. 

Fig. 10.8 (b) shows graphs of i and'vRa.s the functions of time. 
The vertical scales for current and voltage are different, so the 
relative heights of the two curves are not significant. The 
corresponding phasor diagram is given in Fig. 10.8 (c). Because 
i and v R are in phase and have the same frequency, the current and 
voltage phasors rotate together; they are parallel at each instant. 
Their projections on the horizontal axis represent the instant
aneous current and voltage, respectively. 

i . ¥ 

Resistor connected to 
ac SQurce 

, R b 

(0) 

Current I 
Resistor phasor 
voltage ! 

(b) 

phasor V ~( WI\ , 

/ VR ! 
--,-10 1- :.1-· --L-'-.,....L-

(0) 

Fig.lO,g 
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INDUCTOR IN AN AC CIRCUIT 
We replace the resistor used in the previous section and place a 
pure inductor with self-inductance L and zero resistance 
/Fig. 10.9 (a)]. Again, we assume'that the current is i = /cOSaJl , 

with the positive di rection of current taken as counterclockwise 
around the circuit. 

Although there is no resistance, there is a potential difference 
v l. between the inductor terminals a lind b because the current 
varies with time. Given by £ = -L dildl; however, the voltage vi. 
is nOI si mply equal to e. To see why. nolice that if the currenl in 
the inductor is in the positi ve (counterclockwise) diroction from 
a to b and is increasing, then dildl is positive and the induced 
c. m.f. is directed to the left to oppose the increase in current. 
Hence, point a is at a higher potential than point b. Thus, the 
potential of poi nt with respect to point b is positive and given by 
\lL = + L dildt, the negative of the induced e.m.f. (Vou should 
convience yourself that this expression g ives the correct sign of 
\lL in all cases, including j counterclockwise and decreasing, i 
clockwise and increasing, and i clockwise and decreasing) ; 

Inductor connected to 
ac source 

, L 

Ja) · 

So we have 

b 

Inductor 
voltage 
phasor 

i. v 

CUrrent 
p""",, 

\ 

' oj 

Fig. 10.9 

(bJ 

/ i , , , , , , 

di d . 
V L :::: L - = L -(1 COS Ult ) :::: -!tVL smtVt (9) 

dt dt 

The voltage v L across the inductor at a'ny instant is proportional 
to the ra te of change of the cug;.enl. The poin~.of. maxi mum 

f"" • .. . " 
voltage on the graph cor;espond to maximum steepness of the 
current curve, and the "points of'zero voltage are the points where 
the current curve instantaneously levels off at its maximum and 
minimum values [Fig. 10.9 (b)] . The voltage and the current are 
"oul o f step" or out of phase by a quarter cycle. S ince the voltage 
peaks occur a quarter cycle-earl ier than the currenl peaks. we say 
that the voltage leads the current by 90". The phasor diagram in 
[Fig. 10.9 (c)] also shows this relationship; the voltage phasor is 
ahead of the current phasor by 90°. 

Alternating ( urrent 10.S 

We can also obtain this phase relationship by rewriting 
Eq. (9) usi ng the identity cos (A + 90°):::: - sinA 

\lL = lw L cos(wt+900) (\0) 

This resuil shows that the voltage can be viewed us a cosine 
function with a " head start" 0 ( 90° relative to the current. 

As we have done in Eq. (10) we will usually describe the phase 
of the voltage relative to the current, not the reverse. Thus if the 
current i in a circuit is 

i :::: ! cos wt 

and the VOltage \I of one point with respect to another is 

\1= VCOS(Wf +~) 

We call ~ the phase angle; it gives the phase of the voltage 
relative to the current. For a pure resistor ¢ = 0, and for a pure 
inductor, ¢= 90° 

From Eq . (9) and ( IO) , the am pl itude VL of the inductor 
voltage is 

VL = l wL (I I) 

We define the inductive reactance XL of an inductor as 
XL:::: mL (inductive reactance) (12) 

Using XL' we can write Eq. (II) in a form similar to equation for 
a resistor (V H:::: IR): 

VL = IXL (1 3) 

(amplitude o f voltage across an inductor, ac circuit) 

Because XL is the ratio of a voltage and a current, its SI unit is 
Ohm, the same as for resistance. 

Meaning of Inductive Reactance 

The inducti ve reactance XL is really a description of the self
inducted e. m.f that opposes any change in the current through 
the inductor. From equation for a given current amplitude I the 
voltage v L = + Ldildt across the inductor and the self·inducted 
emf e = - Ldildt both have an amplitude VL that is directly 
proportional 10 XL- According to Eq. ( 12), the inductive reactance 
and the self induced emf increase with more rapid varia tion in 
current (that is. increasing angular frequency, IV) and increasing 
inductance L-

If an oscillating voilage of a given amplitude VL is applied 
across the inductor terminals, the resulting current will have a 
smaller amplitude I for larger values of XL' since XL is proportional 
to frequency, a high-frequency voltage applied to the inductor 
giv~s only a small current, while a lower-frequency voltage of the 
same amplitude gives rise to a larger current. Inductors are used 
in some circuit applications, such as power supplies and radio
interference fi lters. to block high frequencies while permitting 
lower frequencies or dc to pass through. A circui t device that 
uses an inductor for this purpose is called a low-pussjiltel: 

~plel0A S uppose you want the current amplitude 

in a pure Inductor in a r adio receiver to be 250 ~A when the 

vollage amplitude is 3.60 V at II frequency of t .60 MHz 
(corresponding to the upper is 3.60 V AM broadcast band). 
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10.6 Physics for ]!1·JEE: Electricity and Magnetism 

a. What inductive reactance is needed? What inducta nce is 
requircd? 

h lfIhe voltageamplitudc through thi.s induclorat 16.0 MHz? 

Sol. We are not told 'Ibout any other clements o r the circuit of 
which Ihe inductor is a part of. We should also nor cm\: Uuvut 
those other elemenlS, since from the perspective o f this example, 
all they do is provide the inductor with an oscillating voltage. 

Set up: We are given the current ampli tude, /, and the voltage 
amplitude, V. Our target variables in part (a) are the inductive 
reactance XL at 1.60 MHz and the inductance L. Once we know L, 
we use these same two equations to find the inductive reactance 
and current amplitude at any other frequency. 

Execute: 

Inductor connec ted to 
lie source 

, L b 

Fig. 10.10 

a. The inductive reactance 

v 3.60V 
XL= ~= 6 =1.44 x l<f n = 14.4kn 

f 250x 10- A 

But lU= 2trj, we find 

XL l.44x i04 n 
L= -2n-f==2-~(~I.=~~X~IOi' ~H~') 
= J.43x 10-3 H= 1.43 mH 

h We know that the current amplitude is I = VdXL = VJlUL 
= VLI21t/L. Thus, the current amplitude is inversely 

proportional to the frequency f Since I = 250)lA at/= 1.60 
MHz, the current amplitude at 16.0 MHz (ten times the 
original frequency) will be one· tenth as great, or 2500 J.lA = 
2.50mA. 
In general, the lower the frequency of an oscillating voltage 
applied across an inductor, the greater the amplitude of the 
oscillating currelllihat results. 

Example 10.5 A pure inductance of 1.0 H is connected 

across a 110 V, 70 H:£source. Find the reactance, current, a nd 

the pea k valuc of current. 

SoI. L= LOH. V= 11 0 V,/=70 Hz. 
i. Reactance = lUL = 2ax 70 x I = 439.6 n 
ii. Currelll = 110/439.6 = 0.25 A 

iii. Peak value o f current = 0.25 x 1.414 = 0.353 A 

CAPACITOR IN AN AC CIRCUIT 
We connect a capacitor with capacitance C to a source as shown 
in Fig. 10.I I(a) producing a current i = leas lUI through the 
capacitor. Again. the positive direction of current is counter-

clockwise around the circuit. 

C~pacitor eonneclw 10 
a~ so,,~e 

I +~~!. I 
II c b 

(.) 

CUlT~nt 
phasor 

\ . 

i.v 

,., 

01 ¥c i Capacilor 
Vr -r voltage phasor 

1'1 

Fig. 10.11 PhasorDiagram 

Caution 
Alternating current through a capacitor : You may object that 
the charge cannot really move through the capacitor because its 
two plales are insulated from each other. True enough. but as the 
capaci tor charges and discharges, there is at each instant a current 
i into one plate, an equal current OUI of the other plate, and 
an equal displacement current between the plates just as though 
the charge were being conducted through the capacitor. Thus, we 
often speak about alternating current through a capacitor. 

To find the instantaneous voltage ve across the capacitor, that 
is, the potential of point a with respect to point b - w first let q 
denote the charge on the left-hand plate of the capacitor in 
Fig. 10.11 (a) (so q is the charge on the right hand plate). The 
currelll i is related to q by i = dqldt; with this defi nition, positive 
,urrelll corresponds to an increasing charge on the left-hand 
capacitor plate. Then 

. dq I 1= - = cosWI 
dl 

Integrating this, we get 

I . 
q = - smlUl 

OJ 
(14) 

Also from C = Q l v"b ,the charge q equals the voltage ve. 
multiple by Ihecapacitanceq = C Vc- Using this in Eq. ( 14) we find 

I . 
vc = me smaJt (15) 

The ins(antaneous current j is equal to the rate of change 
dqldt of the capacitor charge q; since q = C Veo i is also 
proportional to the rate of change of voltage. (Compare ' to an 
inductor, for which the situation is reversed and VL is proportional 
to the rate of change of i.) Fig. 10.1 1 (b) shows Vc and i as 
functions of I. Because j = dqldl = Cd Veldt, the current has its 
greatest magnitude when the Vc curve is rising or falling most 
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steeply and is 7.ero when the Vc curve instantaneously levels off 
at its maximum and minimum values. 

The capacitor voltage and the current are out of phase by a 
quarter cycle. The peaks of voltage occur quarter cycle after the 
corresponding current peaks. And we say thallhe voltage phasor 
is behind the current phasor by a quarter-cycle or 90", 

We can also derive this phase diffe~encc by rewri ting Eq. (15) 
u~ing the identify cos (A - 90° )::: sinA 

1 
vc = -cos(ltu-90") . rue (16) 

This corresponds to a phase angle;= 90", This cosine runetion 
has a "late slatt" of 90" compared with the current j ::: / COS{/)f 

Equations (15) and (16) show that the maximum voltage V c (the 
voltage amplitude) is 

' (17) 

To put this expression in a form similar to Eq. (7), VR = JR, for a 
resistor VR ::: JR, we define a quantity Xc. called the capacitive 
reactance of the capacitor, as 

1 
Xc = wc (capaci tive reactance) (18) 

Then 

V c = I Xc (amplitude of voltage across a capacitor. ac circuit) 
(19) 

The SI unit of Xc is Ohm, the same as for the resistance and 
inductive reactance, because Xc is the ratio of a voltage and a 
current. 

Meaning C!f Capacitive Reactance 

The capacitive reactance of a capaci tor is inversely proportional 
both to the capacitance Cand to the angular frequency ' m' . The 
greater the capacitance and the higher the frequency, the smaller 
the capaciti ve reactance, Xc. Capacitors tend to pass high· 

. frequency current and to block low·frequency currents and dc, 
just the opposite of inductors. A device that preferentially passes 
signals of high frequency is called a high·pass filter. 

RESISTOR AND CAPACITOR 
IN AN AC CIRCUIT 

E.xample 10.6 A 200.Q resistor is connected in series with a 

5.0 ).IF capaci~or. The voltage across the resistor is v R 

. = (1.20 V) cos (2500 radJs)t. 

a. Derive an expression for the circuit current. 
b. Determine the capacitive reactance of the capacitor. 
c. Derive a n expression for the voltage across the capacitor. 

Sol. This is a series circuit. The current is the same through the 
capacitor as through the resistor. Our target variables arc the 

Alternating Current 10.7 

current i, capacitive reactance Xc' and capacitor voltage v c. 

Set up: Figure 10. 12 shows the circuit. W~ fi nd the currenlthrough 
the res i ~ tor, and hence through the circuit as a who le. We 
u~e Eq. ( 18) to find the capacitive reactance Xc. Eq. ( 19) to find the 
voltage amplitude, and Eq. ( 16) to write an e~pression for t/'le 
instantaneous voltage across the capacitor. 

Coo S.O)lF R " 200n 

~~ 
v,. .. (1.20 V) cos (2500 radls) 1 

Fig. 10.12 

Execute: 

a. Using vR = iR, we fi nd that Ihe current i in the resistor and 
through the circuit as a whole is . 

. vR O.20V) cos(2500 radls)J 
1 = R ~ 200n 

= (6.0 x 10-3 A) cos (2500 rad/s}t 

b. From Eq . (18) the capacitive reactance at OJ= 2500 radls is Xc 

=_1_ = I :80n 
me (2500radls)(5.0 x 10-6 F) 

c. From Eq. ( 19), the amplitude V c of the voltage across the 
capacitor is 

V c = 1Xc = (6.0 X 10-3 A )(80n) = 0.48 V 

The 80 n reactance of the capacitor is 40% of the resistor's 
200 n resistance, so the value of V c is 40% of VR• The 
instantaneous capacitor voltage Vc is given by Eg. ( 16) 

vc= vccos(lVt - 900) 

= (0.48 V) cos [(25OOradls}t- frl2rad) 

Note: 

Although the current through the capacitor is the s~me 
as through the resistor, tl,e voltages across these two 
devices are different in both the amplitude and the 
pilose •. Note that in tlu expression for nc we converted 
tile 90° to p/2 rod so that all the angular quantities have 
(he same units. In all ac circuit analysis, phase angles 
are often givett in degrees, so be careful to convert to 
radians when necessary. 

COMPARING AC CIRCUIT ELEMENTS 
Table 10.1 summerizes the relat ion.~hips of voltage and current 
amplitude for the three circuit elements we have discussed. Note 
again that the instantaneous voltage and the current are 
proportional in a resis tor, where there is zero phase difference 
between vI(. and i [see Fig. 10.13 (b»). The instantaneous voltage 
and current arc not proportional in an inductor or a capacitor, 
because there is a 90° phase difference in both the cases. 
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10.8 Physics for IIT·JEE: Electricity and Magnetism 

i, ~ I," 

(t) (b) 
i, ~ 

/- _ . .. ........... ... . 

«, 

Fig. 10.13 

Table 10.1 Circuit Elements with Alternating Current 

Circuit AmpUlude Orcult t Phaseofv 
E lement Relationship Quantity k .' 
:Resistor • V,;:;.IR ;R ;. In phase with j 

I~ductor ~. 
.. ~ .. . 

~ XI.= - {/)L ;, Leads j by 90° " VL ='/J't , 
Ig~pacitor h 

'" 
ve= lkt~ ·W. Xc = l/(I)e ,,, .... ' h Lags i by 90°, 

Figure 10.14 shows how the resistance of a resistor and the 
reactanccs of an induf;tl?!" and a capacitor vary with angular 
frequency, Cd Resistance R is independent of frequency, while the 
reactances Xl. and Xc are not. If (J) = 0, corresponding to a dc 
circuit, there is no current through a capacitor because Xc ~ 00, 

and there is no inductive effect because Xl. = O. In the limit (J)~ 00 , 

Xl. also approaches infinity, and the current through an inductor 
becomes vanishingly small; recall that the self·induced e.m.f 
opposes rapid changes in the current. In this same limit. Xc and 
the voltage act"OS.<; acapacitor l;loth approach zero; the current changes 
direction so rapidly that no charge can build up on either plate. 

R.X 

o 

Fig. 10.14 

L-R-C SERIES CIRCUIT 
Many ac circuits used in practicai electronic systems involve 
resistance, inductive reactance, and capacitive reactance. A 
simple example is a series circuit containing a resistor, an 
inductor, a capacitor, and an ac source, as shown in Fig. 10.15 (a). 

To analyze this and similar circuits, we will use a phasor 
diagram that includes the voltage and the current phasors for 
each of the components. In this circuit, because of Kirchhoff's 
loop role, the instantaneous total voltage vad across all the three 
components is equal to the source voltage at that instant. We will 
show that the phasor representing this total voltage is thc vector 
sum of the phasors for the individual voltages. Complete phasor 
diagrams for this circuit are shown in Figs. 10.15 (b) and (c). These 
may appear complex, but we will explain them one step at a time. 

Let us assume that ttie source supplies a current i given by 
i = Icos(l)t. Because the circuit elements are connecteQ in series, 
the current at any instant is the same at every point in the circuit. 
Thus, a single phasor I, with length proportional to the current 
amplitUde, represents the current in all circuit elements. 

We use the symbols VR' vI. and Vc for the instantaneous 
voltages across R. L, C, and the symbols V R' V L' and V c for the 
maximum voltages. We denote the instantaneous and maximum 
source voltages by vand V. Then, in Fig. 10.15 (a), v = vael' 
vR= vah' vl. = vbcand vc = vetl· 

We have shown thanhe potential difference between the 
terminals of a resistor is in phase with the current in the resistor 
and that its maximum value VR is given by Eq. (7). 

VR = IR 

...l- "I. - /XL ,-rz 
'" d \ ,/ /, • >', 

"~ - V, 
"'. 

R C ., 
0 

b < vc-/xc 
L (., (b) 

o " I. -VC 

Vc · 1Xc 
«, 

Fig. 10.15 

TIle phasor V R in Fig. 10. IS(b), in phase with the current phasor 
I , represents the voltage across the resistor. Its projection onto 
the horizontal axis at any instant gives the instantaneous 
potential difference YR ' 

The voltage across an inductor leads the current by 90°. Its 
voltage amplitude is given by Eq. (13): 

Vl.= IXI. 

The phasor VL in Fig. 10.15 (b) represents the voltage across 
the inductor, and its projection onto the ho rizontal axis at any 
instant equ~ l s vi." 

The voltage across a capacitor lags ·the current by 90°. Its 
voltage amplitude is given by Eq. (19): 

Vc = IXc 
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The phasor Vc in Fig. 10.15 (b) represents the voltage across 
the capacitor, and its projection onto the horizontal axis at any 
instant equals vc' 

The instantaneous potential difference vbetween the terminals 
a and d is equal at every instant to the (algebraic) sum of the 
potential differences vR, vL and vc' But the sum of the projections 
of these phasors is equal to that which represents the sourCe 
voltage v and the instantaneous total voltage vad across the series 
of elements. 

To fonn this vector sum, we first subtract the phasor V c from 
the phasor VL• (These two phasors always lie along the same line, 
in opposite directions.) This gives the phasor, VL - V c. This is 
always at right angles to the phasor, VR, so from the Pythagorean 
theorem the magnitude of the phasor V is 

V= JV; + (VL - Vc )2 

= JUR)2+UXL - JXC)2 

or V = JJR2 +(X l, -xci (20) 

We define the impedance Z of an ac circuit as the ratio of the 
voltage amplitude across the circuit to the current amplitude in 
the circuit. From Eq. (20) the impedaneeoftheL-R-Cseriescircuit 
;s 

Z= JR2 +(XL -Xc l 
So we can rewrite Eq. (20) as 

V= lZ 

(21) 

(amplitude ofvoJtage aeross an ac circuit) (22) 

M,EANING OF IMPEDANCE AND 
Pi'lASE ANGLE 
Equation 22, given in previous section, has a form similar to 
V = JR., with impedance Z in an ac circuit playing the role of 
resistance R in a dc circuit. Just as direct current tends to follow 
the path ofleast resistance, so alternating current tends to follow 
the path of lowest impedance. Note, however, that impedance is 
actually a function of R, L, and C, as well as of the angular 
frequency (0. We can see this by substituting eq. (12) for XL and 
Eq. (I8) for Xc into Eq. (21), giving the following complete 
expression for Z for a series circuit: 

Z= JR2 + (XL - XC)2 

= ~R' + [WL-(1IWC) j' 

(impedance of an L- R - C series circuit) (23) , 
Hence for a given amplitude Vof the source voltage applied to 

the circuit, the amplitude J = VIZ of the resulting current wilt be 
different at different frequencies. 

In the phasor diagram showri in Fig. 10.16 (b) the angle ¢ 
between the voltage and the current phasors is the phase angle of 
the source voltage vwith respect to the current J; i.e., it is the angle 
by which the source voltage leads the current from the diagram. 

Alternating Cur rent 10.9 

...L 
" "v 

R 

b 
L 

'0' 

tan rp= 

tan rp= 

- q 

q 

d 

C 

, 

o ---.. ..vL - Vc 
Vc -lXc 

'0' 
Fig. 10.16 

Vc ~ 1Xc 

,b, 

VL-VC I(XL-Xc ) XL-XC 
= ::= 

VR JR R 

wL - lImC 

R 

'" 

(phase angle of an L- R - C series circuit) (24) 

if the current is I = J COSWI, then the source voltage v is 

v = V cos«(V! + ¢) (25) 

Figure 10. 16 (b) shows the behavior of a circuit in which 
XL> Xc' Figure 10. 16 (c) shows the behavior when XL < X6 the 
voltage phasor V lies on the opposite side of the curren! phasor 
I and the voltage lags the current. In this case, XL - Xc is negative, 
and is a negative angle between Band _90°. Since XL and Xc 
depend on frequency, the phase angle ¢depends on frequency as 
well. 

All of the expressions that we have developed for an L-R-C 
series circuit arc still valid if one of the circuit clements is 
missing. If the resistor is missing, we set R = 0; if thc inductor is 
missing, we set L = 0, but if thc capacitor is missing, we set 
C = """, corresponding to the absence of any potential difference 
(vc = qlC = 0) or any capacitive reactance (Xc = I /wC = 0). 

In this entire discussion, we have described magnitudes of 
voltages and currents in terms of their maximum values, i.e., the 
voltage and the current amplitudes. These quantities are usually 
described in terms of rms_ values, not amplitudes. For any 

sinusoidally varying quantity, the rms value is always 1/..[2 times 
the amplitude. All the relationships between voltage and current 
that we have derived in this and the preceding sections are still 
valid if we use rms quantities throughout instead of amplitudes. 

For example, ifwedivide Eg. (22) by..[2, we get 

V [ 
.fi = .fi Z 

Which we can rewrite as 

V,m,= Im"Z (26) 
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10.10 Physks for IIT-JEE: Electricity and Magnetism 

We can translate Eq. (7), (13), and (19) in exactly the same way. 
Only those circuits have been considered in which an inductor, 

a resistor, and a capacitor arc in series. You can do a similar 
analysis for a parallel L-R-C circuit. 

Finally, we remark that in this section we have been describing 
the steady state condition of a circuit, the state that exists after the 
circuit has been connected to the source for a long time. When 
the source is first connected, there may be additional voltages 
and currents, called transients, whose nature depends on the time 
in the cycle when the circuit is initially completed. A detailed 
analysis of transients is beyond our scope. They always die out 
afler a sufficiently long time and they do not affect the steady 
state behavior of the circuit. But they can cause dangerous and 
damaging surges in power lines, which is why delicate electronic 
systems such as computers are often provided with power-line 
surge protectors. 

Examplel0.7 · A resistor and 1 H inductor are joined in 

series with an ac source of e.m.f. volt. Calculate the phase 

difference between V and 1. 

Sol.L= 1 H,R=200Q, V= lO.J2sin(200t) V 
Phase difference between Vand 1 = ¢. 

200xl It 
tan(¢)= wUR=2(j(}=1 :.4' = tan-10)=4 

Example 10.8 A lamp with a resistance of8 W is connected to 

a choke coil as shown in Fig. 10.17. This arrangement is 

connected to an alternating source of 110 V. The current in 
the circuit is 11 A. The frequency of the ac is 60 Hz. Find 

i. the impendence of the circuit, and 
ii. the value of inductive reactance of the choke coil. 

Lamp 8 n Choke coil 

x 

ll A l10V 

ac source 

Fig. 10.17 

Sol. R =0.8 .0., W= 2ltx 60 Hz, 1= 1 A, V::; 110 V 

i. Impendence(Z) = )(Ri + oXi) = V!I 

X = Inductive reactance, Z = 110111 = 10 n 
ii. Z2=R2+xl 

102=82+xl or XL =-./OOO 64)=.f36=6Q 

A resistor of 200 .0. and a capacitor of 

15.0)lF are connected in series to a 200 V, SO Hz source. 

a. Calculate the current in the circuit. 
b. Calculate the voltage (rms) across the resistor and the 

inductor. Is the algebraic sum of these voltages more than 
the source voltage? If yes, resolve the paradox. 

Sol. Given: R= 100 . .0., C= 15.0 IlF = 15.0x 10-6 F 
Vn",= 200 V, v=450 Hz 

a. In order to calculate the current, we need the impendance of 
the circuit. 

Z= )R2+X: = )R2 +(2ltvC)-2 

= )(2000.)2 +(2x3.14x50xI0 6 F) 2 

= ~(2o.nO)' + (221 0)' = 291..10 

Therefore, the current in the circuit is 

= V,m. = 220V = 0.755A 
Irm' Z 291.50. 

h Since the current is the same throughout the circuit, 

VR = Im"R=(0.755 A)(200Q)= lSI V 

Vc= lrffi<Xc=(0:755 A)(212.3Q)= 160.3 V 

The algebraic sum of the two voltages V R and V c is 311.3 V, 
which is more than the source voltage of 220 V. How' to 
resolve this paradox? You may recall that the two voltages 
are not in the same phase. Therefore, they cannot be added 
like the ordinary numbers. The two voltages are out of phase 
by 90". Therefore, the total of these voltages must be 
o~tained using the Pythagoras theorem: 

VR+C = )vi + V~ 

= ~(164,6V)' + (174,7 V)' = 220. V 

Thus, if the phase difference between two voltages is properly 
taken into account, the total voltage across the resistor and 
the inductor is equal to the voltage of the source. 

Exan1pleIO.lO In an LR series circuit, a sinusoidal V = Vo 

sin cot is applied. It is given that L = 35 mH, R = 11 n, 

Vrms = 220 V, ~ = SO Hz and 1& = 22. Find the amplitude of 
2" 7 

the current in steady state and obtain the phase difference 
between the current and the voltage. Also plot the variation 
of the current for one cycle on the given graph. 

Sol. Inductive reactance , " 
XL = coL = 2"x 50 x 35 X 10-3 

=2 x 22X50X35XIO-3=lln 
7 -, " 

v 

Fig. 10.18 
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,", impedance of circuit 

z= )R2 +XI~ =)11 2 +112 ::: 11-/2 n 
Given Vnm= 220 V · 

Amplitude of voltage Vo=..fi Vnn, = 220..fi V 

. ~ 220F2 
Amplitude of current io ::: -l!. = --,;; = 20A 

Z 11...;2 

Phase lag of current oyer voltage 

I@L I I I _I It ¢=tan- - = I<ln- -= tan (1)= -
R [ I 4 

The voltage and the current variations are shown in Fig. 10.19. 

VQ = 220M 
v . 

io=20A 

... ).: .... 
..... 

T 

Fig. 10.19 

The voltages and the current are expressed as V = 220..fi sin OJ! 

1=20Sin(OJt-~) 

Examplelo.n In the series circuit of Fig. 10.20, suppose 

R = 300 n,L = 60 mH, C= 0.50 IJ.F, V= SO V and OJ= 10,000 
radls. Find the reactances XL and Xc> the impedance Z, the 
current amplitude 1, t/le phase angle ;, and the voltage 
amplitude across each circuit element. 

R 
-q 

q 

b '--~."" "or O ~--', 
L 

Fig. 10.20 

c 

Sol. The inductive and capacitive reactances are 

XL = wL= (1O,OOOrad/s)(60 mH)=600n 

I I 
X = -= = 2000. 

c wC (10, 000 rad/s)(0.50 x 10- 6 F) 

The impedance Z of the circuit is 

Z= )R2 + (XL - XC)2 

= )(3000.)' + (6000. - 2000,)' =5000. 

Alternating Current 10.11 

With source voltage amplitude V = 50 V the current amplitude 

V 50Y 
3is/=-= - - =0.IOA 

. Z 500n 

The phase angle ¢ is 

x - X 4000. 
¢= arctan - L R c = arctan 300n = 53° 

The voltage amplitudes VR, VL and Vc across the resistor, 
inductor and capacitor, respectively, are 

VR = JR=(0.IOA)(300 0.)=30 V 

VL = IXL = (O.IOA)(600o.) =60V 

Vc = 1Xc= (0. IOA)(200Q) = 20 V 

Evaluate: Note that XL > Xc and hence the voltage amplitude 
across the inductor is greater than that across the capacitor and ¢ 
is negative. The value ¢= - 53° means that the voltage leads the 
current by 53°; this is like the situation shown in Fig. 10.21 . 

Note that the SOH1'ce voltage amplitude V = 50 V is not equal to 
the sum of the voltage amplitude across the separate circuit 
elements. (That is, 50 V '" 30 V + 60 Y + 0 V). 

Fig. 10.21 

ExampJe 10.12 For the L·R·C·series circuit described in 

Example 10.11, describe the time dependence of the 

instantaneous current and each instantaneous voltage. 

Sol. In Example 10.11, we found the amplitude of the current and 
voltages. Now we have to find the expressions for the 
instantaneous values of the current and voltages. As we learned, 
the voltage across a resistor is in phase with the current but the 
voltages across an inductor or capacitor are not. We also learned 
in this section that ¢ is the phase angle between the source voltage 
and the current. 

The current and all the voltages oscillate with the same angular 
frequency, w = 10,000 radls and hence with the same period, 
rdw=2 rd(IOOOO rad/s) = 6.3 x 10-4 s = 0.63 rms. 

Using Eq. (2), the current is 

i = !cOSW! = (0.10 A) cos( 10,000 rad/s)! 

This choice simply means that we choose 1 = 0 to be an instant 
when the current is maximum. The resistor voltage is in phase 
with the current, so 

vR= VR coscut = (30 V) cos(IO,OOO radls)! 

The inductor voltage leads the current by 90°, so 

vL = VL cos(OJ! + 90°) = - VL s in OJ1 

= - (60 V) sin(W,OOO rad/s)! 
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10.12 Physics fOl' IIT-JEE: Ete~tricity and Magnetism 

The capacitor voltage lags the current by 900
, so 

vC= VCcos(an - W) = Vesin wt 
= (20 V) sin(IO.0J0 radls) t 

Finally. the source voltage (equal to the voltage across the 
emire combinalion of resistor, induclor, and capacitor) leads the 
current by Ift= 53°, so 

v = V cos(w( +;) 

= (!50Y)COS [ (10,000 Tadls)t + (2~;d )(53 0
) ] 

= (50 V) C05[(10,000 radls)t + 0.93 rad) 

POWER IN ALTERNATING-CURRENT 
CIRCUITS 
Alternating currents pl ay a central role in the system for 
distributing, converting, and using electrical energy, so it is 
important 10 look at power relationships in ae circuits. For an ae 
circuit with instantaneous current I and current amplitude I, we 
will consider an element of that circuit across which the 
inslanumeoos potential difference is v with voltage amplitude V. 
The instantaneous power p delivered to this circuit element is 

p = vi 

Let us first see what this means for individual circuit elements. 
We will assume in each case that I = I COS(;()f. 

POWER IN A RESISTOR 
First suppose that the circuit clement is a pure resistor R, as in 
Fig. 10.22 (a); then v= vI( and I are in phase. We obtain the graph 
representing p by multiplying the heights of the graphs of v and i 
in Fig. 10.22 (b) at each instant. This graph is shown by the back 
curve in Fig. 10.22 (e). The product vi is always positive because 
v and i are always either both positive or both negative. Hence 
the energy is supplied to the resistor at every instant for both 
directions of I, although the power is not constant. 

ac $(MIrce 

v. i.p 
1" ---

i. Y 

pWW 

(0) 

Fig. 10.22 

(b) 

1!\IIIIF" -

The power curve for a pure resistor is symmetrical about a 
value equal to one·half its maximum value VI, so the average 

powerP<l" is 

P "" = ~ VI (for a pure resistor) (27) 

An equivalent expression is 

P tn'= ~ ~ = Vr"" / m lS (for a pure resistor) (28) 

Also, Vrms = InmR, so we can express P ""by any of the equivalent 
forms 

[ ' R V,~~ - v [ ,m. = R - n'l> m'~ 

(for a pure resistor) (29) 

Note that the expressions in Eq. (29) have the same from as the 
corresponding relationships for a dc circuit, Eq. (18). Also note 
that they are valid only for pure resistors, not for more 
complicated combinations of circuit elements. 

POWER IN A GENERAL AC CIRCUIT 
If any ac circuit. with any combination of resistors, capacitors, 
and inductors, the voltage v across the entire circuit has some 
phase angle ; with respect to the current i. T hen the 
ins tantaneous power p is g iven by 

p = vi = [V cos( wt + 9)][/costVI] (30) 

The instantaneous power curve has the form shown in 
Fig. 10.23. The area between the positive loops and the horizontal 
axis is greater than the area between the negative loops and the 
horizontal axis, and the average power is positive. 

A roilrary ac circuil 

Fig. 10.23 

We can derive from Eq. (30) an expression for average power 
P<lV by using the identity for the cosine of the sum of the two 
angles. 

p = IV(cos 6)1 cos;- sinaN sin;)] I/costVIj 

= VI eosf cos"lwt - VI sin¢costVI s inll)! 

We see that the average value of eos"l wr (over one cycle) is 
112. The average value o f COS6)t s in6)t is zero because this 

product is equal to 112 (sin 2 wI), whose average over a cycle is 

zero. So the average power is 

1 
Pa• = '2V/ cos¢':: Vm" l mlS cos¢' 

(average power into a general ac circuit) (31) 
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where v <lnd 1 are in phase, so rp = 0, the average power equals 

~ VI == V,m,1 nm' when v and i are 90° out of phase, the average 

power is zero in the general case, when v has a phase angle ¢with 

respect to i, the average power equals ~ I multiplied by V cos ¢, 

the component of the voltage phasor that is in phase with the 
current phasor. Figure 10.24 (a) shows the general relat ionship of 
the current and voltage phasors. For the L-R-C series circuit, 
Figs. 10.24 (b) and (c) show the V cos¢ equals the voltage 
amplitude VR for the resistor; hence equation 30 is the average 
power dissipated in the resistor. On averaged there is no energy 
flow into or out of the inductor or capacitor, so none of P~v goes 
into either of these circuit elements. 

ft,:t , v cos41 
/1 WI 

0 

(,) 

VL -/XL 

VL- Vc 

. ~ --.. .... • •. fL-VC 

Vc ~ IXc 

(,) 

Fig. 10.24 

V~IZ 

"' 
Q 

Vc g /Xc 

(b) 

The factor cos ¢ is c<lI Jed the power factor of the circuit. For a 
pure resistance, ¢ 0, cos¢ = I and p~v = Vm,,/,m,. For a pure 
inductor or capacitor, ¢ = ± 90°, cos¢ = 0 and p,," = 0. For an 
L-R-C-series circuit the power factor is equal to RIZ. 

A low power factor (larger angle ¢ of lag or lead) is usually 
undesirable in power circuits. The reason is that for a given 
potential differcnce. a large current is needed to supply a given 
amount of power. This results in large j2R losses in a client with a 
low power factor. Many types of ae machinery draw a logging 
current; i.e .. the current drawn by the machinery lags the applied 
voltage. Hence the voltage leads the current, so ¢> 0 and cos¢< I. 
The power factor can be corrected towards the ideal value of I by 
connecting a capacitor in parallel with the load. The current 
drawn by the capacitors leads the voltage (i .e., the voltage across 
the capacitor lags the current), which compensates for the lagging 
current in the other branch of the circuit. The capacitor itself 
absorbs no net power from the line. 

CHOKE COIL 
In 11 dc circuit, current is rcduced by means of a rheostat 
(resistance). This results in a loss of electrical energy iR per 

Atternating Current 10.13 

second as heat in the resistance. The current in an ac circuit can 
however be reduced by means of a device which involves very 
small amount of loss of energy, This device is called 'choke coil' 
or ballast and consists of a copper coil wound over a soft iron 
laminated core. This coil is to be reduced. As this circuit is a L-R 
circuit, the current in the circuit, 

1= E with Z= ~(R + r)2 + (mLi 
Z 

L, , 

Choke coil 

Fig.10.2S 

So due to large inductance, L, of the coil, the current in the 
circuit is decreased appreciably. However, due to small resistance 
of the coil r, the power loss in the choke, 

Pav = VnnJ nns cos¢~ ° 
, 

cos¢ = -
Z 

CIRCUIT BEHAVIOR AT RESONANCE 
As we vary the angular frequency m of the source, the current 
amplitude 1 = VIZ varics us shown in Fig. 10.26 the maximum vulue 
of I occur.~ at the frequency at which the impedance Z is minimuJll. 
This peaking of the current amplitude at a certain frequency is 
called resonance. The angular frequency (i)o at which the resonance 
peak occurs is called the resonance angular frequency. This is the 
angular frequency at which the inductive and capacitive 
reactances are equal, so at resonance. 

I,Z 

_900 , 
Fig. 10.26 

( 
XL = XcWoL=-

WoC 

logro 

I (' C . . . (32) mo = r.-;::: LrR- senes ClrCUlt at resonunce) 
vLC 

Note that this is equal to the natural angular frequency of thc 
oscillation of an L-C circuit, which we derived in 
Eq. (22). The resonance frequency to is mr:/211. This is the 
frequency at which the greatest current appears in the circuit for 
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10.14 Physics for IlT-JEE: Electricity and Magnetism 

a given source voltage amplitude; in other words, fa is the 
frequenc y hi which the circuit is "turned". 

It is instructive to look at what happens to the voltages in an 
L-R-C series circuit at resonance. The current at any instant is the 
same in Land C. The voltage across an inductor always leads the 

current by 90", or ~ cycle; and the voltage across the capacitor 

always lags the current by 90°. Therefore, the instantaneous 
voltages across Land C always differ in phase by 180", or 

~ cycle; they have opposite sign at each inst~nt. At the resonance 

frequency, and only at the re~onance frequency, XL = Xc and the 
voltage amplitudes VL = [XL and Vc = lXc are equal. Then the 
instantaneous voltages across Land C add to zero at each instant, 
and the to~al voltage v"" across the L - C combination is exaclly 
zero. The voltage across the resistor is then equal to the source 
voltage, So at the resonance frequency the circuit behaves as if 
the inductor and the capacitor were not there at all! 

The phase of thc voltage relativ0 to th.e current is given by 
Eq. (24). At frequencies below resonance, Xc is greater than XL; 
the capacitive reactance dominates, the voltage lags the current, 
and the phase angle ¢is between 0 and -90". Above resonance, the 
inductive reactance dominates; the voltage leads the current and 
the phase angle is between 0 and + 90". This variation of ¢with 
angular frequency is shown. 

TRANSFORMERS 
One of the great advantagcs of ac over de for electric-power 
distribution is that it is much easier to step voltage levels up and 
down with ae than with de. For a long distance powertnmsmission, 
it is desirable to use as high a voltage and as small a current as 
possible; this reduces i2R losses in the transmission lines, and as 
smaller wires can be used, it saves material costs. Present day 
transmission lines routinely operatc at rms voltages of thc order 
of 500 k V. On the olht!r hand, safety considerations and insulation 
requirements dietatt! relatively low voltages in generating 
equipment and in household and industr ial power distribution. 
The standard voltage for household wiring is 120 V in the United 
States and Canada ,lIld 240 V in many other countries. The 
necessary voltage conservation is accom plished by the usc of 
transformers. 

HOW TRANSFORMERS WORK 
Figure 10.27 shows an idealized transformer. The key components 
of the transformer arc two coils or windings, electrically insulted 
from each other but wound on the same core. The core is typically 
made of a material, such as iron, with a very large relative 
permeability K",. This keeps the magnetic field lines due to a 
current in one winding almost c.:ompletely within the core. Hence 
almost all of these field lines pass through the other winding, 
maximizing the mUlual inductance of the two windings. The 
winding to which power is supplied is called the primary; the 
winding from whieh power is ddivered is called thc secondary. 

The circuit symbol for a transformer with an iron core, such as 
those used in power distribution system is shown in Fig. 10.27. 

Fig. 10.27 

Here it is how a transformer works. The ac source causes an 
alternating current in the primary, which sets up an alternating flux 
in the core. This induces an emf in each winding, in accordance 
with the Faraday's law. The induced e.mJ. in ihe secondary gives 
rise to an alternating current in the secondary, and this delivers 
energy to the device to which the secondary is connected. All the 
currents and e.m.f.s have the same frequency as the ac source. 

Let us see how the voltage across the secondary can be made 
larger or smal ler in amplitude than the voltage across the primary. 
We neglect the resistance of the windings and assume that all the 
magnetic field lines arc confined to the iron core, so at any instant 
the magnetic flux ¢H is the same in each turn of the primary and 
secondary windings. The primary winding has N l lurns and the 
secondary winding has Nz\urns. When the Illagnetic flux changes 
because of the changing currents in the two coils, the resulting 
induced e.mJ.s are 

(33) 

The flux per turn FB is the same in both the primary and the 
secondary, so Eq. (33) shows that the induced e.m.r. per lurn is 
the same in each. The ratio of the secondary q to the primary 
e.mJ. "I is thercfore equal at any instant to the mtio of secondary 
to primary turns 

£2 = Nl (34) 
£1 NI 

Since 101 and q both oscillate with the same frequency as the 
ac source, Eq. (33) also gives the ratio of the amplitudes or of the 
rms vulucs of thc induced e.I11.f.s. If the windings have zero 
resistance, the induced e.!l1.f.s 101 and q are equal to the terminal 
voltages across the primary and the secondary, respectively; 
hence 

V1 N2 
-" -
VI NI 

(35) 

(terminal voltages of transformer, primary and secondary) 

, 
Secondary 

Fig. 10.28 
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where VI and V2 are either the amplitudes or the nTIS values cfthe 

terminal voltages. By choosing the appropriate turns ratio 

N/NI• we may obtain any desirr:d secondary voltage from a given 

primary voltage. If N2 > N I • then V2 > VI and we have a step-up 

transformer; if N2 < N I , then V2 < VI and we have . ~ tep-down 

Alternating Current 10.15 

transfornler. At a power generating station, step-up transformer is 
used. The primary is connected to the power source and the 
secondary is connected to the transmission li nes. giving the 
desired high voltage fo r transmission . Near the consumer, step
down transformers lowers the voltage to a value suitable for use 
in homes or industry. 

EXERCISES 

Subjective Type Solutions on paSt 10. 27 

1. Find the rms and the average values of the saw tooth wave
form shown in Fig. 10.29. 

I(f} 

: 2 , , , , , , , , 
, , , , , :' ,.. 

, " , 
- l r-f:~t-~~"-.'c,t-c!' ----, 

:/ 0 : /0.5 ,../ 2 // 
, - 2 ,' , , 

Fig. 10.29 

2. Calculate the rms and the average value of the voltage wave 
shown in Fig. 10.30. 

• 

- 2 

-4_ 
t (ms) 

Fig. 10,30 

3. An inductor 20 x 10-.1 H, n capadtor 100 j.lF, and n resistor 
50 n ~rc connected in series across a .~()t!rc c of e. llI.f. V 
= 10 5[n3 14/. Find the energy d is:. ipated in the cin.:u it in :W 
min. If the res istance is removed from (he <:ircuil anu the 
value of inductancc i~ dou bled, then find the variation of 
current with time in the new (· ireui t. 

4. Find the average vit lue of currel\l shown graphi ca ll y in 
Fig. 10.3 L rrom 1::= 0 to I = 2 s. 

(Al 

10 

o 

Fig. 10,3 1 

5. Find the average value of cUlTCnt (see Fig. 10.32) from I = 0 to 

2" .f . 1= - ! the current vanes as i = Imsin (i)l . ., 

i 
• 

Fig. 10.32 

6. Show graphically that the average of sinusoidally varying 
current in half cycle mayor may not be zero. 

7. Find the average value of current i = I",sin ((II from I. I = 0 to 

" d " n 3n 1=- an 1I. 1=- tO/= -. 
W 2w 2w 

8. Current in an ac circuit is given by j = 2./2 !;in(m + nI4). 
Then find the average value of current during time t = 0 to 
t = 1 s . 

9. Find the rms value of current i = III/sinw! from i. I = 0 to 

" d " n 3n t=-;t.n 11.1 =- 10'=-. 
W 2w 2w 

10. Find the effective value of current i = 2 sinlOOnt + 2 cos 
(100 HI + 30°). 

II, When il volt~ge ". = s in( WI +. 15°) is applied 10 an ile circuit, 
the current in the circuit is found \0 be i = 2 s in( w/ + tr/4). 
Find the average power consumed in the circ ui(~ . 

12. An al ternating vohage £ = 200 .Ji 5in( 100 I) V isconnecled 
to a I jJF capacitor through an lie ammeter ( it reads rills 
va lue). Whilt will be the reading o f the ammeter'! 

13. In <I n He series circuit (see Fig. 10.33), the rms VOltage of 
source is 200 V lind its frequ ency is 50 Hz. If R = !OO nand 

100 
C = - ~tF. lind 

" 
220V50HZ 

'---.j,1 ;:- --' 
C R 

.'ig. 10.33 

i.lmpcdanceofthecircui t, 
ii. Power factor angle, 
Iii. Power factor, 
Iv. Currellt. 
v. Maximum current, 

vi. Vollllge across R, 
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10.16 Phy~ics for IlT-JEE: Electricity and Magneti~m 

vii. Voltage across C, 
viii. Max voltage across R. 

ix. Max voltage across C, 
x. <P>, 

xi. < Pf{>' and 
xii. < Pc>. 

14. In the question 13 if vit) = 220.Jzsin(2n 50 t), find 

a. i (t), b. VII' and e. IIC(r) 

IS. An ae source of angular frequency wis fed across a resistor 
R and a capacitor C in series. The current registered is t. If 
now the frequency of source is changed to wl3 (but 
maintaining the same voltage), the current in the circuit is 
found to be halved. Calculate the ratio of the reactance to 
resistance at the original frequency w. 

9 
16. A lOOn H inductor and a 12 n resi stance are connected in 

scries to a 225 V, 50 Hz ac source. Calculate the current in 
the circuit and the phase angle between the current and the 
source voltage. 

17. When an inductor coil is connected to an ideal battery of 
e.m.f. 10 V, a constant current 2.5 A flows. When the same 
inductor coil is connected to an ac source of 10 V and 50 Hz 
then the current is 2 A. Find out the inductance of the coil. 

18. A bulb is rated at 100 Y, 100 W. It can be treated as a resistor. 
Find out the inductance of an inductor (called choke coil) 
that should be connected in series with the bulb to operate 
the bulb at its rated power with the help of an ac source of 
200 V and 50 Hz. 

19. A choke coil is needcd to operate an arc lamp at 160 V (rms) 
and 50 Hz. Thc arc IHmp has Hn effective resistance of 5 n 
when running of lOA (rms). Calculate the inductance of the 
choke coil. lf the same arc lamp is to be operated on 160 V 
(dc), what additional resistance is required? Compare the 
power losses in both the cases. 

So/uliollS all page 10.3 J 

1. The circuit given in Fig. 10.34 has a rcsistancelcss chock coil 
Land a resistance R. The voltage across R mid L are given ill 
Fig. 10.34. The virtual value of the applied voltage is 

a. lOOV 

R 
' 0 f 0 

, , 
:" 120V 

. : . 
t60V 

.: 

L-_-(~~ __ 

ACsou/'ce 

Fig. 10.34 

h 200V c.300V d 400V 
2. A series R, L, C circuit is shown in Fig. 10.35. Thc source 

frequency fvaries, but the current is kcpt unchanged. Which 
ofthc curvcs show ing chHngcs of V c and VI. arc valid for the 
circuit undcr considcrat ion? 

v, V, 

L C 

R 
V 

lc'ig.10.35 

V, 
V, 

t 
V, 

bt 
V, 

" , , 

,~ ,~ 

, t 

,~ 
,~ 

3. Two sinusoidal voltage of the same frequency are shown in 

Fig. 10.36. 

M N 

Fig. 10.36 

What is the frequency and the phase relationship between 

the voltage? 

frequencylHz phase lead of N 
N over M/rad 

ff 
a.O.4 --

4 

ff 
h.2.5 2 

ff 
c.2.5 +-

2 

ff 
d.2.5 --

4 

4. Figure 10.37 shows an iron-cored transformer assumed to be 
100% efficient. The ratio of the secondary turns to the 

primary turns is 1 :20. 
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240 V 

Primary 
coil 

Sc<;ondary 
iI 

_Fig. 10.37 
, 

6.0n 

A 240 V ac supply is connected to the primary coil and a 
6.0 Q resistor is connected to the secondary coil. What is 
the current in the primary coil? 
a.O.IOA b.O.14A 
c.2.0A d.40A 

5. In the series LCR circuit (Fig. 10.38), the voltmeter and 
ammeter readings are: 

400 V 400 V 

V / / 

R - 500 L C 
A 100 Y, 50 Hz 

~ 

Fig, 10.38 

a. v= lOOV,/ = 2A 
c. v= IOlXlV,I=2A 

b. V= lOOV,I=5A 
d. V=300V,I=IA 

6. An LCR circuit contains resistance of 100 Q and a supple of 
200 V at 300 radian angular frequency. If only capacitance is 
taken out from the circuit and the rest of the circuit is joined, 
current lags behind the voltage by 60°. If on the other hand, 
only inductor is tak~n out the current leads by 60° with the 
applied voltage. The current flowing in lhe circuit is 
a,IA ~1.5A 

c.2A d.2.5A 
7. The rms value of an AC of 50 Hz is. 10 A. The time taken by 

an alternating current in reaching from zero to maximum 
value and the peak value will be 
a.2xlO- 2 sandI4.14A 
b. I x 10- 2 sand 7.07 A 
c. 5 X 10-3 sand 7.07 A 
d, 5 X 10-2 sand 14.1 4 A 

8. The peak value of an alternating emf E given by 

E= Eo COSOJI 

is 10 V and frequency is 50 Hz. At time 1 = (1/600) s, the 
instantaneous value of e.m.f. is 

a.IOV 
c. 5 V 

b. 5-13 
d. I V 

9. A coil has an inductance of 0.7 Hand isjoined in series with 
a resistance of220Q. When an alternating e.m.f. of220 V at 
50 cps is applied to it, then the wattless component of the 
current in the circuit is 
a.5A 
c. 0.7 A 

b.0.5A 
d. 7 A 

10. A group of electric lamps having a total power rating 
of 1000 W is supplied by an AC voltage E 
= 200 sin (3101+60°) 

Alternating Current 10.17 

Then the nns value of the electric current is 

a. lOA 

c.20A 

~JO.J2A 
d20.J2A 

• 
11. When 100 V dc is applied across a solenoid, a current of 

1.0 A flows in it. When 100 V ac is applied across the same 
coil, the current drops to 0.5 A. If the frequency of the ac 
source is 50 Hz the impedance and inductance of the 
solenoid are 

a. 200 Q and 0.55 H 

c. 200Qand 1.0H 
b. lOOQandO.86H 

d lOOQandO.93H 

12. An inductive coil and resistance of 100 Q. When an ac signal 
of frequency 1000 Hz is freed to the coil, the applied voltage 
leads the current by 45°. What is the inductance of the coil? 
a. 2mH b. 3.3mH 

c. 16mH d ..[5 mH 

13. In the circuit shown in Fig. 10.39, what will be the reading of 
the voltmeter V3 and ammeter A? 

,: . 
L C R - 100 n 

a. 8(X)V,2A 

c. 220 V, 2.2 A 

300 V V 

220 V, 50 Hz 

Fig. 10.39 

b. 3(x)V,2A 

d lOOV,2A 
14. In the circuit shown in Fig. 10040, R is a pure resistor, L is an 

inductor of negligible resistance (as compared to R), S is 
a 100 V, 50 Hz AC source of negligible resistance. With either 
key K l alone or K2 alone closed, the current is If). If the 
source is changed to 100 V, 100 Hz the current with KI alone 
closed and with K2 alone closed will be respectively. 

~s 

K, 

R L 

/>----.'----~ 

Fig. 10.40 

b. [0,2/0 

10 
d 2/0'2 

15, For the circuit shown in Fig. 10041 the ammeter A2 reads 
1.6 A and ammeter A3 reads 0.4 A. Then 
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10.18 Physics for IlT·JEE: Electricity and Magnetism 

4 
a. 000 = .fij5 

2. 
h f, = .fLZ 

L 

Fig. 10.41 

c. the ammeter A I reads 1.2 A 
d the ammeter Al reads 2A. 

16. In the circuit shown in Fig. 10.42. The rims currents I I' 
I, and 13 are altered by varying the frequency f of (he 
oscillator. The output voltage of the oscillator remains 
sinusoidal and has a fixed amplitude. 

I 

p 

Q 

R 
°o~~--~L---~I 

Fig. 10.42 

Which curves in figure Indicate correctly the variation with 
frequency of the current f l , 12, and 13? 

a 
h 
e. 
d 

II f2 13 

Q 
R 

Q 
Q 

Q 
Q 
p 

R 

Q 
Q 
R 
P 

17. 1\vo resistors are connected in a series across 5 V nns source 
of alternating potential. The potential difference across 6 0: 
resistor is 3 V",. If R is replaced by a pure inductor L of such 
magnitude that current remains same, then the potential 
difference across L is 

L 

~ 

R 6n 

L--_--{-~)--__ -' 
5V 

Fig. 10.43 

a. IV h2V 
c.3V d4V 

18. In the circuit shown in Fig. 10.44, ifboth the bulbs BI and B2 
are identical 

I-_L~'~'~Orm~H ____ -(® ~B~' __ ---1 

~"}------

220 V,50Hz 

Fig. 10.44 

a. their brightness will be the same 
h B2 will be brighter than B I 
c. as frequency and that of B2 will decrease 
d only B2 will glow because the capacitor has infinite 

impedance 
19. A rigid conducting wire bent as shaped is released to fall 

freely in a horizontal magnetic field which is perpendicular 
to the plane of the conductor. If the magnetic field strength 
is B then the emf induced across the points A and C when it 
has fallen through a distance h will be 

,r ,r x x x X 

Fig. 10.45 

a m-J2gh h BfJih 

e. 2Bf Jih d 2Bf-J2gh 
20. Figure 10.46 shows a source 0'£ alter;~ating voltage 

connected to a capacitor and a resistor. Which of the 
following phasor diagrams correctly describes the phase 
relationship between fe' the current between the source and 
the capacitor, and 1 R' the current in the resistor? 

Fig. 10.46 

Ie ___ Ie h -I, 
~-

a. b. e. d. 
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21. A sinusoidal alternating current of peak value 10 passes 
through a heater of resis tance R. What is the mean power 
output of the heater? 

I ' R 
a -'-

2 

e. h2R 
22. Power factor is one for 

a. pure resistor 
c. pure capacitor 

b. pure inductor 

d. ei ther an inductor or a capacitor. 
23. A resistance o f 20 0: is connccted to a source of an 

alternating potential V= 220 5in(100 m). The lime takcn hy 
the current to changc'from thc peak value to rillS valuc, is 
u. 0.2 s b. 0,25 s 
c. 2.5 X 10- 3 S d. 2.5 X 10-) S 

24, In LCR circuit current resonant frequency is 600 Hz <lnd 
half power points arc at 650 and 550 Hz. The quality factor is 

1 1 
a. - b. -

6 3 
c. 6 d. 3 

25. An nc voltage is represented by 

E= 220.fi cos(50a)f 

How many times will the cummt become zero in 1 s? 
a. 50 times b. 100 times 
c. 30 times d. 25 tirnes 

26. A resistor and an inductor are connected to an aC supply of 
120 volt and 50 Hz. The current in thccircuit is 3 A. Iflhe 
power consumed in the circuit is 108 W, then the resistancc 
in the circuit is 
u.12.Q b.400 

c. J(52 x 28) 0 d. 360 0 
27. An ac ammeter is used to mcasure currcnt in a cirr:uit. When 

a g iven direct current passes through the ci rcuit. the :U.: 
ammeter reads 3 A. When another alternming current passes 
through the ci rcuit, the ae ammeter rends 4 A. Then the 
rending of this ammeter, if de and ne now through the circui t 
simultaneously, is 
a 3A 
c. 7 A 

b.4A 
d.5A 

28. A transmitter transmits at a wavelength of 300 m. A 
condenser of capacitance 2.4).1 F is being used. The value Ill' 
the inductance for the resonant circuit is approxim<ltely 
s, 10-4 H b. 10-6 H 
c. 10- 8 H b. 10-10 H 

29. A cap<lcitor of capacitance I ).IF is charged to a potential of 
I V: tt is connected in pmlllle l to an inductor of inductance 
lO- l H. The maximum current that will now in the circuit 
has the value 

a . ./IOOOmA 
c. I).IA 

b. I rnA 
d. 1000 mA 

30. Using an nc vnltmeter, the potent ial d ifference in the 
electrical line in a house is rend tiJ be 234 v. If the line 
frequency is known to be 50 cycles/second, the equation for 
th·~ line voltage is 

a. V= 165sin(100m) 
I:L V= 331 sin (100 m) 
c. V=220sin(lOOm) 
d V= 440sin(IOO7l1) 

Alternating (uHent 10.19 

31. An inductance and a resis tance are connecJed in series with 
an ac potential. In this circuit 
a. The current and the p.d. across the resistance lead the 

p.d. across the inductance 
I:L The current and the p.d. across thl! resistance lag behind 

the p.d. across the inductance by an angle al2 
c. The current and the p.d. across the resis tance lag behind 

the p.d. across the inductance by an angle /r 
d The p.d. across the resistance lags behind the p.d. across 

the inductance by an angle al2 but the current in resistance 
ICt1ds the p.d. across the inductance by al2 

32. A resistor and :t cap<lcitor arc connected 10 an ac supply of 
200 V, 50 Hz in series. The current in the circuit is 
2A. lft hepowcrconsumed in the circuit is 100 wall , then the 
resistance in the circuit is 
a. loon h 25n 

c. J I25X75 n d 4000 

33. In the Q. 32, the capacitive reactance fn the circuit is 
a. loon b. 25n 

c. Jl25 x 75 0: d 400n 
34. In the Q. 32, the capacitance in thecireuit is 

100 25 
a -- F h -- F 

100 /r lOO/r 

J 125 x 75 
IOO/r F d F 

lOOaJI 25x75 
35. In a series LCR ~ i rcuit the voltage ' across the resistance, 

capacitance and inductancl! is 10 V l!ach. Ifthecapaci tance 
is short circuill!d, the voltage across the inductance will be 
a. IOV h IOV 
c. (lO/3)V d 20V 

36. An ideal choke takes a cu rfC!nt of 10 A when connected to an 
ac supply of 125 V and 50 Hz. A purc resistor under thc same 
conditions takes a current of 12.5 A. If the two arc connected 
to an nc supply of 100 V and 40 Hz, then the current in series 
combination of above re~istor and inductor is 
a. lO A b. 12.5A 
c.20A d25A 

37. A direct current of 5 A is superimposed on an alternating 
current I =10 sinon now;ng through a wire. The effective 
value of the resulting current will be 

a. (15/2)A b 5./3 A 

c.5 .J5A dl5A 
38. An ideal choke takes a current of8 A when connected to an 

ac supply of IOOV and 50 Hz. A pure resistorundcrthesamc 
conditions (akcs a current of 10 A. If the two arc connected 
to an ac supply of 150 V and 40 Hz, then the current in a 
series combination of the above resistor and inductor is 
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10.20 Physics for IIT.JEE: Electricity and Magnetism 

a lOA h 8'A 

c.18A d (151-fi) A 
39. In the Q.38. lhe total current through a parallel combination 

o f the resistor and the inductor when connected to an ac 
supply of 150 V and40 Hz is 
a.1 5A b. 30A 

c. zero A d 151..fi A 
40. In the cireuit of Fig. 10.47 the (mt) volt with W= 2000 rudls. 

The amplitude of the current will be nearest to 

:roV.o. t (} 

S mH,4 0 SOlJ. f 

• 00 0 I----.J 
Fig. 10.47 

a2A 
c. 2/15 A 

b. 3.3 A 

d . .J5A 
41. An rms voilage of 11 0 V is applied across a series circu it 

having a resistance II n and an impedance 22 Q. The power 
consumed is 
a, 275 W 
c. 550 W 

b. 366 W 
d. ! IOOW 

42. In the given circuit in Fig. [0.48, Vc=50 VandR= son. The 
values of C and VR are 

c 
]lOV 

'" 60 Hz 
R - SO n 

Vc - SO V 

v, 

Fig. 10.48 

a. 3.3 mF, 60 V b. 3.3 IlF, 98 V 
c. 1.6 IlF, 30 Y d. 2 IlF, 60 V 

43. A 220· V. 50 Hz ac genera tor is connected to an inductor und 
a 50 n resistance in series. The current in the circui t is 1.0 A. 
What is pd across inductor? 
a. 102.2 V 
c. 213.6 V 

b. 186.4 V 
d. 302 V 

44. An 8 IlF capacitor is connected across 220 Y, 50 Hz line . 
What is the peak value of charge through the capacitor? 
a. 2.5 x 10-3 C b. 2.5 X 10-4 C 
c.S x l(rsC d 7.5x I0-2C 

45. A dc ammeter and a hot wire ammeter are connected to a 
.:ircuit in series. When a direct current is passed through 
circuit, the de ammeter shows 6 A. When ac current n ows 
through circuit, the ac ammeter shows 8 A. What wi ll be 
reading of each ammeter, if de and ac currents now 
s'imuJtaneously through the circuit? 
a . dc=6A, ac= lOA 
b. dc=3A,ac=5A 
c.dc = 5A, ac=8 A 
d.dc=2A,ac=3A 

46. A coil hasan inductance of 0.7 H and isjoined in series with 
. a resistance of 220 n. When the ac emf of220 V is applied to 

it, find the wattless component of current in the circuit. 
a. 0.2 A b. 0.4 A 
c. O.SA d. 0.7A 

47. An ac is given by equation 1= I lcosau + 12 sin au. The nns 
value of current is given by ; . 

II + / 2 n (II + 12 )2 
a - -

-fi 2 

1~ c' ..fi II + 12 d. 
12 + /2 
-'- -' 

2 
48. A typical light dimmer used to dim the stage lights in a 

theatre consists of a variable induction for L (where 
inductance is adjustable between zero and 4,,,,,) connected 
in series with a light bulb B as shown in Fig. 10.49. The mains 
electrical supply is 220 V at 50 Hz, the light bulb is rated at 
220 V, 11 00 W. What LJMX is required if the rate of energy 
dissipated in the light bu lb is to be varied by a factor of 5 
from its upper limit of 11 00 W? 

a O.69H 
c. 0.38 H 

L 

to mains 

Fig. 10.49 

n O.28H 
d. 0.56 H 

49. A coil has an inductance o f 0.7 Hand is joined in series witfi 
a resistance of220 O. When an alternating e.m.f. of220 V at 
50 cps. is applied to it, then the wattless component of the 
current in the circuit is 
a. SA 
c. 0.7 A 

b.O.SA 
d. 7 A 

50. Two alternating voltage generators produce e.mJ.s of the 
same amplitude Eo but with a phase difference of tr/3. The 
resuilant emf is 
a. Eo sin(a.lt + tr/3) b. Eo si n(wt + tr/6) 

c. J3Eosin«(J)I +tr/6) d. J3Eo sin(0JI+1f12) 
51. For the cireuit shown in Fig. 10.50, current in inductance is 

0.8 A while in capacitance is 0.6 A. What is the current 
drawn from the source? 

L 

. "" 
h 

C 

I , 

V 

-
Fig. 10.50 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



n. 0.1 A 
c. O.6A 

h 0.3/\ 
d 0.2A 

52. If tl. direct current of value a ampere is superimposed on an 
alternative current I = b sin@tflowingthrougha wire,what 
is the effective value of the resulting current in the circuit? 

d, 

, + 
J f-"'I-+-'--1 

Fig. 10.51 

53. Determine the rms value of a semi-circular current wave 
which has a max. imum value of a. 

• o 
Fig. 10.52 

a (I/.fi)a 

c. )(2I3)a 

h )(3/2)a 

d (l /.fi)a 

54. An alternating voltage E = 200.fi sin( 100 t) V is connected 
to a I mF capacitor through an ac ammeter. What will be the 
reading of the ammeter? 
a. 40mA 

c. 30mA 

b. 20mA 

d IO/.fi rnA 
55. Which vollmeter will g ive zero reading at resonance? 

L 

f-----1 v'~----1 

a VI b. V2 
c. VJ d None 

56. A 50 W, 100 V lamp is to be connected to un ac mains of200 
Y, 50 Hz. What capacitor is esscntial to be put in series wi th 
the lamp ? 

25 50 F a -~F h 
.fi n.fi ~ 

50 100 
c. .- !IF d -~F ./2 . n.fi 

Alternating Current 10.21 

57. A capacitor of lO mF and an inductor of I H are joined in 
series. An ac of 50 Hz is applied to this combination. What is 
the impedance of the combination? 
a. 28/1l'O h 14I1l'O 
c. IOI1l'O d 2011l'O 

58. If i I =3 sin alt and i2 = 4 COS@I, then i3 is 

a. 5sin(@t+53°) 

c. 5 sin(@t+45°) 

i, 
• 

Fig. 10.53 

b. 5 sin(wt +37Q) ~ ,, ~ 

d Ssin(wt+53
Q
) 

59. An alteriiming e.m.f of angular frequency (w= k ) is 

applied to a series in LCR circuit. For this frequency of the 
appliede.mJ. 
a. The circuit is at 'resonance' 
h The current in the circuit is in phase with the applied 

e.m.f. and the voltage across R equals this applied c.m.f. 
potential differences 

c. The sum o f the potential difference across the inductance 
and capaci tance equals the applied e.m.f. which is 1800 
ahead of phase of the current in the circuit 

d Impedunce of the circuit is less than R 
60. AnLCR series circuit with 100 n resistance is connected to 

an ac source of2oo V and an angular frequency 300 radians 
per second. When only the capacitance is removed, the 
current lags behind the voltage of 60°. When only the 
inductance is removed, the current 1C<lds the voltage by 60°. 
Then the current and power d issipated in LCR circuit are, 
respecti vely 
a lA,200V 
c. 2A,200Y 

b. IA,400 V 
d 2A,400V 

61. When an AC source of e.m.f. e = Eo si n ( l OOt) is connected 
across a ci rcuit , the phase difference between the c.m.f. e 
and the current i in thc circuit is observed to be 1l'14 as 
shown in Fig. 10.54. If the circuit consists possibly only of 
R-C or R-C or L-C series, find the relationship between the 
two elements. 

j 

Fig. 10.54 

a R= I kQ,C= 10~F b. R= I kO,C= I IJ.F 
c. R= I kn,L = 10 H d R= 1 k!l, L= I H 

62. A bulb is rated at 100 V, 100 W, and it can be treated as a 
resistor. Find out thc inductance of an inductor (callcd choke 
coil) that should be connected in series with the bulb to 
operate the bulb al its ruted power wilh the help of an ac 
source of 200 V nad 50 Hz. 
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10.22 Physics for IIT·JEE: Electricity and Magnetism 

a. ~ H h lOO H 

c. -Ii H d. ,J3 H 
~ ~ 

63. An ae source of angular frequency OJ is fed across a resistor 
R and a capacitor C in series. The current registered is I. 
If now the frequency of source is changed to OJ/3 (but 
maintai ning the same voltage), the c urrent in the circu it is 
found to be halved. Then the ratio o f reactance to resistance 
at the original frequency OJ is 

a. .j3/5 b. .J5i3 
c . .J2i3 d. ,J3i, 

64. In ac circuit the potential differences across an inducl<lnce 
and resistance joined in series arc respectively 16 V and 
20 V. The total potential difference across the circuit is 
a.20V b. 25.6V 
( .31.9 V d. 53.5 V 

65. Curren! in an ac circuit is given by 1= 3 s inOJI + 4 COSOJf . 

theo 
a. rlns value of current is 5 A. 
b. mean value of this current in one half period will be 611t. 
c. if voltage applied is V = VIII sin ill /then the circuit must be 

containing resistance and capacitance. 
d. if voltage applied is V = V", sin (1)/, the circuit may contain 

resistance and inductance. 
66. A current source sends II current I = io cos(a»). When 

connected across an unknown load gives a voltage output 
of. v = Vo sin(illt + 1f14) across that load. Then the voltage 
across the current source may be brought in phase with the 
current through it by 

Fig. 10.55 

a. connecting an inductor in series with the load 
b connecting a capacitor in series with the load 
c. connecting an inductor in p<tralle l with the load 
d connecting a capacitor in parallel with the load 

67. In the circuit shown in Fig. 10.56. Xc = lOO n , XL = 2oo0 and 
R = 100 n. The effective cu rrent through the source is 

a 2A 

c.O.5A 

Fig. 10.56 

U 2J2A 

d • .JOA A 

68. Ir the readings of 1' \ and 1'2 arc IOU Veach, the reading of 

\'.' is 

.. .. 
a OY 
c. 20()"V 

t. R C 

~ 
200 V, 50Hz 

Fig. 10.57 

h lOOV 

d cannot be determincd by given information. 
69. For an LCR sl!ries circuit with an ac source of angular 

frequency ill, 

I 
a. circuit will be capacit ive if ill > r.;; 

.,LC 
I 

b. circuit will be inductive if ill = r;-;:: 
.,LC 

c. power factor of circuit will be unity if capacitive reactance 
I'quals inductive r(' ,lcl!U1ce 

I 
d cu rrent will he leading volt,lge is ill > r.;; 

.,LC 
70. The va llll! of currelll ill two ~eric~; LCReircui ts at resonance 

is same. When connected across a sinusoidal voltage source. 
Then 
a. both circuits must be having same value of capacitance 

and inductor 
b. in both c ircuits ratio of Land C will be same 
c. for both the circuits XJXc must be same at that frequency 
d both circu its must have snme impedance at all frequencies 

71. [n series LCR circuit voltllge drop across resistnnce is 8 V. 
across inductor is 6 V and across capaci tor is 12 V. Then 
a. voltage of the source will be leading current in the circu it 
b. voltage drop across eilch clement will be less than the 

applied voltage 
c. power factor of circuit will be 4/3 
d None of thcse 

7'1.. [n n blaek box of unk nown elements (L, or R or any other 
combination), an ac voltage £:= Eo sin (OJI + tP) is applied and 
current in the c in:uit WllS found to be I = io sin ((Qi + ~ 
+ 1114). Then the unknown clements in the box may be 

, 

Fi~. IIl.SK 

a. {'oty "ar,ll'iwr 
h. inductor ,mt! n .. 'shlm buth 
c .... ithcr ~·apat· itor, resis tor and inductor or only capaci tor 

anu resistor 
(L on ly resistor 

73. The voltage time (V./) graph ror triangu lar wave having 
pcak value. Vo is as shown in Fig. 10.59. 
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Fig. 10.59 

The rms value of Vin time interval from t = 0 to TI4 is 

h Vo 
2 

d None of these 

74. In the ques tion 73, the average value of voltage (V) in one 
time period will be 

a Vo 
h 

Vo 

-J3 2 

c. Vo dO 
J2 

75. What reading would you expect of a square-wave current, 
switching rapidly between + O.S A and-O.S A, when passed 
through an ac ammeter? 
aO 
c.0.2SA 

h O.SA 
d 1.0A 

76. The capacitor of an oscillatory circuit is enclosed in a 
container. When the container is evacuated, the frequency 
changes by SO Hz, the dielectric constant of the gas is 
a. 1.J b. 1. OJ 
c. 1.001 d 1.(X)) I 

MuLtiple Correct 
Answers Type SOllitiollS all page 10.39 

1. In an ac circuit shown below in Fig. 10.60, the supply voltage 
has a constant rms value V but variable frequency f. At 
resonance, the circuit 

R 
000 

IlIr )lF 1/11' 11 

Fig. 10.60 

. b V a. has a current I gIven y: I = 
R 

h has a resonance frequency 500 Hz 
c. has a voltage across the capacitor which is 180" out of 

phase with that across the inductor 
V 

d has a current given by I = r~~~~~7 

R2 + (~+~r 

Alternating Current 10.23 

2. Resonance occurs in a series LCR circuit when the 
frequency of the applied emf is 1000 Hz. Then 
a. when frequency = 900 Hz, then the current through the 

voltage source will be ahead of e.m.f. of the source 
h. the impedance 9f the circuit is minimum at! = 1000 Hz 
c. at only resonance the voltages across L and current in C 

differ in phase by 180" 
d if the value of C is doubled resonance occurs atf = 2000 

Hz 
3. If R, C, and L be the resistance, capacitance, and inductance 

in the circuit in which ac of frequency fis set up, then which 
of the following have the dimensions of R? 
•. fC b·fL 
c. I1fC d. Llf 

4. Which of the following statements are true? Heat produced 
in a current carrying conductor depends upon 
a. the time for which the current flows in the conductor 
b. the resistance of the conductor 
c. the strength of the current 
d the nature of current (ac or dc) 

5. A choke coil of resistance 5 Q and inductance 0.6 H is in 
series with a capacitance of 10 f.lF. If a voltage of 200 V is 
applied and the frequency is adjusted to resonance, the 
current and voltage across the inductance and capacitance 
are 10, Yo, and VI' respectively. We have 
a./o=40A h. Vo = 9.8kV 
C. VI = 9.8 kV d. VI= 19.6 kV 

6. In the circuit shown in the Fig. 10.61, ifboth the bulbs BI and 
B2 are identical 

L=IOmH 

220 V. 50 Hz 

Fig. 10.61 

a. their brightness will be the same 
h B2 will be brighter than BI 
c. as frcqucncy of supply voltage is increased, brightness of 

BI will increase and that of B2 will decrease 
d only B2 will glow because the capacitor has infinite 

impedance 
7. In an RLCseries circuit shown in Fig. 10.62. the readings of 

voltmetcrs VI and V2 are 100 V and 120 V, respectively. The 
source voltage is 130 V. For this situation mark out the 
correct statcmcnl(s). 

v 

Fig. 10.62 
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10.24 Pllysiu for JIT-JH: Electridty and Magnetism 

a. Voltage across resistor, inductor and capacitor are 50 V, 
86.65 V and 186.65 V, respectively 

h Voltage across resistor, inductor and capacitor are 10 V, 90 
V and 30 V, respectively 

c. Power factor of the circuit is 2-
13 

d The circuit is capaci tance in nature 

Assertiol1.-Reasoning 
Type , Solutions on page 10.39 

a. Statement I is True, Statement IT is True; Statement II is 
correnct explanation for Statement 1. 

h ·Statement I is True. Statement II is True; Statement II is NOT 
a correct ex.planation fo r statement 1. 

c. Statement I is True. Statement II is False. 
d Statement I is Paise. Stateme nt II is True. 

1. Statement I: By only knowi ng the power factor for a given 
LCR circuit it is not possible to tell whether the applied 
alternating e.m.f. leads or lags the current 
Statement II: 

cos 8 = cos (- fJ) 

2. Sta tement I: In the purely resistive element of a series LCR, 
AC circuit the maximum value of rms current increases with 
increase in the angular frequency of the applied e.m.f. 

Statement II : Inou.= e~ •. Z "" ~Rl +( wL - a.:cr 
where I",u is the peak current in a cycle. 

3. Statement I: In a series LCR circuit, at resonance condition 
power consumed by circuit is maximum. 
Statement II: At resonance condition the effective resistance 
of circui t is maximum. 

4. Statement I: In series LR c ircuit voltage leads the current. 
Statement II: In series LC circuit current leads the voltage. 

5. Statement I : Average value of fie over a complete cycle i .~ 

always zero. 
Statement II: Average value of ac is always defi ned over 
half cycle. 

6. Sta tement I: In series LCR c ircuit resonance can take place. 
Statement II : Resonance takes place if inductance and 
capacitive reactance lire equH1. 

7. Sta tement I: KVL ru le is also bc ing lIpplied in ac circuit 
shown below. 
St. ... tementII: 

8V 

~_---{~) ____ ....J 

Vein thecireuit "" 2V. 

V '" IOV 

Fig. 10.63 

8. Sta tement I : ac generators lIrc bosed upon EM I pri nci ple. 
Statement II: Resistance offered by eUpn(; ilOf for alternating 
current is zero. 

9. Statement I: Rate of heat generated when resistance is 
connected with ac source depends on time. 
Statement II: RMS voltage may be greater than maximum flC 

voltage. 
10. An inductor, capacitor and resisllmce connected in series. 

The combination is connected across ae source. 
S tatement I: Peak current through each remains same. 
S tatement II: Average power delivered by source is equal to 
average power developed across resistance. 

11 . Statement I: In an alternating current. direction of motion of 
free electrons changes period ica lly. 
Statement II: Alternming current changes its direction after 
a certain time interval. 

12. Statement I: When frequency is greater than resonance 
frequency in a series LCR circuit, it will be an inductive circuit. 
Sta tement II: Resultmt voltage will lead the current. 

13. St atement I : When capacitive reactance is smaller than the 
inductive reactance in LCR circuit, c.m.f. leads the current. 
Statement II: The phase angle is the angle between the 
altermlting e.m.f. and alternating current of the ci rcuit. 

14. Statement I: An alternati ng current shows magnetic effect. 
Statement II : Altefl tati ng current varies with time. 

15. Statement I: The dc and lie both can be measured by a hot 
wire instrument. 
Sta tement II: Thc hot wire instrument is based on the 
principle of magnetic effect of current. 

16. Statement I: In a series Rl..C circuit if YR' VL and Vc denote 
rills voltage across R. L and C rcspectively and Vs is the rms 
voltage across the source, then Vs = VR + VL + Vc-

R L C 

= Fig. 10.64 

Statement II : In ac ci rcui ts. Kirchhoff '~ vo ltage law is 
correct at every instant of time. 

17. S ta tement I: The elec\(oslatic energy stored in capacitor 
plus magnetic energy stored in inductor will always be zero 
in a series l..CR circuit dri ven by ac voltage source under 
condit ion of resonance. 
Statement II : The complete voltage of <lC source appears 
across the res istor in a series LeI? circuit driven by ac 
voltage source under cond iti on of resonance. 

(oll.1pr~hension 

Type 

For Problems t - 3 

Solutions on pllge /0040 

If the voltage in an ac circuit is represented by the equation, 

V"" 220.fi sin(3 141 - ¢). calcul ate 

I. rills value of the \loltnge 
a. 220 V 

c. 220.fi V 

h 314 V 

(l 200/../2V 
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2. average voltage 
a 220Y 

c. 2201Ji V 
3. frequency of ac 

a 50Hz 

c. 50lJi Hz 

For Problems 4-5 

Consider the Fig. 10.65. Find 

h 622JlrV 

d 22O.fi. Y 

h50 .fi. Hz 

d 75Hz 

Fig. 10.65 

4. the average 

a l~1 
~Ill d [Vo.fi.[ 

5. rms value for the saw-tooth voltage of peak value Vo 

a l h vo.fi. 

d vo,/3 

For Problems 6-7 

The half cycle o f an alternating signal is shown in Fig. 10.66. II 
increases uniformly from zero at 0" to F WI at a", it remains constant 
from a" to(180- d)". and decreases uniformly from F", at 180". 

A 8 

, , , . 
F : F. , F .. : 

, , , 
:r: , , 
, : E ID 

0 , . (It"-a) 
r-t 

Fig. 10.66 

6. The effective values of the signal is 

a FmJRfj 
c. F.~(I- !~) 

7. The average values of the signal is 

C 

d (21r+ a)F 
2,. m 

AltematiOij Current 10.25 

For Problems 8 - 9 

y 

8 

, T 2T 
Time ___ 

Fig. 10.67 

8. The average value of the wave-form shown in Fig. 10.67. 

a. 15 .fi. b. 1O.fi. 
c. 10 d. 15 

9. The rms value o f the signal is 

a. IO~ 
c. 1O.fi 

For Problems 10-11 

b .!'!. 
' ,/3 

d. 10,/3 

A 0.2 1 H inductor and a 12 n resis tance are connected in series to 
a 220 V, 50 Hz ac source. 

to. The current in the circuit is 

a.~A 
,/4492 

c. '/4492 A 
220 

b.~A 
'/4492 

d. '/4492 A 
311 

n. The phase angle between the current and the source voltage 
;, 

For Problems 12-13 

d -, (4,.) . cos -
7 

When 100 V de is applied across a coil, a current I A flows 
through it when 100 V ac of 50 Hz is applied to the same coil, 
on ly 0.5 A flows. 

12. The resistance is 
a. 200 n 
c. lOon 

13. The inductor of coil is 
a. 5.5 H 
c. 0.55 H 

For Problems 14 - 17 

b.50n 

d. 50,/3 n 

b. 1.1 H 
d. 2.5 H 

A box P and a coil Q are connected in series with an ac source of 
variable frequency. The e.m.f. of the source is constant at 10 V. 
Box P contains a capacitance of I ~F in serie~ with a resistance of 
32 n. Coi l Q has.a self inductance of 4.9 mH and a resis tance of 
68 Q in series. The frequency is adjusted so that maximum 
current flows in P and Q. 
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to.26 Physics for IIT..JH : Electricity and Mag~ti!>lll 

jllllF 32~14.9mH 6Bn 

II i:: 'R,! "r 'k; 
B~P CoilQ 

Fig. 10.68 

14. The impedance of P at this frequency is 
a. 770 h 360 c.400 

15. The impedance o~ Q at t~is frequency is 

a. 200 n ,b. A350 n c. 55 n 
16. The voltage across f is 

s.12V b.7.7V c. lOV 
17. The vollage ac~ss Q is 

a. 20V 

c. 5.5 V 

For Problems 18 - 20 

b. ~1350 V 
10 

~9524 V d. 
10 

d 1250 

d. ~9524n 

d. 24 V 

A series LCR circuit containing a resistance of 120 n has angular 
resonance frequency 4 x lOS rads- I. At resonance the voltages 
across resistance and inductance are 60 V and 40 V, respectively. 

18. The value of inductance L is 
a. 0.1 mH b. 0.2 mH c. 0.35 mH d. 0.4 mH 

19. The value of capacitance C is 

I ' 1' 
a. - ).lF b. -).lF 

32 16 
c. 32 J.1F d 16~ 

20. At what frequency the current in the circuit lags the vollage 
by 450 ? . 
a. 4 x 105 radls 
c. 8 x 105 radls 

For Problems 21-22 

b. 3 x 1O~ rad 
d. 2 x lOS radls 

A current of 4 A flows in a coil when connected to a 12 V dc 
source. If the same coil is connected·to a 12 V, 50 rad/s ac source 
a current of 2.4 A fl ows in the circuit. 

21. The induClance of the coil is 
a. 0.02 H b. 0.04 H c. 0.08 H d. 1.0 H 

22. The power developed in the circuit of a 2500).lF capacitor 
that is conne...ted in series with the coil is 

a. 432 W 
25 

For Problems 23 - 24 

h 123
W 

, II 
c, 230

W 
13 

232 W d -
15 

An inductor 20 x 10-3 H, acapocitor I OO~Fanda resiSlor500are 
connected in series across a source of e.m .f. V = .J a sin 314 t. 

23. Then the energy dissipated in' the circuit in 20 minutes is 
a . 952 J b. 900 J c. 250 J d. 500 J 

24. Jf resistance is removed from the circuit :md the value of 
inductance is doubled. then the variation of current with 
time in the new circuit is 

a. 0.52c08 314 t 
c. 0.52 sin (3 14 t + tr/3) 

Matching CoLumn 
Type 

b. 0.52 sin314 
d None of these 

Solutions on pogt 10,43 

1. In column I, variat ion of current I with time t is given 'in the 
figure. In column II, root mean square current lrrm and average 
current is given. Match the column I with corresponding 
quantities given in column II 

COOmmI ColumitIi: 

p. 1 
, I ;, 

.: a. rm$= J3 
",/\ ' 
o . / t 

Tn\ /T 
- I '-""' 

q. i 

r. 

I, ~ /\ 

oV \ / 
_Ij, mv T 

;0 ----: :--, , , , 
o '--"';'="';'-;o--~I I :m :T , , , , 

S. 1 

10 ----; ;---, , , , 
o 1-"";" .--;',---~, ' 

Tn T 

b. average current for 
positive half cycle is io- .' 

" 

c. average current for 

positi ve half cycle is ~. 

d Full cycle averagecurrent 
iszeto. 

2. Four different circuit components are given in each si tuation 
of column I and all the components are connected across an 
ac source of same angular frequency (J) = 200 fad/s. T he 
information ·of phase difference between the current and 
source voltage in each situation of column I is given in 
column n. Match the circuit components in colu mn I with 
corresponding results in column II 

Column! ColumnD 

~ -'VWv---I1- a. The magnitude of required 
'00 500 jlt' phase d iff~nce is trn. 

0} '010' h The magnitude of required 
SH phase difference is tr14. 

r'~f- c. 1be current leads in phase 

4H 3.' 10 source voltage. 

s.~ d The current lags in phase 

!kO SH to source voltage. 
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'. "':'- '. ..- . ,~ 

3.ln series R·L-C circuit. R=100Q.C= 100 J.tF. and 

" 
L = 100 mH, is connected to an ac source as shown in 

4 
Fig. 10.69. 

L 

220 V,SO Hz 

Fig. 10.69 

c 

The rms value of ac voltage is 220 V and its frequency is 50 
Hz. In column I some physical quantities are mentioned 
while in column II information about quantities are provided. 
Match theenlries of col umn [ with the entries of column II. 

CoIumnI CoIumnn " 

Il Average power dissipated ~ zero 
in the resistor is 

q. Average power dissipated h non-zero 
in the inductor is 

r. Average power dissipated c. ltl) 

in the capacitor is 
s. RMS voltage across the d 185.6 

capacitor is 
, 

" . 4. Cor.slder all possIbIli tIes (L R C are non-zero) , , 

CoIumnl , CoIumnn 
po In L-R series AC circuit a. current lags inductor 

" . , voltage by "2 
" '1 ' 

, 
q. In R-C series AC circuit , h current lags voltage by .. 

" 
.:: 

an ·angle less than "2 :;~ 
, 

r. In L-C-R series AC circuit c. current leads voltage by 
, 

" an angle less than -
,2 

. s . In purely resistive AC d current and voltage are 
circuil in phase 

, 
.. , 

Alternating Current 10.27 

S. In column r some ac circuits with meter readings are given 
and in column II some circuit quantities are given. Match the 
entries of column I with the entries of column II. 

Columnl Columnll 
.-

~ . I. -®- '·1 a. VR= 1·50 V 
I . , 

. '1'0 H' 

'-<.!)!-

~ 

, • 
2SOV 

v1 - ISS.II V; Y, - 200 V 

~ r:c@-l h VL =50V 

000 

~ 

250 V • VI "' t SQV 

r, -0- c. Vc=250V 

-0- , 

, I . 0" 
.[,. 

~ 
, 

2S0 V 
VI " ISS. 11 V; Vz - 291.6 V; 

V) " ISOV • . ' .. l\ , 

"@ 
-, d P0werfactor ofthe 
'.~ 

J 
" ci!",Cuit is 3/5 'd", , '/, 

~ & 
" 250V " 

, , 

=======ANSWERS AlIID SOLUTIONS=~===== 

Subjective Type 

1. The required values can be found by using either graphical 
method or analytical method. 

Graplt.ical method: 

The average value can be found by averaging the function 
froflll = 0 to 1 = I in parts as shown in Fig. 10.70 

Jl (t) 

4 

Fig. 10.70 
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'10.28 Physics for IIT-JEE: Electri city and Magnetism 

Average value of J(t) 

I T I 
' = T Io 1(1)d(= T x (net area over one cycle) 

Now, areaofa right-angled triangle 

= .!. x (base) x (altitude) 
2 

Hence, area of the triangle during t = 0 to (= 0.5 s is 

I I I I 
AI= -x(6t)x(-2)=-x- x -2=--

2 2 2 2 
Similarly, area of the triangle from t =0.5 to t = I sis 

I I I I 
A2 = -x(&)x(+2) =- x - x2= -

2 2 2 2 

NctareafrOill't=Otot=O.1 sis 

I I 
AI+A2= --+-=0 

2 2 

Hence, the average vallie of l(t) over one cycle is zero. 
For finding the rms value, we will first square the ordinates 
of the given function and draw a new plot for 12(t) as shown 
in Fig. 10.70. It would be seen tlult the squared ordinutes 
form u purabola. 
Area under a parabolic curve = (1/3) x base x altitude. The 
area under the curve from I::: 0 to I = 0.5 sis 

I 2 I I 2 
AI= - (61)><:2 =-x-x4=-
332 3 

Similarly, for t = 0.5 to f= 1.0 s, 

I I I 2 
A2 = -(6r) x4=-x-x4=-

3 3 2 3 

Total area 
2 2 4 

=A I +A2=-+-=-
3 3 3 

nns value = 
II r---~c-
~ r J2{I)dl =~averageof/2{t) 
rlo 

rms value = ' g=115 V3 . 
2, In such cases it is difl1cult to develop 11 single equation. 

Hem:e, it is usual to consider I wo equations, one applicable 
from 0 \0 I and another from I to 2 ms. 
For t lying between 0 and I ms, Vj = 4. For flying between 
I and2ms,v2=-4t+4. 

VmN = ~(J>tdf+rvidt) 

, I [J" J' , 1 V~m':::"2 0 4 dt+ I (-4t+4) dl . 

= ~[116f~ +II~'I: +1I6f l ~ -1 3~'n 

= - J6+----+16 x2-16xl I[ 16x8 16 
2 3 3 

_32 x4 + 32Xl']= 32 
2 2 3 

. (32 
Vrn .. = '13 =3.265 V 

Vav = Hf~v,d(+rV2dt] 

:= ~[J~4dt+ r(-4t+4)dt] 

= ~[1411~ + 4;' +4{J = I V 

3. Here, time of 1 cycle T= 1/50 s. So, we have to calculate the 
average energy as time» T. 

Energy consumed in time I 

, 
V = VMR I 

2Z' 

= (50)2+(314X20XIO-3
- I --6)' 

314xlOOxIO 

= '/3153.6. 56 Q 

Energy consumer = 
10

2 
x50x20x60 :=9511 
2x3153.6 

When resistance is removed, 

R H 
cos ¢ = - ", 0 or, ¢;= -

Z' 2 

. Z'::: _1 __ wL' = __ 1 __ _ 314 x 40 x 10-3 
wC 314 X 10-4 

= 19.3 

L R c 
000000 

L-----~'~r-----~ 

Fig. 10.71 
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1= ~Sin(mt+¢)= 1~~3sin(314t+~) 
:= 0.52cos314t 

4. From the j - t graph (Fig. 10.31), area from t = 0 to t = 2 s 

1 
2'X2X 10= IOAs 

5. 

6. 

10 
... average current = "2 = 5 A 

21r/1lJ 

f 1m sin Mdt I ( 2"] ! I-Cosw(O' 0 

2n/aJ 

It can be seen graphically that the area of i -I graph of one 
cycle is zero . 

... <i>inonecycle=O. 

I 

Part A Part B 

Fig.lO.n 

Figure 10.72 shows two parts, A and B, each half cycle. In 
part A we can see that the net area is zero 
... < i> in part A =0. 
In part B, area is positive hence in this part < i > '# O. 

tr/ (I) 

f l",sinCOtdtl ~(I_coswtr] 
7 . co,-_-;-c__ aJ aJ 2/", 

• I. <i>= tr/aJ = tr/aJ =-;;-

3,,/20) 

f l",sinaJIdt 

... .x~/'~''-~ __ = 0 11.<1> =-
"/'" 

, 
fidt 1 

8. <i>= _0 -= 2..fi= fSin(m+!£]=~ 
I 0 4 tr 

Alternating Current 10.29 

3Jrj2(1) 

f I,~, sin 2 aJldl 

" .x~"~."----c __ _ ii.<i>=\j 
"/'" 

Note: 

The rms valuesformte cyCle ant! half cycle (either positive 
half cycle or lIegative half cycle) is the same. 
From the above two cases ,',te that for sillusoidal 
fUllctiolls rills value (also called effective value) 

peak value 1m 
.fi or .f,,,,. = J2' 

10. The equation can be written as i = 2 sinlOOnl + 2 sin(IOO m 
+ 120°) 
so the phase difference ¢= 120°' -

= JAj2 +Ai +2AjA2 eos¢ 

so the effectivc value or rms value = 2.fi/ = .fi A 

200./2 2 D 
= ..fi ..fi cos (30°)= IOOv6W 

12. ComparingE= 200..fi sin(IOO 1) with E= EosinaJf,'we find 
that, 

Eo= 200..fi V and w= lOa (rad/s) 

So. 
1 1 , 

x= - = =Ion 
c we 100xlO-6 

As ac instruments reads fms value, the reading of ammeter 
will be, 

i.e., 200..fi = 20 rnA 
.fi x 104 

10' 
13. Xc= 100 loon. 

-(2n50) 

" 

•• do Xc 1 
II. tan oy = - = 

R 
... ¢=45" 

... f 1 Ill. Power actor = cos ¢= ..fi 

iv. Current I = Vrn" = 200 =..fi ¢ 
nn. Z 100.fi 

[ . Eo} 
as Ern" =,_Fz 
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10.30 Physics for IIT·JEE: Electricity itf1~ Magnetism 

" Maximum currentlrm • ..fi = 2 A 

vi. Voltage across R"= VR.rms[rmsR= ..fix100V 

vii. Voltage across C= V C.rm.=lrm,XC= ,fi x lOOV 

viii. Max voltage acrossR = .,fi,vR,rm, =200 V 

ix. Max voltage across C= --,fi V e,rms = 200 V 

x. <P>= Vrms1rmscos ¢=2oox..fix ~ 2OOW, 
,,2 

xi. <PR>=1;".R=200W 
xii. <Pe>=@ 

14. a. jet) = [m sin(ml+ ¢) 

= 12 'sin(2Jt50 t + 45°) 

h vR=iRxR=i(t)R 

::; ..fi x 100 sin(100 m+45°) 

c. ve(r) = ieXe(with a phase lag of 90°) 

= ..fi x 100 sinO 00 m + 45 - 90) 
15. According to the given problem, 

and. 

V V 
1 = - = ---,,------'-c-c= 

Z [R2+(l/Cm)2]112 

[ V 

'2 = O[R""+-(=3-:-' C"",-)"'"]''''' 
Substituting the value of [from equation (1) in (2), 

,,;(, I) 2 9. 1 3 2 
4 R + ---r2' = R + ---r2" I.e., 22 = - R 

Cm Cm em S 

(~R'r=@ 
R 'is 

So that, !..-= (l/Cm) 
. R R 

9 
16. HereXL = mL=2Jt/L=2Jrx50x ~ =90: 

So, Z= ~R2+X/ =~122+92=lSO: 

V 225 
(a) 1= -=-=lSA 

Z 15 
So 

(I) 

(2) 

(b) ¢~tan~l(i ) = tan~!(~2)=tan~!3/4=370 
i.e., the current will lag the applied voltage by 37° in phase. 

17. When the coil is connected to a dc source, the final current 

\ 

is decided by the resistance of the coil. 

10 ,= -=40: 
2.5 

When the coil is connected to ac source, the final current is 
decided by the impedance of the coil . 

Z= 10 =So: 
2 

But Z= )(r/ + (XL)2 XL
2=S2_42=9 

XL =3.Q. 

wL= 2Jr/L=3 

.. 2Jt50L= 3 
L= 3/looJrH 

18. From the rati~g of the bulb, the resistance of the bulb is 
, 

R= Vrms = 1000: 
P 

200 V, 50Hz 

~ 
L R=JOon 

Fig. 10.73 

For the bulb to be operated at its rated value, the rms current 
through it should be lA 

Also, 
Vm • 

1 =-
~ Z 

200 
1 - r"""'="''''''''=c=c; 

- )1002 + (2,,50L)' 
L= -f:i H 

" 
19. As for the arc lamp VR = 1R = 10 x S = SO V, so when it is 

connected to 160 V ac source through a choke in series, 

and as, 

So, 

L 

Arc lamp 

,1/ , / 

V"-~'+I ~. -v,,-_ 

L---v~'}---

V= Vo sin 100 

Fig. 10.74 

v2 =vl+vl, VL=~1602-S02 =152V 

VL = 1XL =lmL=2Jt/Ll 

VL lS2 ~2 
L= 2R/I= 2'xRx50xlO =4.84xlO H 

Now the lamp is to be operated at 160 V dc; instead of choke 
if additional resistance r is put in series with it, 

V= [(R + r), i.e., 160= IO(S + r) 

i.e., r= 11 0: 

In case of ac, as choke has no resistance, power loss in the 
choke will be zero while the bulb will consume, 

P= [2R= 102xS=SOOW 
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-- ---, .. . 

However, in case of de as resistance r is to be used instead 
of choke, the power loss in the resistance r will be. 

PL= 102 x 11 = llOOW 

while the bulb will still consume 500 W, i.e., when the lamp is 
run on resistance r instead of choke more than double the 
power consumed by the lamp is wasted by the resistance r. 

Objective Type 

1. b. E= )1202 + 1602 

10= ,JI44 + 256 - 10~400 V = 200 V 

I 
2.8. VC""jandVLC<.j 

3. c. The period of sinusoidal voltage, T = OA s. 

I I 
f~ T= 0.4 = 2.5 Hz 

Nlags Mby 0.1 '$ which is equivalent to(.Q:.!)2ffor!!.. rad. 
0.4 2 

Thus, the lead of N over M is -!!.. rad. 
2 

4. a. The equivalent primary load is 

R[= (:~J R2 =eloJ (6,0)=24000 

Current in the primary coil 

= 220= 240 =O.lA 
RI 2400 

S. a. Here. VL = V c- They are in opposite phase. Hence, they 
will cancel each other. Now the resultant potential difference 
is equal to the applied potential difference 

= 100V 
Z=R 

_ Vrms _ Vvnn _ 100 
4,. - Z - R - 50 

=2A 

6. c. According to the given question, 

wL 11 coC 
tan600= - andtan600=--

R R 
wL= (l/wC)(case of resonance) 

Now Z~ ~R2 +( wL - a:cJ =2 

Rrms 200 V 
1"",= z= loon , =; 2,(,-

7. d. Time for reaching maximum or peak value from 0 

TIl I 
= - =- x-s= - , 

4450200 

I, 
[min= lOA,lmin= J2 = !O 

1,= IO./2A 

= 14.14A 

8. b. Given that Eo = lO V, t= _1_, 
600 

Alternating Current 10.31 

E = Eo cos 2trnt 

= lOCOS[21rX50x6~J 
= lOcos (tr/6) = lO (.J3 12) 

= 5.fjV 
9. b. Wattless component of AC 

= Iv sinB= Ey sinB 
Z 

200 OJL 
= J R2 + w2 L2 X -~7R~,~+~",~2~L~2 

200 x wL 
= 

(R2 +O}L2) 

OJL= O.7x2px50 
Hence, wattless component of AC 

200 x (0.7 x 2"x 50) 
= 

(2202 + 2202
) 

I 
= - =0.5A 

2 
10. b. Power= Eolo cos; 

or 1000= (2000 X/ol2)cos 600 

Solving, we get: to = 20 A 

.. I = 3".. = 10./2 A rm, .fi 
11. a. In case of dc, OJ= 0 and hence Z=R. 

E 100 
Z=R=-= - =1000 

I I 

forAC: Z= (R2+(21rnLl] 112 

or 200= [(l00)2+(I00trLll '12 

Solving, we get L = 0.55 H 

12. c. Clearly, 
'j - • 

XL=R 

or Lx2x 3.14x 1000= 100 

_ 100 H 
or L._ 2 x 3.14 x 1000 

( .,' z :=. IOO:='200n) 
0.5 

= 15.9xlO-3H=15.9mH=16mH. 
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10.32 Physics for IIT..JEE: Electricity and Magneti sm 

13. c. Voltage across Land C cancels out. 
So, voltage across k is 220 V. 

Again, 10 = ~: A = 2.2 A 

14. a,At50Hz,Lw=R,At lOOHz,Lw=2R. 
So the current remains unchanged in R. However, it becomes 
halfinL. 

15. c. The current of 1.6 A lags e.m.f. in phase by ~, The current 
2 

of 0.4 A leads e,mJ. in phase by ~. So, these two currents 

are 1800 out of phase with each other. 

:. Net current, II = (1.6 - OA).A = 1.2 A. 

16. d. Reactance of the inductor 0 is given by XL = 2fffL. 

:. rms current through the inductor L is 12 

V 1 
= -- ~ -I where V IS the rms of the supply vol tage. 

21(fL 

Reactance of the capacitor C is given by Xc = _ 1_ 
2fffC 

:, rms current through the capacitor is 

, V 
13 = -=2trfCVocf 

Xc 
The total currentll is given by I] = 12 + 13 

= (~-2"ICV) ' 2"IL 
Thus, 12 is best represented by curve R. 

13 is best rep.resented by curve P. 

I I is best represented by curve Q, 

17. d. V"r.l6w)= 3V=61v :./v ", O.5A 

1 5 
Iv = - = ,XL =8,Q 

2 ~62+xl 

Now, 
1 

VL = Iv' XL ='2X8 = 4V 

18. b. Let II and 12 be currents through BI and Bl then 

I] X ~R2 x xl = 220 

~R2 X X~ 
~R2 +xi "" 

R2 + (~J 
.JR2+L2w2 

R'( 1 J' JL~+~5~OO~X~IO~~~X~2~"~X~5~O~ 
= JR2 +(lOxlO-3X2;rX50)2 

= .JR2+40 I.JR 2 +9.S7./2 >/1 

Bulb B2 will be brighter. As frequency increases, Xc 
decreases XL increases. 12 becomes less, I] increases, 
:. brightness of B I will increase and that of B2 decrease, 

19. c. The effective length 

l' = )e'+e' = Jif 

B 

A 

'"' 
90' 

Fig. 10.75 

c 

E= Bf ,=BJi f)2gh = 2Bl.Jgh 
20. c. Since the capacitor is connected in series to the resistor, 

the current Ie from the supply and IR through the resis tor is 
in phase as represented by choice (a). 

21. b. Root mean square current of the sinusoidal waveform, 

10 
1 = Ji' 
Power output of the heater, 

P= 12R=(5ir R= I~R 
R 

22. c. Power factor = I 
.fR2 + LaJ - -

Cw 

F I · ·· · L 1 0 or a pure y resIstIve CirCUit, W - - = 
Cw 

:. power factor = I. 
23. d. Both B and I are in the same phase. So, let us calculate the 

time taken by the voltage to change from peak value of rms 
value. 

Now, 220 = 220sinlOOm l 

. " 1 or lOOm l = - or 1)=-' 
2 200 

Again. 7z = 200sinl00m2 

Jz = sin 100m2 or 

I 
'2 = 400 S 

Required time = 11 - 12 

1 I 2 - 1 1 
= ---=-- = . -, 

200 400 400 400 

=2.5 x lO-3 s 

24. c. Quality factor 

=~= 600 =600=6 
fz - fi 650-550 100 
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25. a. E= Eo COSWf 

tV=51r 

2nv= 5011' => v= 25Hz 

In one cycle ac current becomes zero twice. 
Therefore, 50 times the current becomes zero in I s. 

26. a. In an ac circuit, a pure inductor does not consume tilly 
power. Therefore, power is consumed by the resistor only. 
.. p= R2vR 

or 108= (3)2R 

or R= 12!l 

27. d. Quantity of heat liberated in the ammeter of resistance R 
i. due to direct current of3 A = [(3)2R1J)] 

ii. due to alternating current of 4 A = [(4l RIl] 
Total heat produced per second 

(3)' R (4)' R 25R 
= --+--=--

J J J 
Let the equ ivalent alternating current be I virtual A, then 

12R 25R 
-= -

J J 
or 1= SA 

28. c. A= 300m 
C= 3x108m/s 

C 3 x 10' 
Frequency n = - = - - = 106 Hz 

.l 300 
Resonance frequency , 

II = =2-".,fLC7cLc" 

or 

or 

Here 

=.,fLC= -'-2,," 
LC= - '-

4tt2n2 

C=2.4xlO-6F 

L= 1 
4tt2 (106

) X 2.4 X IO--<i 

i!I 10-8 H 

29. a. Change on the capacitor. 

Here 
or 

Now 

qo= CV= I X 10-6 X I = lO-6C 
q = qo sinOJt 
10 = OXJo = Maximum current 

1lI= -'-=-'_ =(JO~ln 
.,fLC JIO-9 

10 = (109)ln X (1 x 10-6) 

= ,.1'000 m A 
30. b. E= Eo sinOJt 

voltage read is rrus va lue. 

.. Eo= ..{i x 234V = 331 V 

and OJt= 2R71t=2nx50xt 
= 100m 

Alternating Cur/t nt to.33 . 

Thus, the equation of the li ne voltage is given by 
E= 331 sin(lOOm) 

31. b. Here inductance and resistance are connected in series. 
We know that in the ease of resistance, both the current and 
the potential difference are in the same phase. In case of 
inductance, when current is zero, potential difference is 
maximum and when current reaches its maximum value ut 
{J)( = nn. the potential difference becomes zero. Thus, the 
potential difference leads the current by ttl2 or current lags 
behind the potenti al difference by 1r12. 

32. b. In an ac circuit, pure capacitor does not consume any 
power. Therefore, power is consumed by the resistor only. 
.. p= J~2R 

or 100 = (2)2R , 
or R=25!l 

E 
33. c. Impedance Z = -!:. 

I, 

But 

z= 200 = lOon 
2 

or c~r=Z2 - R2 
= (lOO)2 - (25P= 12'i x 75 

= - '- =J125X75 ax:: or 

:. Capacitive reactance 

34. d. 

Here 

I 
-= J125X75 ax:: 

I 
-= J'25x75 ax:: 

c" ~,00;;;-:1T~.J~12C'5~X"'7~5 
W= 2ml 

= 2l1"x 50 radian/sec 

C= , F 
lOO1CJ125x75 

35. b. Here R =XL =Xc (:. voltage across them is same) 
Total voltage in the circuit, 

V = I[R2 + (XI. _ XC)2] 112 

= IR = JOy 

When capa.citor is shOlt circuited, 

/'_ [0 _~ 
- ( ' ,)112 - ..fiR 

R + X/< 

• 
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10.34 Physics for IIT.JEE: Electricity a.nd Magnetism 

... Potential drop across inductance 
= IXL=IR=lOV 

36. a. R=125=lOn 

or 

12.5 
y 125 

XL = OJL=2trnL= - =
I 10 

= 125 
2ttnL= 12.5 

2ttL= 12.5 =0.25 
50 

XL = 2ttLxn = 0.25 x40 

=lOn 
Impedance of the circuit 

Z= ~R2 + xi =10J20 

100.J2 
.. Current = ---e: = lOA 

10,,2 

37. b.Givenl = 5+ IOsinwt 

But as 

and 

[IT ]'" 
12dt I _ _ 0 __ 

off - IT 
o dt 

[
I T ]'" = Tio (S+lOsinl1lt/ dt 

[
I T ] '" = T 10 (25 + 100sinwt + loosin

2 Wt) 

I T 
~I sinwrdt =0 
T 0 

I IT I - sin OJtdt =
T 0 2 

38. d. Foran ideal choke, Iv = Ev 
O)L 

_ c'l",OO,,-
8= lOOttx L 

L= ~H 
8~ 

For a pure resistor, 

1= Ev or 10= 100 
"R R 
R= IOn 

When connected in series: 

~,;;,E"~ 1 - c 
,,- ~R2+(WL/ 

150 = r==~':';;;:"~"", 
(10)2 +(21l'X40X8~r 

150 15 
- --A 
- )(10)' + (10)' - .J2 . 

39. d. The resistor and the inductor are connected in parall,el.II 
and 12 are the currents through the ideal choke and .th~ pure 
resistor. There is phase difference of tr/2 between 
I] and 12, Hence the resultant current I is given by 

Now 

and 

40. a. 

Since 

41. a. 

42. b. 

I=~I?+li 
Ev ISO 

/ 1= -= lSA 

wL (8~)X21l'X40 
E. ISO 

12= -= - =lSA 
R 10 

)1,' + Ii = )(15)' + (IS)' A = 151.J2 A 

Lw= 5 X 10-1 x2000 = IOn 

_1_= 1 = 100 11 =100 
SOxlO-6 x2000 10 CO) 

I 
Lw= 

LO) 
Z = R = 6+0.10 +4 = 10.1 11 

E 20 
10= - =-A",2A 

Z 10.1 

E R 
p= E"I" cos ¢; p= E,, - " 

R Z 

p= E~R = llOxllOxllW = 27SW 
Z2 22x22 

V~+ V~= y2 

S02+ V~ = ll<f! 
V~= 1102_S02 

VR = ~1l02 _S02, 

R 

Fig. 10.76 

Then, Iv = 

VR = ~160 X60=98V 

~160X60 
50 

(:. R=50nj 
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Also, 
98 110 

.. 50 )502 + X~ 

Flux Xc and now using Xc = ~c' we get 

C= 3.3!!F 

E 220 
1= -,1= -,2=2200 

2 2 
43. c. 

Z2=R2+xl • ... XI. = )Z2 _R2 

L= ~)22_R2 
IV 

L= _1_..JZ2 _R2 = O.68H 
2nj 

VI.= OJU=2;rxO.5xO.68xl 

= 213.6 V 
1 1 

Xc= wC "" 2;rx50x8xlO-6 =3980, 44. a. , 

Yrms= 220V, Ypeak =..fi x 220 

= 311V 

qrms = Yrms C = 1.76xlO~3 C 

qPC:ak = ..fi qrrns =1.76xlO-3 x-fi , 
= 2.5 X 10-3 C 

45. a. Resultant current is superposition of two currents, i.e., 
I (instantaneous total current) = 6 + 10 sin wt 
de ammeter will read average value 

= 6 + /osinOJI =6 

ac ammeter will read 

= ~F'(=6=+=I=,='=in~2=IV=,"")2 

(:. losinwl - 0) 

= )36 + 12/0sinOJl+/5sin2wt 

(:. losinwt-O) 

Since sin2mt = .!.. and Irnu = 8 = .!.sL 
2 .fi 

:. ac reading 

= )36 + Ii =.J36+64=iOA 

46. C. XI.= coL = 2trjL= 220Q 

¢= tan-I(X') = tan-J 220 = 450 
R 200 

1 = E = 220 

)R2 + xi ~(220)2 +(220)2 

Wattless component of current = I sin¢ 
1 . 

= -fi sin 450 = 0.5 A 

Alternating Cu rrent 10.35 

47.c. 1= I } cOSOJt+/2 sin COt 

(I2),nean= 112 cos2 0Jt+li sin 20Jt +2/}/2 coslVtsinOJl 

2 I 2 I = II X2" + / 2 X 2" +2/1 / 2 x O 

(/2 +/2)1 12 
I - I 2 
"ns - ..fi 

48. b. For power to be consumed at the rate of 

1100 = 220W 
5 

We have P = EJv cos() 

where R= y2 = 220
2 

=44Q 
P 1100 

(220)2 x44 

442 + (LOJ}2 
220= 

442+(Lw?= 220x44 

(Lw)2 = ~220x44 -442 

= .)44(220 44)=)44 xI76=880 

L=~=~=~x~ 
2trxj 2Jl"x50 2x22 50 

= 0.28 H 

49. b. Wattless component of ac 

so. c. 

. B E,. B ::: I sm = - sm , 2 

= 220xL(.() = 0.7X2 X 22X50 
(R2+L2w2) 7 

= 220x(0.7x2trx50)=220Q 
(2202 + 2202

) 

1= 220x220 =.!.. = 0 .5 A 
2202 (2) 2 

EI = Eo sin OJ(; E2 = Eo sinew! + nJ3) 

E=E2+E I 

= Eo sin(wl + Jd3) + Eo sin UJ! 

= Eo [2 sin (OJ( + tr/6) cos(nl6)] 

=.J3 Eo sin(wl +tr/ 6) 
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10.36 Physics for lIT .JEE: Electricity 'nd Magnethm 

.51. d. If an ac source E = Eo sinax is applied, across an inductance 
and capacilllnce in parallel, the currenfin inductance will lag 
the applied voltage while across' the capacitor will lead. and 
so, 

le= .r... sin( aJt+!!.l=~0.6COSwt 
Xc 2 

So the current drawn from the source 

1= h + l e =- 0.2 cos Wt 

1/01= 0.2A 

.52. d. As current at any instant in the circuit will be 

1= Ide + luc =o + b sin WI 

11dt 1 T 12 ~ =[-f (0+bsinwddt1 
[ 

T J" 

i.e., 

but as 

aod 

leIf= fo dt T 0 

1 IT . - Slnwtdt = O 
T 0 

1 iT 1 - sin2 (f)tdt =
T 0 2 

So, leff= [02 + ~b2 J'2 
53. c. Theequation of a semi-circular wave (shown in Fig. 10.52) is. 

r+I=02 or, 1 =02_x2 

lrms"" 1-f+" idx 
2a -. 

1 'I'" I .... 2 2 I 2 X 
= - f (a dx - x )dx= - a x-~ 

20-" 20 3 -. 

127 
Irm:.= '13 = 0.816a 

54. b.ComparingE=200..fi sin (IOOt)withE=Eosinwt, we find 
that 

Eo= 200..fi V and tV= 100 (radls) 

So, X __ 1_= =104 0 
c- ax:; 100x10-6 

And as ac instruments read the nns value, the reading of 
wnmeter will be 

I = Erm.. =~ 
mil Z J2xc 

[as 

So, 

E - E" 
,rms - ..fi and Z=Xc ] 

55. d. At resonance, the series combination of L and C gives 
zero impendance. 
At resonance, the voltages across L and C are equal but 
opposit in phase. 

56. h 

v2 1002 
As resistance of the lamp and R =...L = -- = 200 n. The 

W 50 

V 100 1 So he hi ' . max.currem/=- = -=-A. w nl e amplspulm 
R2002 . 

series with a capacitance and run at 200 Vac, from V = IZ, we 
have 

V 200 
Z= -=-= 4000 

J (1/2) 

Now as in case of C - R circuil, 

Z= ~R'+(.:cJ' 
ie , II' + (.:c)' = 160000 

or,(a:cr"" 16x104 _(200)2 = 12 x 104 

_1- = .Ji2 x 102 
IVC 

c= 1 F 
100lf X .Ji2 x 102 

100 50 
c= =1lI'= r. = 9.2 Ill' 

8,,12 1tv3 
57. h. Here,XL =ooL = 2ajL=2lfx50x I = 100 ltD: 

1 1 1 10' 
X = - =--= = -0 

c we 2trfC 2lfx50x lO x lO--6 If 
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So. 

So. 

i.e., 

10' ,["'-'0] X=Xt.-Xc ... IOOJr--;-=to -"-11 

Z+~R2+X2 = IXI=lD2[lD-;.86]n 
'4 Z ... -0=4.47{1 

" 58. a. From Kirchhoff's current law, 

1)= fl +f2 -3sinau+4sin(cut+900) 

• J3 2 + 42 + 2(3)(4) cos 90° sin (cut + ¢) 

451n 90° 4 
where tan (J. =-

3+4c05900 3 

f,= Ssin(cut+S3°) 

59.b.e-£osinan 

If I = f", sin(a. -;) then 

vc = (a:c)t", sin(tut- ¢-tr/2) 

And vI. iii (cuL) f", sin(t2)t - ¢ + tr 12) 

So, vc+ vI. + vll = E1l sin CUt 

O+vR-E1lsinaJt 

VR'" E1l sin lI)t , 
wL--

also tan;= R (JJC -0,50 j,.jlllsinaJt 

Hence answer is (b), 

,. ~"( -"'-L---",-'c-)""+-R-'- = R 

60. d. When capacitance is removed 

.,L 
tan 0= -- or wL ... lOOtan60° R . 

When inductance is removed , , 
tan;= or-- =IOOtan60° 

(IlICXR) IlIC 

So t= R= 1000: 

/= vIR=200/100=2A 

Power p= /lR=4 x lOOZl400W 

61. a. Current leads e.m.f. so the circuit is R- C. 
tan; 0:::. Xc I R, ¢= 4.5°, R= 10000, W= 100 
Co? 

Since tan 4.5° = ..1... So C = 10 ~F. 
IlICR 

(0) 

(ii) 

Alternating Current 10.37 

62. d. From the rating of the bulb, the resistance of the bulb can 
be calculated. 

~ 
L R-l00Q 

F'g.10.77 

For the bulb to be operated at its ruted vulue the rms current 
through it should be I A. 

Also, / ... Vou• 
~ Z 

1_ 200 . 
- JlOo' + (2"50L)' • 

63. a. According to the given problem, 
V V 

/s Z =:-:( R",-C+-;;(I';' C::",-C)"''"J''''' 
, V 
'2 '" (R2 + (3/ CaJ)2]112 and, 

(0 

(ii) 

Substituting the value of I from equatio~ (i) in (ii), we get 

i R2 ++) = R2 +--i--r l Ccu Cal 

_'_= ~R2 
C2aJ2 5 

-R' (
3 l'" So thut ~= (Ileal) = 5 ~ fI 

R R R Vs 
64. b. VrTN = ~162 +202 = 25.6 V 

65. c. j = 3 sin a.r+ 4 cos ax 

= .5[~sinwt+~COSQ)f] = 5!sin(tVt+8)] 

5 
=.fi nnsvalue 

" J idl 

Mean value = ~ 

f dt 

" :. The initial value is not given hence the mean value will be 
different for various time intervals. If voltage applied is 
V = V m sin Wt then / given by equation (i) indicates that it is 
ahead of V by 0 where 0 < 0 < 90 which indicates that the 
circuit contains R 8t;ld C. 

i 
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10.38 Physks for IIT-JEE: Elect ricity and MagnetIsm 

66. a. II = 110 sin «(1)1 + n 14) = 110 cos «(1)1 - n14) 

Fig. 10.78 

Since Vlags current, an induclor clln bring it in phase with 
current. 

67. b. 
I" 

I, 

200 V """ R 
( tOO) 0 

Fig. 10.79 

V 200 
IH= ·-=-=2A 

R 100 

1'= V =~= 2A 
XI. - XC 100 

1= ~/l+ I " =2./2 A 

68. c. Resultant voltage = 200 Y 

C(Xc- IOO O) 

L(Xt- 2OO O) 

V .. 200 

Since V1llnd V3 1lre 1800 out of phase, the resultant voltage 
is equal to V2. 

: . V2 = 200 V. 

69. c. The ,circuit will hnvc inductive nature if 

0» _1- (O)L > _1_) 
.JLC .JLC 

Hence (a) is fulse. Also, if circuit has inductive nature the 
current \·,i11 lllg behind voltage. Henee (d) is also false. 

If tV = ~ (O)L = _1_) the circuit will have resistance 
, LC OJC . 

nature. Hence (b) is fal se. 
R 

Power factor cos tP = I = 1 

VRZ +( tVL-~ r 
It (I)~ =_I_. Hence (c) is true. 

O>C 
70. c. X.L = Xc at resonance 

& = I for both circuits. 
Xc 

. R IR 8 4 
71 d.Smce cos8=-=-=- =-• , ZIZI05 

(Also cos 9cnn never be greutcr than 1) 

Hence (c) is wrong. 
Also 1Xc > IX L ~ Xc > XL 
:. current will be leading. 
In an ~CR circuit. 

v= ~(VL-VC)2+ v~ =~(6_12)2+82 
V = 10; which is less than voltage drop IICroSS capacitor. 

72. c. Ifwe have 11 11 R, ~ Ilnd Cthen I vs. Ewill be 
To obtain a lending phllse difference of td4. 

IXc 

E 

Fig. 10.80 

If XI. < Xc nnd we use ull R, ~ and C in the circuit, then the 
resultant graph will be 

I (Xc -Xt) 

IR "'-____ E 

Fig. 10.81 

which can gi ve a leading phasedifferenee of !rI4. 
Similarly, if we have only rcsisUlnce and capacitor then we 
clln obtain a phase difference of trl4 (leading) for suitablc 
values of I. Xc- and R. But we cannot obtain a leading phase 
difference of td4 if we use only capacitor (phase difference 
of trf2), or only (inductor and resistor) (phase difference 
trI2). or only resistor (phase difference of 0). 

73. a. 

I . V= ~t· V = 4Vo t 
T I 4 • T 

V",..;= ~< V2 > = 4~o..J<i> 

4Vo =-
T 

T 

I wli 

Tl4 J /2d/ 

.i--
T" I dl 
o 

'" 

74.d. < V>=-%-=O 

I dl 
o 
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75. b. 

(O.S),R G)+(0.Sl2 R(~) =1' ~RT 
I 

orlrml= ZA=O.5A 

76. b. 
I I 

/= "2-",;-iL-C-o 
and/ - SO = 2".,fLC 

Given!= 100,000 Hz 

I-SO rc;; 
Hence -/- = ,/C 

K=g, =(/:J=101 
" .,'. 

Multiple Correct 
Answers type 

\I:Ii;l .,-tll:1 ,(!,' >Jj;I~<.J\.:, il ,1~:j 
, 'f{ -';::/:.1 ~',\ ~ .(,;:l:J,i:i_: f' I'-I~; ,:d .. ;:~ 
: • .f;~"";>\;';,{,.,~,:.'"~ ' ;''' ,,'- ,'.~", .. ".,., .... ' 

Z = R at resonance 

Ev= /vR ~ 

XL=Xc 

E, 
Iv =

R 

111= ~ ="xIO' 
'It, 

I 
2. a., c. When! = 1000, (J)= we = WL 

we 
Flg.10.8Z 

When!= 900, _1- > WL and current leads voltage hence it we 
behaves like capacitive Vc and LL differs by It 

3. b.,e. 

R R R di 1 
VI(dildt) ='V dt = dt =/ - = 

L 

I V j 1 - = - =-=-=/ RC Rq q t 

I I 

JiG = ';[(VdtldilX(dqIVl] 

I I 
= ,j[(dt 1 d;J x (dit dtl] = dt = f 

4. a.,b.,c. 

H=/2RtI4,2 (Heat produced in a conductor, is 
independent of the nature of current. If the current flowing 

Alternating Current 10.351 

in a conductor changes its direction, then also heat being 
produccd in it wi!] not change). Hence, (a), (b) and (c) are truc. 

S. a.,b.,e. 
The frequency 

1(1 J ~ 
/= 2;r{ic =21rV~ =65Hz 

The current at resonance is 

10= 200V =40A 
SO 

The quuntity Vo = I~R2 + (fJJL)2 

= 40~2S+(0.6x2nx6Sl2 =9.8kV 

V = _1 __ 40xlO~ =9.8kV 
1 eve 2KX65 

6. b.,e. 
Let 11 and 12 be currents through Bl and B2· 

Then II x ~R2 + x~ = 220 

12 -= 
I, 

= 

SOI2>/1 

~R2 +x~ 
~R2 + xl 

..(ii2;4D 
,jR2 +9.87 

= 
~R2+(l/wCl2 
~R2+(WLi 

Bulb B2 will bc brighter than B1. As the frequency increuses, 
Xc decreases while XL increascs, so 12 becomes less thun II' 
Hence the brightness of B 1 will increase and that of 8 2 will 
decrease. 

7. a.,e.,d. 

Let voltage ucross resistor, inductor and capacitor be V H' V l. 
and VC' rcspectively. 

Then, vi + vf = Vj2 

And, V;+Vl=V2 

VR =50V, VL=86.650V 

IVL -Vc I=V2 => Vc =186.65V 

Power factor of the circuit is 

VH 50 5 
cos¢ = -=-=

VL 130 13 

As Vc > Vl.' so the circuit is capacitative. 

Assertion-Reasoni ng 
Type 

;" ':.,, :,(/" i!. .. in' ',~ ,t-:o; 
I ':" ".:~:~ '~\'At 

1. a. For certain values of cos r9(powcr factor) two values of r9 
are possible. One is positive the other is much negative. 
Accordingiy,'theapplied c.m.f. may lead or lag. 
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10.40 Physics for IIT-JEE: Electricity and Mag ne tism 

2. d. The mmdmum value of rms current = Ems = Ems. It docs 

not depend upon OJ. 

3 P. VI cos¢ 
. e."~ 2 

At resonance condition cos ¢ = I 
ButZ= R 

Which is minimum. 
4. b. LR circuit 

WL 
R • 

N ---------

Fig. 10.83 

CRc ircuit. 

---------
Ylre 

R 

Fig. 10.84 

S. b. For hulf cycle Imelill = 0.636/0 

or Emenn = 0.636 Eo 

Z R 

• V 

" 

v 

Avcrugc value is always defined over a hulf cycle cause in 
next huH' cycle it will he opposite in direction. Hence for 
one complete cycle, uveruge vulue will bc zero. 

6. n. At resonant frequency 
XL=Xc :.Z=R(minimum) 

Therefore, current in thc circuit is maximum. 
7. c. Voltuge will be added vectoriully. 

I 
8.c.Xc=-

"'c' 
OJ¢OareaforAC. 

, y, 
J /2df 

/ rill ' 
, -,-,- = 
f <it 
0 

2trlw 

f 15 sin2 OJldl 

" 2trlll) 

f dt 
0 

I" 
,fi 

9. c. Rute of heat generated depends on time. 
10. b. A.verage power consumed by capacitor or inductor is zero. 
11. b. Motion of electron is random with drift velocity opposite 

to the direction of current. 
12. a 

v , 
I : 1'""''--''-'-_",,' .... I 

v, 
vc 
Fig. 10.85 

I 
X X OJL- -

13.c.tnn¢= I. - c = 0Jc 
R R 

When XL > Xc then tun (jJ is positive, i.e., ¢ is positive 
(between 0 and aJ2). Hence e.m.f.lends the current. . 

14. h. Like direct current, ulternating current u1so produces 
magnetic field. But the magnitude and direction ofthc field 
goes on changing continuously with time. 

15. c. Both ac lind dc producc heut. which is proportional to 
squurc of the current. The reverslIl of direction of current in' 
ac is immaterial so far liS production of heat is concerned. 

16. d. Stntement 1 is false because the given relation is true ifaJt 
voltages are instnntuneous. 

17. d. In resonnnce condition whcn cncrgy ncross cupncitor is 
muxitnum, energy stored in inductor is zero, vice versn is 
also truc. Hence, statement 1 is a fnlse. 

Comprehension 

Type 

For l'roblcms 1 - 3 

1.11.,2.b.,3.u. 
Sol. 1. As in clIse of IIC, 

/0 I = O.2AaV =Vosin(OJf -(jJ) 

The peak value Vo = 220.fi = 311 V 
nnd as in case of ac, 

" Vnn, = A; Vn1\~ = 220 V 

2. In case of nc, 

Vav = ~Vo=~X311=198.17. V 
H " 

3. Ascv=2trj,2a/=314i.e., j= 314 =50Hz 
2XH 

For Problems 4 - 5 
4. b., 5.H. 
Sol. 4.As the equntion of the saw-tooth wave shown in Fig. 10.65 

will be 

JTt2 

o Vdf _~JTI2 (2t _) 
TI2 - \Ii) 1 dt 

J df T . O. T . 
o ' 
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i.e .. 

v = 3. Vo ['C!..J=1 Vo I aV r 422 

5, v = [I: V'dl]'" = Vo [rT(41' _ 41 +1)dIJ'" 
!TN f: dt JT Jo T2 T 

i.e., 

i.e., 

For Problems 6-7 

6. a., 7. b. 

Sol. For finding the average value, we would find the total area of 
the trapezium und divide it by ;r(as shown in Fig. 10.66). 

Area = 2 x tJ.OAE + rcctnngle ABDE 

= 2X(lf2)XFma+(;r-2a)F,1I = (tr-a)F", 

Average value = (;r-a)Fm f;r 

rms value: From similar triangles, we get 

1.. = F,,, or y2 = F;' (i 
8 a ' a2 

This gives the equation of the signal over the two triangles 
OAE and DBC. The signal remains constant over the angle a 
to (;r - d), i.e., over an angular distance of (;r - a) _ a 
= (,,- 2a). 
Sum of the square 

21':' ra , ( 4") = a;' Jo (j d8+F,;(Jt-2a)= F;' ;r-T . 

The mean value of the squares 

= .!F.2(1l'_~)= F.2(1_ 4a) ;r III 3 /11 3;r 

rms valus = F,,, J( 1- ::) 

For Problems 8-9 

8. d., 9.a. 
Sol. 8.The slope of the curveAB is BClAC=20fT. Next, consider 

the function y at any time t. It is seen that 

DE BC 10 -=-=-AE 
(y-IO) 

AC 
10 

= -
T 

T 

. (10) Y= 10+ T t 

Alternating Curren~ 10.41 

This gives us the equation for the function of one cycle. 

Yavl = - ydt=- 10+-1 dt I IT 15T
( 10 ) 

TOT 0 T 

I rTf 10 ] II 51'I
T 

= -), IOdl+-dl =-101+- =15 
TO T T T~ 

9. Mean square value 

= fI: ldl= I:(IO+~I)' ~, 
_ '!Y(100 + 100 I' + 200 I) 
- TJO T2 T 

= 1.11001+100(3 +IOO(2I
T 

= 700 
T 3T2 T 0 3 

rms value = 1O·J7f3 = 15.2 

For Problems 10-11 
10. b., 11.8. 
Sol. Here, 

So, 

So, 

ond 

XL = aJL = 21rfL = 21l'x50xO.21 = 21;r0: 

z= ~R'+X' =~12'+(21")' 

= '/144+4348 

V 220 
(0)/= -=-=3,28A 

Z 67,02 

(b);= tan-!(;)=tun-I(~~;r) 

= lan- I(5.5) = 79.70 

i.e .• the cUlTent willing the applied voltage by 79.70 in phase. 

For Problems 12 -13 

12. a., 13. c. 

Sol. In caseofa coil, i.e., ~Rcircuit, I = ~ 

with 

So when dc is applied, 
aJ=O, sO,Z=R 

V 
and hence, 1 = R 

i.e" 
V 100 

R= -=-=1000 
/ I 

and when ac of 50 Hz is applied 

v . 
1= Z ' I.e., 
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10.42 Physics for IIT-JEE: Electricity and Magnetism 

but, Z= ~R2 +oiL2 

. (l)2L2=Z2_R2 I.e., 

i.e., (2trf L)2 = 2(~;,2 _1002 = 3xlO4 (as (I) = 2tr f) 

So, L= .,fixlO' = .,fiH=0,55H 
2lfx50 If 

For Problems 14-17 

14.8" lS.d., 16. b., 17.d" 
Sol. 14. As this circuit is a series LCR circuit, current will be 

maximum at resonance, i.e., 

1 1 10' 
(J)= """'F.":!: = = - radls 

,LC ~(4,9xW-')(10") 7 

with, 1 = VM = 10 =..!..A 
III R (32+68) 10 

So the impedance, Zp = [R1
2 +(11 coC)2]112 

= .J5924 = 770 

15. ZQ =[Ri+ «(I)L)2]112 

= [(68)2 +(4.9xlO-3 xlO' 17)2 ]112 

= .J9524 =97,60 
I 

16. Vp= IZ p =-x(77)=7.7V 
10 
I 

17. Va=IZQ = jQX(97.6) =9.76V 

For Problems 18 - 20 

18. b" 19. 8., 20. c. 
Sol. 18. At resonance as X = O. 

So, 

Le., 

1= !::=~=!A 
R ·120 2 

V 
VL = IX.=I(I)L, L=-.lt.. ... , 1 (J) 

L= L 
40 

"'~"'--= = 0.2mH 
(l/2)x4xI0' 

I I 
U\)= .JLC,C=L% 

I I 
C= 0.2xIO-3 x(4xlOs)2 = 32 ~F 

Now in case of series LCR circuit, 

x -Xc tan$= ,,-,L~= 
R 

So current will lag the applied voltage by 450 if, , 

I 
o;L- -

tan 450 = _---'OJC!& 
R 

I 
Ix120= (J)x2xI0-4- -6 

(J)(1/32)xlO 

(1)2 _ 6x lOS (I)-16x 1010 = 0 

~~-~ 

(1)= 6 x lO' ±~(6XIOS)2 +64xI01o 
i.e., 

2 

Le., 6xlO~ +IOx10
5 

8 10' dJ (1)= =xras 
2 

For Problems 21- 22 

21. c., 22. b. 

Sol. 21. In case of a coillls Z = ~ R2 + (1)2 L2 

i.e., 
V V 

1= z=JR2+(J)2L2 

So-when dc is applied as (J)= 0, 

V 
1= /i' Le., 

and when ac is applied, 

12 
R=-=3Q 

4 

I=~, Ie" Z =(7H~~)=50 
R2+xi=52 (asZ=~R2+xi) 
So, 

Xt=52_R2=52_32=42, Le.,XL =40 

X 4 
but as, XL=(I)L, L=J=-=O.OSH 

0; 50 
22. Now when the capacitor is connected to the above circuit in 

series, 

1 I 1& 
X = -= =-=SO 

c OJC 50x2500xlO-6 125 

so, Z= ~R2 +(XL,-Xci 

= ~3'+(4-8l' =50 
V 12 

and hence, 1 = Z ="5 = 2.4A 

So, Pav= Vrm~ /nn s COS ¢l=(lnns XZ)X/nn.X(~) 

i.e., P
Qv

= l;ms R = (2.4)2X3=17.28 W 
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. For Problems 23 - 24 

23.8., 24.8. 

S()1. Zl= (xc -'xL)l + R2 => (31.8S-6,28)2 + (50)2 

= 3113.671 

'(':")R - l00xlO 
P= Zl - 2x31S3,675 

Heat produced in 20 min;:: (P) (20 x 60) = 951.27 J 

24. 'xC-XL =31.85-2(6.28)=19.29 

10 
1m = 19.29 = 0.52 

Hence, 1= 0.S2sin(314 t+m2)' 
=0.52cos3l4t 

Matching Column 
Type 

1. p. -+ e.; q. -+ a.; r. -+ d.; s. -+ b. 

a. For sinusoidal curve 10111 = 1 
T TI . 

JPdt 4 J 12d( 
b ,1 0 _~''::-_ .lnn' =T'" T 

'" '''(.)' J /ldt J ~~ dr 
= -"- = -"'C-'.::,:.'-_ 

T/4 T 

.2 TI4 .2 _ -"- J r2dr =~ 
- (T/4)' , 3 

i, 
-i ---rml -fj 

For positive half cycle average current 

= fid! = 1I2(io)(TI2)=io 
J dt (T/2) 2 

Full cycle average current is zero, 

c. For positive half cycle average current 

Ji d, io(Tfl) . 
= r:;:-=-=~ 

J d( TI2 

d. For full cycle average current 

J idt io(TI2)+O io 
=Jd'= T -"2 

2. p -+ b.,c.j q. -+ a.,d.; r -+ a.; c.,s. -+ b.,d. 

lIwC n a. tan ¢ = -R- ~ ¢ = '4 ' current leads source voltage-

because reactance is capacith:e. 

Alternating Current 10.43 \ 

. b Pure inductive circuit ¢= f' current lags behind source 

vo!tage because reactance is inductive 

(. as R = 0, tan;= OCI 

; = 1112. current leads source voltage because reactance 
is capacitive 

d tan; = ~L = 1 ~ ¢ = ~ • current lags behind source .... 

voltage because reactance is inductive 

3. p. -+ b" d.; q. -+ a.; r. -+ 51.; s. -+ b., c. 

Inductive reactance, 

1 1 
XL= -= 100 ' 0=1000 

ax:: 2nxSOx-xI0..{i 
n 

Impendenc? of the circuit is 

z= ~R2+(XL -Xd1 =137.93 (2 

RMS value of the current through circuit is 

220 . 
1= -cI.S9A". 1.6A , 

RMS value of voltage drop across the capacitor is 

lit'" 1Xc = 160 V 

Average power,dissipated in the resistor is 

R 
Pnv= VHICOS¢=(IR)/X

Z 
=18S.6W 

Average power dissipated in inductor and capacitor would 
be zero. 

Depending on the value of L, C and R. circuit would be either 
capacitance, inductive or purely resistive. 
For LR series circuit. the phasor diagram is as shown 
below -

I v, 

Fig. 10.86 

I lags voltage by an qngle ¢« n /2). 

1 lags V L by an angle n12. 
For RC series AC circuit, [leads Vby an angle less than nl2. 

For LCR series AC circuit, the phasor of diagram is as: 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



, 

/ ..•. 

. ; 

10.44 PtrYsfc~ for IIT·J EE: Eltctricfty and Magnetism 

, 
' . 

v, 

Vc 

.......... V, 
Y 

{ V, • 
( V, 

Vc V 

/Ie> /lc(lllgl V) Ve> /le(lleadl /I) 

(.) 

V, 

{ VlI - V 

'c 
Ve,- Ve 

(I and Yare In phase) 
(e) 

\ 
Fla.10.87 

~. 

(b) 

5. p. ~ •• , b., c" d.j q. ~ .'1 c.j r. ~ a' l b.&C'I~;~' ~ C. 

.. V 2 +V2 .. V 2 ~ 'V = t' OV .:\ ... , R 2 ·R · . . 
\ 2 ' 2' 2 . . .. , \' . 

V.IJ+ \l·L~V J ~ . VL = .50 V\ 

'.:--:-,.. 
\ 
• 

.... 

, , 

h 

c. 

\ 

And 

I VL-Vcl= V2 

Vc=2S0 V 

V 150 3 cos; = !.4.=_=_ 
V 250 5 

Vc =V=2,SOV 

V; + Vi- 2.5& 
VR "" VJ =I50V 

vL= 200V 
Power factor can be computed by determining the net 
reactance. 

VR = V3m l,SOV 

Vf .. vj+vl ~ VL=SOV 

V~ = Vz.+ V~ ~ Vc=2,SOV 
150 3 

cos ;= -=-
250 5 

V.IJ= V=2.S0V 

,I 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



MisceLLaneous Assignments 
and 

Archives on Chapters 5-10 
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A2.2 Physics for IIT.JEE: Electricity and Mignetlsm 

EXERCISES 

Objective Type . Solutions 011 page ,4,2.31 

1. A source of constant potential difference is connected 
across a conductor having irregular cross section as shown 
in Fig. A2. 1. 

p 

Flg.A2.1 

a. Electric field intensity at P is greater than that at Q 
b. Rate of electrons ~rossing per unit area of cross section 

al P is less Ihan that at Q 
c. The rate of generation of heat per unit length at P is greater 

than that at Q 
d. Mean kinetic energy of free electrons at P is greater than 

that at Q 
2. Current-voltage characteristics of two elements A and Bare 

as shown in Figs. A,2 and A 1.3 

l:kcl:~ 
10 Y IS Y 

Fig.A1.2 Fig. A1.3 

Which of the following graphs represents current-voltage 
characteristics for their series combination? 

1 ~l2l 1~rr-
•. b. 

Y Y 
" 2S 

~~l2cy t:a~~ 
2S 2S 

3. In the given network (Fig. A2.4) the batteries getting 
charged are 

20n ' 0 osv CD 

20V t CD <A OS V 

~ ~ 8A 

sv f 0 0 9A 0 
Fig.A2A 

a.land3 
c. 1 and 4 

b.I,3andS 
d. 1,2 and 5 

4. When a galvanometer is shunted with a 4 n resistance the 
deflection is reduced to 115. If the galvanometer is further 
shunted with a 2. n. wire the new deflect ion wi111?e (a,ssuming 
the main current remains the same) . 
a. 5/ 13 Of the deflection when shunted with 4 n only 
b. 8/13 of the deflection when shunted with 4 n only 
c. 3/4 of the deflection when shunted with 4 n only 
d. 3/13 of the deflection when shunted with 4 n only 

S. When the key k is pressed at t ime t - 0, which of the 
following statements about the current 1 in the resistor AB of 
the given circuit is true? 

Fig. Al.S 

a. 2 mA al all time 
b. oscillates between 1 rnA and 2 rnA 
c. I rnA at an time 
d. At t ==0,1=2 mAand with time it finally reduces to 1 rnA 

6. lWo electric bulbs rated PI and P2 watt at V vott are 
connected in series across V volt mains, then their total 
power consumption P is 

a.(PI+P,) b.~f1.~ 
c. PI P2/(PI + P2) d. (PI + P.;)IPIP2 

7. In the g iven circuit (Fig. A2.6), with steady current, the 
potential drop across the capacitor must be 

•• V 
c. VfJ 

R 

E f-----tt-C ,,-------1 

Fig.A2.6 

b. va 
d. 2V/3 

8. The potential difference between points A and A2. in 
Fig. A2.7 is 

6V 3A 20 9V 0.70 

;---f~~ 
Fig.A2.7 

a. 3 V b. IS V 
c. -5.1 V d. +5.1 V 
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9. The resistances in Wheatstone's bridge circuit as show __ _ 
the Fig. A2.8 have different values. The current through the 
galvanometer is zero. Ifall thermal effects are negligible, the 
current through the galvanometer may not be zero, when 

Flg.A2.S 

a. the battery e.m.f. is doubled 
b. the battery and galvanometer are interchanged 
c. all resistances in the circuit are doubled 
d. all resistances in the circuit are interchanged 

10. In the circuit shown in Fig. A2.9, P ;t R. The reading of 
galvanometer is same with switch S is opened or closed. Then 

v 

Fig.A2.9 

8.1/1, l:l a b·Jp~ Ja 

c.1(J== l a d. IQ-IR 
11. 1\vo cells A and B of electromotive forces 1.3 Vand 1.5 V, 

respectively, are arranged as shown in Fig. A2. 1O. The 
voltmeter (assumed ideal) reads 1.45 V, the internal 
resistances of cells A andB arer,4 andrs, respectively. Which 
of the following is correct? 

EI - 1 3V 
.-----1 

A " 

~---~Vr---~ 

a.r,4 =2rB 
c. rs =2r,4 

B " 

Fig.A2.IO 

b. r,4=3rs 
d. rs =3r,4 

12. In the circuit shown in Fig. A2.11, the battery EI has an 
e.m.f. of 12 V and zero internal resistance; while the battery 
~ has an e.m.f. of2 V. If the galvanometer G reads zero, then 
the value of the resistance Y is 

f , 

a. Ion 
c. soon 

rn 

Flg.A2.11 

b. lOon 
d. 200n 

13. The cirCuit sJiown in Fig. A2.12 is used to compare the e.m.f.s 
of two cells, E\ andE2 (EI > El). The null point is at Cwhen 
the galvanometer is connected to E\. When the galvanometer 
is connected to El , the null point will be 

A f-------i------.J B 

Fig.A2.I2 

a. to the left of C b. to the right of C 
c. at C itself d nowhere on AD 

14. Two cells of e.m.f.s £ \ and E2 and of negligible internal 
resistances are connected with two variable resistors as 
shown in the Fig. A2.1 3. When the galvanometer shows no 
deflection, the values of the resistances are P and Q. 

f, 

PoL 
'/ 

Ljft-' _Cr.-.j}_--' 
"--' lalvan()!l"lclcr 

Fig. A2.13 

What is the value of the ratio E2IEL? 

a.!:. b.~ c. L 
Q P+Q P+Q 

d. P+Q 
P 

IS. The Wheatstone's bridge shown in the Fig. A2.14 is 
balanced. If the positions of the cell Cand the galvanometer 
G are now interchanged, G will show zero defl ection 

c 
Fig.A2.14 
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A2.4 Physics for IIT·JEE: Electricity and Magnetism 

a. in all cases 
h only ifall the resistances are equal 
e. only if R\ '" R3 andR2 = R4 
d only ifR1IR3 =R21R4 

16. In Fig. A2.IS, two cells have equal e.m.f. E but internal 
resistances are r] and r2' If the reading of the voltmeter is 
zero, then relation betweenR, r! and r2 is 

+ _ + t_,-----; 

a.20 

R soo 

AC---~------------~8 
C 

R c.200 

Flg.A2.IS 

b.80 
d. 400 

FIg.A2.1S 

a.R=~-~ hR=~+~ 
c.2rl-r2 d r[ r2 

17. A constant voltage de source is connected, as shown in 
Fig. A2.16, across two resistors of resistances 400 kO and 
IOOk!l. 

looOV 
de supply 

400n lOOn 

Fig.A2.16 

What is the reading of the voltmeter, also of resistance 
100 ill, when connected across the second resistor as shown? 
a.IIIV b.2S0V 
c. 125 V II. 333 V 

18. In the given circuit (Fig. A2.17) in which case will the 
anuneter reading not change when R2 is varied? 

+ 

E ..=. R, 

Fig.A2.17 

a: Rl =r b. R [ =2r 
c.R1>R2 dr=O 

19. An ammeter and a voltmeter are joined in series to a cell. 
Their readings are A and V, respectively. If a resistance is 
now joined in parallel with the voltmeter, then 
a. both A and Vwill increase 
h both A and V will decrease 
c. A will decrease, Vwill increase 
d A will increase, Vwilldecrease 

20. AA2. is a wire of unifonn resistance. The galvanometer G 
shows in Fig. A2.18 that no current flows when the length 
AC= 20 em and CB = 80 em. The resistanceR is equal to 

21. A capacitor of capacitance Cis connected to two voltmeters 
A andB (Fig. A2.19). A is ideal, having infinite resistance, 
while B has resistance R. The capacitor is charged and then 
the switch S is closed. The readings of A andB will be equal 

A 

8 
c 

s 

Fig.A2.19 

a. at all times b. aftertimeRC 
c. aftertimeRCin2 II. only after a very long time 

22. The equivalent resistance of the combination across AB 
(Fig. A2.20) is 

•. (3+f1l b. 3+ M 

3 +M 
C.--- d. 2(3+M) . 

2 

21 22 2222 23 

-~-
_ A 

222 22221 

. __ .... ,.-
8 

Fig.A2.20 

23. The capacitor shown in Fig. A2.21 is in steady state. The 
energy stored in the capacitor is 

R R 

• L:;'\~r----'------o. 
IRe 

Fig.A2.21 

b. 2c]2R2 

II. None of the above 
24. Charge on the capacitor having capacitance C2 in steady 

state (Fig. A2.22) is 
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r 
R 

c, 

l 

v 
Flg.A2.22 

R 

a. Zero b. (C. + C2)V 
c. C,V d. elv 

25. An 80 Ile charge is given to the41lF capacitor in the circuit 
shown in Fig. A2.23 so that the upper plale A is positively 
charged. An unknown resistance R is connected in the left 
limb. As soon as the switch S in the central limb is closed, a 
current of 2 A flows through the 2 Q resis tor in the central 
limb. The capacitive time constant for the circuit is 

R 

A , 
4" [,e B -

160 
SO 

1 '0 
2 A S 

-.L 
= - -

Fig. A2.23 

a.S6~ b.8lls 
c. 200 IJS d. 40 Ils 

26. In the given circuit (Fig. A2.24), when key K is open, reading 
of ammeter is I. Now key K is closed then the correct 
statement is 

Flg.A2.24 

a. If £. < JR, reading of the ammeler is less Ihan I 
h If IR < e ll reading of the ammeter is greater than 1 
c. If E[ <2IR. reading of the ammeter will be zero 
d Reading of ammeter will not change 

27. In the circuit shown (Fig. A2.25), the batteries have e.m.f. 
EI = E2 '" I V, £3'" 2.5 V and the resistance RI = 10 n, 
Rz"" 20 n . Capacitance C - lO IlF. Thecharge on the left plate 
of the capacitor C at steady state is 

E, R, 

E' 
I e 

E, R, 

Fig.A2.25 

• __ ._~ .. ..... M;u.It ~ ..... m,~ AssiQnments and Archives on (hapters ~·lO A2.S 

a.+2IlC b. - 4)..LC 
c.- 5 J.lC d.+1 2)..LC 

28. In the circuit (Fig. A2.26), the galvanometer G shows zero 
deflection. If the batteries A and 8 have negligible internal 
resistance, the value of the resistor R will be 

a. 5000: 
c. 200n 

sooo 

R 
A 

Flg.A2.26 

b. lOOOn 
d loon 

29. A voltmeter with resistanceR,,=2500 0 indicates a voltage 
of 125 V in the circuit shown in Fig. A2.27. What is thc series 
resistance (R) to be connected with voltmeter in this circuit 
so that it indicates 100 V? 

r- -·--·· ··---·--··· · , ' : Rr: 
-{[)- , 

L ____ ._ .. ____ _ .• • • .: 

Fig. A2.27 

a 6250 b. 1200 
c. 550n d. Data are insufficiem 

30. Fig. A2.28 shows a battery with e.m.f. 15 V in a circuit with 
R1'" 30!l,Rz-IO!l,R)"'20n and capacitanee c= 10~. The 
switch S is initially in the open position and is then closed at 
time t = O. What will be the final steady-state charge on 
capacitor? 

r=lJ·, 
Fig.A2.2S 

a 751lC b. 50 IlC 
c. IOJ.lC d. None of these 

31 . A conductor of resistivity p and 
resistance R, as shown in the 
figure. is connected across a 
battery of c.m.f. V. lIS radius varies 
from a at left end to b at right end. 
The electric fi eld' at a point P at 
d istance x from left end of it is 

OJ (I) 

a _--'v-'i'--'P'----,
lrR (ta +(b ~a)x)2 

vi'p 
c. 2trR{ t a + (b _ a)x)2 

I 

Fig. A2.29 

• _-:-=:2V~t'-'P'-_,;_ 
trR (ta + (b + a),r)2 

d None o f these 

- I 
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A2.6 Physics for IIT.JEE: Electricity and Magnetism 

. 32. A piece of conducting wire of resistance R is cut into 2n 
equal parts. Half the parts are connected in series to fonn a 
bundle and remaining halfin paralleito fonn another bundle. 
These bundles are then connected to give the maximum 
resistance. The maximum resistance of the combination is 

~ !l.(I+~l 
2 n' b. ~(I+"') 

R 
d. R(n+;l 

33. In the circuit shown in Fig. A2.30, if the switch S is closed at 
t "" 0, the capacitor charges with a time constant 

c R 

2R 

+ 
~---,...., 

8 S 

Flg.A2.30 

a.Re b.3RC 

c. ~RC d. Rein (~) 
34. A metal wire of length L and radius r is made of copper and 

aluminium contributing equal lengths (Fig. A2.31). This wire 
is now coated by nickel till the radius of wire becomesR.lf 

. specific resistances of these materials are Peu, PAl and Ali the 
equivalent conductance of the system across the length will be 

AI 

Fig.A2.31 

""[II R'] • - -+- +--
• L POl PAl r2 PNi 

35. In the given circuit (Fig. A2.32), the potential difference 
across the capacitor is 12 V. Each resistance is of 3 n. The 
cell is ideal. The e.m.f. of the cell is 

R C - 3 IlF 

-II-
R R 

R R 

2R 

+ 

E 

Fig.A2.32 

a. 15 V b.9V 

c. 12 V d. 24 V 

36. A battery of internal resistance 4 0 is connected to the 
network of the resistance as shown in Fig. A2.33. If the 
maximum power can be delivered to the network, the 
magnitude of resistance in 0 should be 

a . .!i n 
21 

c.120 

2R R 

£, 40 

6R 4R 

Fig.A2.33 

84 
b· 19 n 

d.7n 

2R 

37. Find the efTectiv~ resistance between A andA2. 

A- - (' 

a.2n 
~ 817 !l 

10 

Fig.A2.34 

b. In 

d. 7!l 

'>--8 

38. Amilli.anuneterofrange lOrnA and resistance 9 narejoined 
in a circuit as shown in the Fig. A2.35. The meter gives full 
scale deflection, when current in the main circuit is 
I and A and D are used as tenninals. The value of/ is 
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/ 
r-_ _ -"'::O,-{ / 10 rnA 

0.1 {} 0.3n 0.60 0.90 

ABC D E 

Fig.A2.35 

a.1.09A b.IO.9A c. zero d. O.I09A 
39. A potential of 400 V is apP\ied at the point A. The value of 

resistance R I '" 1 000 n. R2 - 2000 nand R3 = 1000 n are 
connected between points A and G as shown in Fig. A2.36 
Point G is earthed. The measured potential difference by an 
ideal voltmeter connected across R2 is 

A 

R, 

R, 

R, 

-:: a 
Flg.A2.36 

a. IOOV b. 200V c. 300V d. 400V 
40. In the given circuit (Fig. A2.37), the potential difference 

across the 6 ~F capacitor in steady state is 

A 

c 

12V In 

t---o/'.NWv~--'l B 

4V 

E,-~ F 

H 
31lF6 )IF 

Fig.A2.37 

a.IV b. 6V c.3V d.2Y 
41. In the circuit shown (Fig. A2.38) the cells are ideal and have 

equal c.m.f., the capacitance of the capacitor is C and the 
resistance of the resistor is R. The switch Xis first connected 
to Yand then to Z. After a long time, the total heat produced 
in the resistor will be 

Appemtb 1.2: MiscellaMOuS AssignllMffiU ~nd Archives on Chapters 5-10 1.2.1 

_ A • 

c x I-- - - ___ c-~ y 

z 
• 

B R 
Fig.A2.38 

s. equal to the energy finally stored in the capacitor 
b. half the energy finally stored in the capacitor 
c. twice the energy finally stored iii the capacitor 
d. Four times the energy finally stored in the capacitor 

42. In the arrangement shown in Fig. A2.39 when the switch Sl 
is open, the galvanometer shows no deflection for l == Ll2. 
When the switch S2 is closed, the galvanometer shows no 

deflection {or t== 1
5
2 L. The internal resistance (r) of6 V cell. 

and the e.m.f E Q{ the other battery are respectively 
. Ion 

,v , 

G 

---- -- --- , t .. ---------- -----

Ar-- ---,-- - -L----.B 

Ii >-1 ----« .. )----" 
E s, 

Fig.A2.39 

a. 3a ,8V h 20, 12V c.2n,24V d 3(2, 12V 
43. Calculate the energy stored in the capacitor of capacitance 
2~. The voltmeter gives a reading of IS V and the ammeter A 
reads 15 rnA 

(I'-1 5V) 

c 

R 20V 0.5(1 

Fig.A2.40 
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A2.B Physics for llT.JEE: Electrici ty and Magnetism . 

a. 5 J.LI b. 10 J.LI 
c. 0.5 J.LI d. zero 

44. In the given circuit (Fig. A2Al), R. #. R2 and the reading of 
the voltmeter is same, irrespective of whether the switch S is 
open or closed. Then, which of the following is correct? 

A 

IR, 

IR, 
B 

VOII 

Fig.A2.41 

b. i ll, = i R1 

t. i It) ". I" d. None of the above 

45. VA - VB for Fig. A2,42 in steady state is 

A 

• 

a.4V 
c. SV 

B 

Fig.A2.42 

b. 6V 
d. zero 

46. A herni-spherical network of radius a is made by using a 
conducting wire of resistance per unit length r (Fig. A2,43). 
The equivalent resistance across OP is 

•• ~"'-'( ~:;;+.:..4::L) 
8 

ra(1r+4) 
c. 4 

p 

47. In Fig. A2,44, the charge that fl ows from P to Q when the 
switch S is closed is 

s 

2"F 

Fig. A2.44 

a.3).1C b. 6!-lC 
t. 9).1C d. IS).1C 

48. In the circuit shown (Fig. A2.4S), each resistance is 2 n. The 
potential VI' as indicated in the circuit, is equal to 

v, 

a.llV 
c. 9V 

Fig. A2,45 

b. -11 V 
d. -9V 

49. In the circuit shown (Fig. A2.46), the value of R in ohm that 
will result in no current through the 30 V battery is 

a. Ion 
c. JOn 

.o."y 
:- 30V 

IOn 
Fig.A2.46 

b. 25 Q 
d. 40<> 

R 

50. Tn Fig. A2.47 the current flowing through 2R is 

R 2R j R B 

I 

Fig. A2A7 

a. trom left to right b. from right to left 
t . no current d. None of these 

51. In the circuit shown (Fig. A2.48), switch Sz is closed first 
and is kept closed for a long time. Now SI is closed. Just after 
that instant the current through S. is 
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Fig.A2,4S 

a • .!.... towards right 
R, 

£ 
h. - towards left 

R, 

2£ 
d c. zero 

R, 
52. Each resistor in the following circuit (Fig. A2.49) has a 

resistance of2 mO: and the capacitors have capacitanccs of 
I ~F. The battery. voltage is 3 V. The vohage across the 
resistor A in the fo llowing circuit in steady slate is 

a.O V 
c.O.75 V 

Fig.A2.49 

b.0.5V 
d. 1.5V 

53. Initiatly, switch Sis connected to position I fo r a long lime 
(Fig. A2.50). The net amount of he a! generated in the circuit 
after it is shifted to position 2 is 

C R 

,::] 
I • 

" 2 
Fig. A2.50 

C 2 , 
c. -eel + 1'02 ) d. C(Ei +ti) 

2 
54. The switch S in the circuit diagram (Fig. A2.5 1) is closed at t 

= O. The charge on capAcitors at any time I is 

R 

s 

R 

R 

E 

Fig. A2.51 

C 

C 

Appendix A 2: Miscellaneous Assignments and Archives on Chapters 5-10 A2.9 

a. q{r)=EC( I _ e-2iIlRC) b. q{r) =EC(I _ e·rIlRC) 
c. q(l)= EC(l _ e-rIJRC) d. q{I)=EC(I_ e·J"lRc) 

55. The charge on the capacitor in steady state in the circuit 
shown (Fig. A2.S2) is 

lV 

30 3 0 

Fig.A2.52 

a. 0.5 ~C b. I)lC c. 2 jlC d. 4 jlC 
56. In the circuit shown in Fig. A2.S3, XY is a potentiometer wire 

100 cm long. The circuit is connected up as shown. With 
switches S2 and Sl open, a balance point is found at Z. After 
switch S[ has remained closed for some lime, it is found that 
contact at Z must be moved towards Yto maintain a balance. 
Which of the following is the most likely reason for this? 

v, s 

x 

--l ' ,/ 
, 

I z 
y 

v, R, A 

" 
R, 

/ . .....--. 
$) $2 

Fig.AI.53 

a. The cell VI is running down 
b. The cell V2 is running down 
c. The wireAZis getting warm and its resistance is increasing 
d. The resistor R[ is gening warm and increasing in value 

57. In the circuit shown (Fig. A2.54), if switches SI andS2 have 
becn closed for a long time, then the charge on the capacitor 

60 
s~ IOI:IF 1 

20 70 

4V 

Fig.AI.54 

a. is lOOjlC 
b. increases to 120 jlC jfone-third oflhe gap oflhe capacitor's 

plates is filled with a dielectric'(K'" 2) of same area 
c. both a. and b. 
do charge on the capacitor remains unchanged if one-third 

ofthe gap oflhe capacitor's plates is filled with a dielectric 
(K = 2) of same area 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



Al.10 Physks for IIT.JEE: Etettricity and ~agneti sm 

58. Thecircuit shown in Fig. A2.5S consists ofa battery of e.m.f. 
£ - 10 V; a capacitor of capacitance C'= 1.0 f.1F and three 

resistors of values R ,= 2 n, R 2= 2 n and R)= I n . Initially, 
the capacitor is completely uncharged and the switch S is 
open. The switch S is closed at t .. O. Then 

R, 

/' 
s 

R, , R, c 

Flg.A2.55 

a. the current through resistor R} at the moment the switch 
closed is zero 

b. the current through resistor RJ a long time after the switch 
closed is 5 A 

c. the ratio of current through R I and R2 is always constant 
d. all ofthesc 

59. Fig. A2.S6 (a) shows a circuit used in an experiment to 
detenninc the c.m.f. and internal resistance oflhe battery C. A 
graph was plotted of the potential diff~rence Y between the 
terminals of the battery against the current I, which was varied 
by adjusting the rheostat. The graph is shown in 
Fig. A2.S6 (b);xandyare the intercepts of the graph with the 
axes as shown. What is the internal resistance of the battery? 

, 
YNult 

'c 
y 

y 

" ~ , fl_ • (., (b, 

Fig.A2.56 

•• X b.y Co xly d ylx 

60. In the circuit shown (Fig. A2.57) what is the charge of total 
electrical encrgy stored in thc capacitors when the key is 
pressed? 

, 

v 
Flg.A2.57 

, 

K 

c 

cv' a.--
12 

5CY2 
c' 4 

61. In the circuit shown (Fig. 
through 6 V battery. 

6V 20 

3CV2 
d. -

S 
A2.S8), calculate the current 

4 ?,v f~A ..... ~4AnMr<B~ 

3n 

Fig.A2.58 

. •. (1/4) A b. (I/S)A 
c. (1/2) A d none of these 

62. In Fig. A2. S9, points A andA2. are connected by a perfectly 
conducting wire. Calculate the current through AB 

a.2A 
c. J.5 A 

20 A I n 

I n B 2n 

4.0V 

I 
Fig.A2.59 

b.lA 
d 2.SA 

63. In tne potentiometer arrangement (Fig. A2.60), the driving 
cell A has c.m.f.- e and internal resistance r. Thee.m.f. ofthe 

cell B is to be rechecked has e.m.f. !!.. and internal resistance 
2 

2r. The potentiometer wire CD is 100 cm long. Ifbalance is 
obtained, Ihe length CJ - f is 

, 
,---"I' , 

l::========~~-======='~I;J~--J c D 

a. {= 50 cm 
c.l <50cm 

B 

Fig.A2.60 

b. 1>50cm 
d Balance cannot be obtained 

64. In a practical Wheatstone's bridge circuit (Fig. A2.61), when 
one more resistance of 100 n is connected in parallel with 
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unknown resistance x, then the ratio'. / '2 becomes 2. ' . is 
the ba lance length. AB is a uniform wire. Then value of x 
must be 

copper strip 

loon 

B 

1-+--1, -_._,~ __ I, --~-I 

E 

a. son 
Fig.A2.61 

h loon c.200n 

copper slrip 

d400Q 
65. To get the maximum current through a resistance of2.5 0, 

one can use m rows of cells, each row having n cells. The 
intemal resistance of each cell is 0.5 n. What are the values 
of nand m, if the total number of cells is.4S? 
a. 3,15 b.5,9 c;"9:S d. 15,3 

66. Two circular rings of identical radii and resistance-of 36 0 
each are placed in such a way that they cross each other's 
centre C1 and C2 as shown in Fig. A2.62. Conducting joints 
are made at intersection pointsA and B of the rings. An ideal 
cell of e.m.f. 20 V is connected across AB. The power 
delivered by cen is 

a. 80W 

c, 

B 

Fig.A2.62 

c, 

b. loOW c. l20W d. 200W 
67. Circuit for the measurement of resistance by potentiometer 

is shown in Fig. A2.63. The galvanometer is first connected 
at point A and zero deflection is observed at length P J = 10 
cm. In second case, il is connected at point C and zero 
deflection is observed at a length 30 cm from P, then the 
unknown resistance X is 

I 

J:.J 
p Q 

c 
R A R 

Fig.A2.63 

a.2R b. RI2 c. RI3 d.3R 

Apptndix A 2: Miscellaneous Assignments and Archives on Chapters 5·10 A2.11 

68. Which of the following circuit (Fig. A2.64) gives the correct 

value of resistance, when computed by using R =]- where 

Vand I are voltmeter and ammeter readings, respectively? 
The meters are not ideal. 

d None of these 

Fig. A2.64 

69. Two ideal batteries having e.m.f. EI and E2 arc connected as 
shown in Fig. A2.65. The value of resistances are chosen in 
such a way that ammeter reading is zero. The reading of 
voltmeter will be (consider the meters to be ideal) 

,L 

--®-

c 
B q 

E, 

Fig.A2.65 

9. £, b. £2 
c. In between E] and E2 
d. Nothing can be predicted about voltmeter reading from 

the given information 
70. A cell of e.m .f. e and intcJ;11al resistance r is chargcd by a 

current i, then 
a. the cell stores chemical energy at the rate of £i 
b. the cell slores chemical energy at the rate of ill" 
c. the cell stores chemical energy at the rate of fi - i2r 
d. storage of chemical energy rate cannot be calculated 

71. Two long coaxial and conducting cylinders of radius a and b 
are separated by a material of conductivity O"and a constnnt 
potcntial differcnce V is maintained between thcm by a 
battery. Then the current per unit length of the cylind.cr 
flowing from one cylinder to the other is 

a. 4nO" V 
i n (bl a) 

,. 2nO" V 
i n(b/a) 

h 4nO" V 
(bl aJ 

d 2nG" V 
(b+a) 

72. 50 V baltery is supplying currcnt of 10 A when connected 10 

a resistor. If the efficiency of the battery at this current is 
25%. Then the internal resistance of the battery is 
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A2.12 Physics for IlT·JH: Electricity and Magnetism 

a.2.SQ 
c.I.2SQ 

b. 3.7SQ 
d. SQ 

73. A battery is supplying power to a tape recorder by cable of 
resistance of 0.02 0:. Ifthe battery is generating SO W power 
at S V, then power received by the tape recorder is 
a.SOW b.4SW 
c.30W d,48W 

74. In a Wheatstone's bridge, resistance P, Q and Rare 
connected in the three arms and the fourth arm is formed by 
two resistances S 1 and S2 connected in parane!. The 
condition for the bridge to be balanced will be 

(AIEEE, 2006) 

a. P "" R(SI +S2) b. P =_R_ 
Q 2S1S2 Q SI +S2 

c. P =~ d. P = R(S, +S2) 

Q SI +S2 Q SI S2 
75. Fig. A2.66 shows a meter-bridge set up with nun deflection 

in the galvanometer. The value of the unknown resistor R is 
(AIEEE, 2008) 

R 

1 "I "I 

P 
_20cm_ -

~ 

a.lIOQ 
c. 13.7SQ 

Fig.A2.66 

b. SSQ 
d.220Q 

76. A number ofrcsistors are connected as shown in the figure. 
The equivalent resistance between A and B is 

A 

a 6" 
c.9Q 

'0 

40 

Fig.A2.67 

b. 120: 
d lSn 

40 

40 
B 

7? In the circuit shown what is the change of total electrical 
energy stored in the capacitors when the key is pressed? 

Fig.A2.68 

3CV2 SCV2 

a-- h 
8 4 

7CV2 CV2 

0, -- d--
8 12 

78. In the given arrangement, the reading of ammeter is same in 
each case when either Kl or K2 is closed. The reading of the 
anuneteris 

o 
Fig.A2.69 

El+E2 E1-E2 a--- h 
R R 

c. data given is not sufficient d none of these 
79. The charge on the capacitor as in figure is 

2 VIO.S 0 

EJ 
Fig.A2.70 

2 
b, - I-lC 

3 

d zero 

80. Find the potential drop across the capacitor in the given 
circuit. 

a6V 
c. 7 V 

1 0 
60 

A ,-,,:Nv-l--V'1'v-< 
B 4 a 

~>-----------"N'v-
9 v 10 

Fig.A2.71 
b, 6.S V 
d none of these 

81. FindX so that ammeter reads zero in the circuit shown below 

EO xi J2V 
Fig.A2.72 

a600n b,3000: 
c. 200 0: d ISO 0: 

82. Current flowing in a wire ofa circuit is (2.5 ± O.OS) A whereas 
the potential difference across the wire is (20 ± 1) V. Then the 
resistance of the wire is 
a (8± I)Q 
c. (8 ± 0.S6) n 

h (8±20)" 
d8" 
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83. A galvanometer may be converted into ammeterorvo.Jtmeter. 
In which of the following cases the resistance of the device 
wi!! be largest? (Assume maximum range of galvanometer 
=lmA) 
a. an ammeter of range 10 A b. a voltmeter of range 5 A 
c. an ammeter afrange 5 A d a voltmeter of range 10 V 

84. The current-voltage graphs for a given metallic wire at two 
different temperature TI and T2 are shown in the figure. Then 

T, 

(2) 

(') 
T, 

0 V 

Fig.A2.73 

a. Tz>TI hT2 <T1 
c. T2 = Tl d none of these 

85. In which of the following circuits the net resistance across 
tenninals P and Q is maximum 

50 

50 
P'~~M-~R 

50 

P 

"0 "0 

s 50 
Circuit (i) 

Q Q,L~'W_--' R 
50 

Circuit (ii) 

Fig.A2.74 

a. circuit (i) 
b. circuit (ii) 
c. both the circuits have the same resistance 
d insufficient data to decide 

86. In the diagrams, all right bulbs are identical, all cells are ideal 
and identical. In which circuit (a. b, c, d) will the bulbs be 
dimmest? 

,. b. 

o. 
~ 

d f---~o----I 
G 

Fig.A2.75 

87. For the circuit shown, a shorting wire of negligible 
resistance is added to the circuit between points A and A2. 
When this shorting wire is added, bulb 3 goes out. Which 
bulbs (all identical) in the circuit brighten? 
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, 2 j 

Fig.A2.76 

A 

3 

B 

• 4 

a. only bulb 2 h only bulb 4 
c. only bulbs 1 and 4 d on:y 'bulbs'2 'an~C4 

/ 

88. A wire has linear resistance p(in 111m). Find the resistance R 
between points A and B if the side of the big square is d. 

A'r~~_ 

B 
Fig.A2.77 

pd " • J2 h v2pd 

c. 2 pd d none of these 
89. The equivalent resistance of the circuit·'across points A and 

B is equal to WT .JEE,2007) 

" 
JO 

a. 22.511 
c.37.511 

20 30 

Fig.A2.78 

h 2511 
d 7511 

" 

20 

90. The equivalent resistance between A and B in the 
arrangement of resistances as shown is 

a"" 
c. 2.5r 

, 

, 

,. 

2, , 
Fig.A2.79 

h 31' 
d, 

91. A capacitor of capacitance 10 !iF is charged up to a potential 
difference of 2 V and then the eell is removed. Now. it is 
connected to a cell of e.m.f. 4 V and is charged fully. In both 
cases the polarities ofthe two cells are in the same directions. 
Total heat produced in the complete charging process is 

"., 
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A2.14 Physics for llT·J£E: Electricity and Magnetism 

a. IOmJ b. 20 IlJ 
c.40 )1 1 d 80mJ 

92. In the shown wire frame, each side of a square (the smallest 
square) has a resistance R. Thc equivalent resistance of the 
circuit between the points A and B is 

aR 
c.4R 

A 

Fig. A2.80 

h 2R 
d 8R 

B 

93. A spherical shell, made of material of electrical conductivity 

10
9 

(n mrl ,has thickness 1=2 mmand radiusR= 10cm.ln 
ff 

an alTangemcnt, its inside surface is kept at a lower potential 
than its outside surface . 

• 

Fig.A2.81 

The resistance offered by the shell is equal to 

a. StrX lO-t2 n. b. 2.5 x IO-"
I
Q 

c.sxlO- 12 n d Sxl0- ll n 
94. Two cylindrical rods ofunifonn cross-sectional area A and 2A, 

having free electrons per \l!lit volume 211 and II. respectively, 
are joined in series. A current I flows through them in steady 
state. Then the ratio of drift velocity offrce electron in left rod 

to drift velocity of electron in the right rod (~~) is 

a 112 
c.2 

211~1I 
h i 
d 4 

95. A charge p:lssing through a resistor is varying with time as 
shown in the figure. The amount of heat generated in time 'I' 
is best represented (as a function oftime) by 

'c 

- 5C --- -- .---- ---- - --

"lli b. i ' 
, 2 , , , , 

:'Lc: , ' , ' , , 
Is 25 

:hl: , ' , , , 
I s 2 s 

Fig.A2.82 

96. Two cylindrical rods of same cross-section area and same 
length are connected in series to an ideal cell as shown. The 
resistivity of left rod is p and that of right rod is 2p. Then the 
variation of potential at any point P distant x from left end of 
combined rod system is given by 

p p 

Fig.A2.83 

97. The effective resistance between A 
and B ofthe shown network, where 
resistance of each resistor is R, is A ,""",,--1-J"''' B 

c. 

8R 

" 6R 

5 

.. M 

" 
d none of these Fig.A2.84 

98. A potentiometer wire AB as shown is 40 em long of 
resistance SO fUm free end of an ideal voltmeter is touching 
the potentiometer wire. What should be the velocity of the 
jockey as a function of time so that reading in voltmeter is 
varying with time as (2 sin m). 

10 Q 10 n 

A 

~II---V _ 

Fig.A2.85 

a. 10;rsinfffcmis h 10trcosmemis 
c. 20 ;rsin fff cmis d 20 ;rcos 1ft crilis 
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99. The relation between Rand r (internal resistance of the 
battery) for which the power consumed in the external part 
ofthe circuit is maximum. 

, 

a. R=r 

c.R=2r 

R R 

R R 

R " 

Fig.A2.86 

h R=~ 
2 

d 'R= l.5r 

R 

100. For the potentiometer arrangement shown in the figure, 
length ofwireAB is IOOem and its resistance is 9 Q. Find the 
length AC for which the galvanometer G will show zero 
deflection. 

a. 66.7em 
c.50cm 

E - IO v 
,'-10 

A G 

E - 5V 
r - 20 

Fig.A2.87 

h 60cm 
d 33.3cm 

101. A resistanceR = 12 Q is connected across a source ofe.m.f. 
as shown in the figure. Us e.m,f. changes with time as shown 
in the $raph. What is the heat developed in the resistance in 
the first 4 s ? 

E (~lf--<,-i ___ . 
¥--~ I(S) 

1" -: 10 

A 72J 
C 108J 

Fig.A2.88 

B.641 
D. lOOJ 

102. If the switch at point P is opened (shown in the figure) 
choose the corrcct option 

p 

, 

R. 

E 

Fig.A2.89 

a the currcnt in RI would not change 
h the potential difference between point X and the ground 

would increase 
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c. the current provided by the battelY would increase 
d the e.m.f. produced by the battery (assumed to have no 

intemal resistance) would change 
103. Figure shows a circuit model for the transmission of an 

electrical signal, such as cable T V, to a large number of 
subscribers. Each subscriber connects a load rcsistance RI. 
between the transmission line and the ground. Assume the 
ground to be.at zero potential and to have negligible 
resistance. The resistance ofthc transmission line between 
the connection points of different subscribers is modeled as 
thc constant resistance R 7' The equivalent resistance across 
the signal source is 

Signal 
source 

1 
a. IOQ 

R, 

R, 

Fig.A2.90 

~5n 

R, 

, . .J55 n d .J65 n 

MultipLe Correct 
Answers Type Solutions 011 page A2.41. 

I. The electron in a hydrogen atom moves in a circular orbit of 
radius 5 x 10- 11 m with a speed ofO.6JZ"x J06 m/s then 
a. the frequency of the electron is 6 x 1015 revls 
b. the electron carries - !.6 X 10-19 C around the loop 
c. the current in the orbit is 0.96 lOA 
d. the current flow is in the opposite direction to the direction 

of the motion of electron 
2. Two cells of unequal e.m.f.s, £1 and q, and internal 

resistances /"1 and /"2 are joined as shown in Fig. A2.91. VA 
and VB arc the potcntials at A and B, respectivcly 

Fig. A2.91 

a. one cell will continuously supply energy to the other 
b. the potential diITerence across both the cells will be equal 
c. the potcntial diffcrence across one ccll will be greatcrthan 

itse.m.f. 

(£1'2 +£2'1) 
d,VA-VB 

('1 + 1"2) 
3. A capacitor of capacitance C is connected to two voltmetcl:s 

A and B (Fig. A2.92). A is an idcal voltmeter having infinite 
rcsistance, whilc B has resistance R. The capacitor is 
uncharged and then the switpb Sw is closed at 1= 0, 
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A2.16 Physics for IIT-JEE: Electricity ~nd M~gnetism 

, 
c 

, S. 

Fig.A2.92 

a. readings of B and A will be eand zero respectively at t = 0 
11. during time interval (0 ~ I < co) readings of B and A change 
c. reading of A and B will be equal at I = RC In 2 
d None of these 

4. A voltmeter of resistance 600 n when connected in turn 
across resistances R! and R2 gives readings of V! and V2• 
respectively. If the battery is ideal, then 
a. V! =60V b. V2 =30V 
c. V! =45V d. V2 =75V 

5. For thc circuit shown in Fig. A2,93, select the correct 
statements from the following 

, 
20 W 

W 
x y 

20 
20 

, 
Fig.A2.93 

a. x and yare equipotential points 
b. Effective resistance betwecn A and B is 2 n 
c. Effective resistance betwcen A and B is I n 
d. None of the above 

6. A uniform current! is flowing in a long wire of radius R. If the 
current is unifonnly distributed across the cross-sectional 
area of the wire, then 
a. magnetic field increases linearly from centre to surface 
b. magnetic field decays exponentially with distancer from 

the centre of wire for r> R 
c. magnetic fie ld at the centre of wire is zero 
d. None of the above 

7. Two bulbs 25 W, lOOV (uppcrbulbin figure) and l Oa W, 200 V 
(lower bulb in figure) are connected in the circuit as shown 
in Fig. A2.94. Choose the correct answer(s). 

'00 0 , 

6000 

c D 

(500/3) Q 

200 V 

Fig. A2.94 

a. Heat lost per second in the circuit will be 80 J 
b. Ratio of heat produced per second in bulb will be 1:1 
c. RatioofheatproducedinbranchABto branch CD will be 1:2 
d. Current drawn from the cell is 0.4 A 

8. In Fig. A2.95, battery of e.m.f. Ehas internal resistance,. and a 
variable resistor. At an instant, current flowing through the 
circuit is i, potential difference between the lemlinals of cclls 
is V, thennal power developed in external circuit is P and 
thermal power dcveloped in the cell is equal to fraction !Jof 
total electrical generated in it. Which of the follow ing graphs 
is/are correct? 

E ,. 

Fig.A2.95 

v p 

b. 

p 

,. d. 

Fig.A2.96 

9. In the given circuit (Fig. A2.97), 
30 p 

20 V, 1.5.Q 

Q 

Fig.A2.97 

20 

30 

a. the current through the battery is 5.0 A 

b. P and Q are at the same potential 

c. Pis 2.5 V higher than Q 

d. Q is 2.5 V higher than P 

v 

10. In the circuit shown (Fig. A2.98), the cell is ideal withe.m.f. 
=2 V. The resistance of the coil of the galvanometer G is I n. 
Then 
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• 
~------jil >---------' 

2V 

Fig.A2.98 

a. no current flows in G 
b. 0.2 A current flows in G 
c. potential difference across C[ is 1 V 
d. potential difference across C2 is 1.2 V 

11. Which of the foHowing statements arc correct? 
a. Ifbulbs of difference wattages arc joined in parallel, then 

lowest wattage bulb glows with the maximum brightness. 
b. !fbulbs of difference wattages are joined in parallel, then 

highest wattage bulb glows with the maximum brightness. 
c. !fbulbs of difference wattages are joined in series, then 

the lowest wattage bulb glows with maximum brightness. 
d. Ifbulbs of difference wattages are joined in series. then 

height wattage bulb glows with the maximum brightness. 
12. Three ammeters A, Band y of resistances RA> RB and Re, 

respectively, are joined as,,~~own in Fig. A2.99. When somc 
potential difference is appl~,t1 across the terminals TI and T

2
, 

their readings are lA' Is and fe, then respectively, then 

r,~ © 1 or, 

a.l.,;, =ls 

I.,;, Rc C.-=-
Ie RA 

13. A battery ofe.m.f. 2 Vand initial resistance I n is connected 
across tenninals A and B of the circuit shown in the Fig. 
A2.100. 

3il 6il 
2n 

Fig.A2.100 

a. Thelmal power generated in the extemal circuit will be 

maximum possible when R=~n 
" 
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b. Maximum possible !hCnnal power generated in external 
circuit is equal to 4 W 

c. Ratio of current through 3 n to that through 8 n is 
independent of R 

d. None of above 
14. Two electric bulbs rated at25 W-220 Vand lOOW-220 V are 

connected in scries across a 220 V voltage source. 
The 25 Wand 100 W bulbs now draw PI and P2 powers, 
respectively, thereforc 

a. PI == 16W 

c.P2 =16W 
b. PI =4W 

d.P2==4W 

15. In the circuit shown in Fig. A2.IOI 

A 

4il 

6n 

B 

20V 

Fig.A2.101 

a. Power supplied by the circuit is 200 W 

b. Current flowing in the circuit is 5 A 

c. Potcntial difference across 4 n rcsistance is equal to the 
potential difference across 6 n resistance 

d. Current in wireAB is zcro 

16. Two cells of unequal e.m.f.s EI and E2 and internal 
resistances /"1 and 1'2 arc joined as shown in Fig. A2.102. Vp 
and VQ arc identical at P and Q, respectively. 

p 

Fig. A2.102 

a. The potential difference across both the cells will be equal 
b. One of the cells, will supply energy to the other eell 
c. The potential difference across one of the cells will be 

greaterthan its e.m.f. 

£lli + E21j 

Ii +12 
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A2.18 Physin for IIT.JEE: Electricity and Magnetism 

17. In the circuit shown in Fig. A2 .I03 
A 

B 

H l t Ov 

Fig. A2.I03 

a. Power supplied by the battery is 200 W 

b. Current flowing in the circuit is 5 A 

c. Potential difference across 4 0 resistance is equal to the 
potential difference across 6 0 resistance 

d.' Current in wireAB is 2ero 

18. A battery of e.m.f. Co = 5 V and internal resistance 5 0 is 
connected across a long unifonn wireAB of length I m and 
resistance per unit length 5 Om- I. Two cells of £1 = I V lind 
'h == 2 V are connected as shown in the figure. 

. 
~---- - ---- -- -' 

P 

A I===~=:::I B 

2 V 20 

Fig. A2.I04 

a. The nul l point is atA. 
h If the jockey is touched to point B, the current in the 

galvanometer will be going towards B. 
c. When jockey is connected to point A, no current is flowing 

through 1 V battery. 
d The null point is at distance of8/15 III fromA 2. 

19. The diagram shows a modified meter bridge, which is used 
for measuring two unknown resistance at the same time. 
When only the fi rst galvanometer is used. for obtaining the 
balance point. it is found at point C. Now the fi rst 
gal vanometcr is removed and Ihc sccond galvanomctcr is 
used, which gi ves balancc point at D. Using thc dctails givcn 
in the diagram. find out thc value of R 1 and Rz· 

R R, 

A I-------'~!,-----IB 
C D 

Fig. A2. I05 

a. R1=5R13 hR2=4Rl3 
c. R

I
- 4R!3 d R2 =5Rf3 ....... 

20. A paral lcl-plate capacitor ofcapacilancc 10 mF is connected 
to a cell ofe.m.f 10 V and full y charged. Now a dielcctric slab 
(k = 3) of thickness equal to the gap betwecn thc plates is 
complctely fiBcd in thc gap, kccping thc cell connected. 
During the fiBing process 
a. the increase in charge on the capacitor is 200 IlC 
h the heat produced is zero 
c. energy supplied by thc ccll == increase in stored potential 

energy + work done on the person who is filling the 
dielectric slab 

d energy supplied by the cell '" increase in stored potcntial 
energy + work done on the person who is filling the 
dielectric slab + heat produced 

21. The galvanometer shown in the figure has resistance 10 O. It 
is shuntcd by a series combination of a resistance S = I 0 
and an idealceUofe.m.f. 2 V A current 2 A passes as shown. 

G- tOO 
2A 

S- t (2 2 v 

Fig.A2.I06 

It. The reading of the galvanometer is I A. 
b. The reading of the galvanometer is zero. 
c. The potential difference across the resistancc S is 1.5 V. 
d The potential difference across the resistance S is 2 V 

22. In thc circuit shown in figure, EI and E2 arc two ideal sources 
of unknown e.m.f.s. Somc currents are shown. Potcntial 
difference appearing across 6 0 resistance is Y,oI - VIJ == 10 V 

-+-- 200A R 

E, E, 

4.00 0 3.00 0 3.000 

3.00 A ~ 

4.00 0 

Flg. A2.I07 

a. Thc current ill the 4.00 0 resistor is 5 A 
h The unknown e.m.r.EI is36 V 
c. The unknown e.m.£. E2 is 54 V 
d The resistance R is equal to 9 0 

, 

6.000 

, 

23. Match the readings of the voltmcter and ammeter, 
respectively shown in the figu res. 

a 

7V 

3 Q 

v 
4Q 

(PlO V 

24 V 

I2V 
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b. - -
lo 

7V , , 24V 

40 12 0 

-A 
(Q ) 20V 

C. 
- -

lO 

7V ~ 24 V 

40 120 

r, 

A 

(R)OA 

d .-----
lO 

C-
r, 

7V ';( 24 V 

4 0 120 

~ ~ 

($)20 V 

Fig. A2.I08 

24. In the figu re shown (all batteries are ideal), 

l:v lo~, rov l:: 
Fig. A2.109 

a. current through 25 V cel l is 20 A 
h current through 25 V cell is 12.5 A 
c. power supplied by 20 V cell is 20 W 
d powcrsuppl ied by 20 V cell is - 20 W 

Lv 
J 

25. Consider a resistor of uniform cross-section area connected 
to a battery of internal resistance zero, if the length of the 
resistor is doubled by stretch ing it then 
a. current will become four times 
h the electric field in the wire will become half 
c. the thennal power produced by the resistor will become 

one fou rth 
d the product of the current density and conductance will 

become half 
26. A variable current flows through ~ I n resistor for 2 s. Time 

dependence of the current is shown in the graph. 

J (A) 

10 

,,!-- ---',-_ I(S) a 2 

Fig. A2.1l0 
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a. Total charge flown through the resIs tor IS !U C 
b. Average current through the resistor is 5 A 
c. Total heat produced in the resistor is 50 J 
d Maximum power during the flow of current is 100 W 

27. For the circuit shown in the}'\g';r.e 

Fig. A2.tll 

a. the current I through the battery is 7.5 mA 
h the potentia l di fTerenec across RL is 18 V 
c. ratio of powers dissipated in RI and R2 is 3 
d If RI and R2 are interchanged, magnitude of the power 

dissipated in Rio will decrease by a faetorof 9 
(lIT ...IEE,2009) 

Assertion-Reas~ning 

Type, • Solulions on page A2.45 

a. Statement I is true, Statement II is true; Statement II is a 
correct explanation for Statement I. 

b. Statement I is true. Statement II is true; Statement II is not a 
correct explanation for Statement I. 

c. Statement I is true, Statement II is false . 
d. Statement I is false, Statement II is true. 

1. Statement I: If an electric field is applied to a metall ic 
conductor, the free electrons experience a force but do not 
accelerate; they only drift at a constant speed . 
Statement II: Tllc force exerted by the electric field is 
completely balanecd by the Coulomb force between 
electrons and p,rotons. 

2. Statement II: .In the meter bridge experiment shown in 
Fig. A2.112, the balance length AC correspond ing to null 
deflection of the ga lvanometer isx. If the radius of the wire 
AB is doubled, the ba lanced length becomes 4x. 

" 

" " ';1. 
, c 0 

I- x 
~ 
Fig.A2.1I 2 

Statemcnt II: The resistance ofa wire is inversely proportional 
to the square or its radius. 

3. Statemen t I: In the potentiometer circuit shown in 
Fig. A2 .1 13, E I and E2 are the e.m.e. of cells C1 and C2, 
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A2.20 Physics for IIT-JEE: Electricity and Magnetism 

respectively, with E[ > E2. Ccll C[ has ncgligible internal 
resistancc. For a given resistor R, the balance length is x. If 
the diameter of the potentiometer wire AB is increased, the 
balancc lcngth x will decrease. 

c, R, 

A f::==~·~==='::.-------.JB 

c, G 

Fig.A2.Il3 

Statement II: At the balance point, the potential difference 
between AD due to cell C[ = E2, the e.m.f. of cell C2.• 

4. Statement I: When an external resistor of resistancc R 
(connected across a cell to internal resistance./") is varied, 
powcr consumed by resistance R is maximum when R = r. 
Statement II: Power consumed by a resistor of constant 
resistance R is maximum when current through it is maximum. 

~ 

5. Statement I: The current density J at any point in ohmic 
~ 

resistor is in the direction of electric field E at that point. 

Statement II: A point charge when released from rest in a 
region having only electrostatic field always moves along 
electric lines offorce. 

6. Statement 1: A wire ofunifonn cross section and unifonn 
resistivity is connected across an ideal cell. Now the length of 
the wire is doubled kceping volume of the wire constant. The 
drift velocity of electrons after stretching the wire becomes 
one fourth :>fwhat it was before stretching the wire. 
Statement II: Ifa wire (ofunifonn resistivity and uniform 
cross section) of length 10 is stretched to length nlo then its 
resistance becomcs n2 times of what it was before stretching 
the wire (the volume of wire is kept constant in strctching 
process). Further at constant potential difference, current is 
inversely proportional to rcsistance. Finally, drift velocity of 
free electron is directly proportional to current and inversely 
proportional to cross-sectional area of current carrying wire. 

7. Statement I: Ifthcre is current in a wire, potential drop has to 
be there. 
Statement II: Ifpotential drop is zero, the resistance maybe 
zero. 

8. Statement I: Kirchhoff's laws cannot be applicd in circuits 
with inductors. 
Statement II: Kirchhoff's laws can be applied in circuits 
\",ith capacitors. 

9. Statement I: The switch S shown in Fig. A2.l14 is closed at 

t = O. Initial current flowing through battery is ~. 
RH 

Fig. A2.114 

Statement II: Initially, capacitor was uncharged, so resistance 
offered by capacitor at t = 0 is zero. 

10. Statement I: Consider the two situations shown in Fig. 
A2.11S Potential difference between pointsA andB in Case 
I is more as compared to Case II. 
Statemeni II: In Case I, VA - VB= E+ lr 
InCase II, VA- VB=E - Ir 

E 

" ~. --- -II r-----'VWV----O B , 

Case [ 

E 

A~'~---Il r-----'VWV----OB 

Case Jl 

Fig. A2.llS 

11. Statement I: Elcctric field outside the conducting wire which 
carries a constant current is zero. 
Statement II: Net charge on conducting wire is zero. 

12. Statement I: A conductor carrying electric current becomes 
electrically charged. 
Statement II: A conductor carrying electric current contains 
same number of positive and negative charges and thus 
conductor is electrically neutral. 

13. Statement II: When the length of a conductor !s doubled; 
its resistance will also get doubled. 
Statement II: Rcsistance is directly proportional to the 
length of a conductor. 

14. Statement I: In thc following circuit, c.m.f. is 2 V internal 
rcsistance of the eell is 1 Q and R = 1 Q the reading of the 
voltmeter is I V. 
Statement II: V= E - ir, whereE= 2V, i= 1 A andR = I Q 

R 

Fig. A2.116 

15. Statement I: Direction of current cannot be from negative 
potential. 
Statement II: Direction of current is opposite to the flow of 
electrons. 

16. Statement I: When a cell is charged by connecting its 
positive electrode with positive terminal of the charger 
battery, then potential difference across the electrodes of 
cell win be smaller to the e.m.f. of cell. 
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Statement II: Potential difference across electrodes in 
providing electric current is E - /r, where E is e.m.f. and r 
internal resistance. 

17. Statement I ; The drift velocity of electrons in a metallic wire 
will decrease, if the temperature of the wire is increased. 
Statement II: On increasing temperature, conductivity of 
metallic wire decreases. 

18. Statement I: In a simple battery circuit, the poin! at the 
lowest potential is positive tenn inal of the battery. 
Statement II: The current flows towards the point oflowest 
potential for battery, as it does in a circuit from positive to 
the negative terminal. 

19. Statement I: Insulators do not allow flow of current through 
them. 
Statement I I: Insulators have no free-charge carrier. 

20. Statement I: In a wire of non-uniform cross section, the 
current is the same everywhere. 
Statement II: The current in a wire is due to the drin of 
electrons along the wire. 

21. Statement I : When two conducting wires of different 
resistivity having same cross-section area are joined in 
series, the electric field in them would be equal when they 
carry current. 
Statement II: When wires are in series they carry equal 
·current. 

Comprehension Type Solutions C!n page A2.46 

For Problems 1-5 

___ Ram and Shyam purchased two electric teakettles A and B of same 
size, same thickness and same volume of 0.4 L. They studied the 
specification of kett les as under 

Kettle A: 
Specific heat capacity == 1680 J/kg-K 
Mass - 200 g 
Cost - Rs. 400 
Kettle B: 
Specific heat capacity == 2450 Jlkg-K 
Mass ==400 g 
Cost - Rs. 400 
When kettle A is switched on with constant potential source, 

the tea begins to boil in 6 min. When kettle B is switched on with 
the same source separately then tea begins to boil in 8 min. The 
efficiency of kett le is defined as 

== Energy used for liquid heating 

Total energy supplied 

They made discussion on specification and efficiency of 
kenles and subsequcnlly prepared a list of questions to draw the 
conclusions. Some of them are as under (Assume specific heat o f 
tea liquid as 4200 J/kg-K and density 1000 kg/m).) 

1. EffieiencyofkeltleA is 
a. 63.34% b. 83.34% c. 93.34% d. 73.34% 

2. Efficiency of kettle B is 
a. 82.5% h. 72.5% c.92.5% d. 62.5% 

~, '1 
.,. KatlO ot etllclency constllned charges for one time boiling of 

tea in kettle A to that in kcttle B 
a.3:5 b.2:3 c. 3:4 d.l:1 

4. If resistances of coil of kettles A and Bare RJI and Rs 
respectively, then we can say 

a.R,4>Rs 
d cannot be ascertained by above date 

S. Ifboth the kettles are joined with the same source in series 
one after the other. Then boiling starts in kettle A and kettle 
B after 
a. 4 times of their original lime 

b. equal to their original time 

c. 2 times oftheir original time 

d. cmmot be ascertained by the above data 

For Problems 6-8 
A car battery with a 12 V e.m.£. and an internal resistance of 
0 .04 Q is being charged with a current of 50 A. 

6. The potential difference Vacross the tenninals of the ballelj' 
;s 
a. 10 V b. 12 V c. 14 V dl6V 

7. The rate at which energy is being dissipated as heat inside 
the battery is 
a.lOOW h. SCOW c.600W d.700W 

8. The rate of energy conser'. dlion from electrical to chemical 
;s 
a. WOW b. SOOW c.600W d. 7ooW 

For Problems 9-13 

By ammeters and voltmeters in combination 

A voltmeter. and an ammeter can be used together to measure 
resistance and power. The resistance R of a resistor equals Ihe 
potential difference Vob between its tcrnlinals divided by the current 
1; that is, R == VntJI. The power input P to any circuit clement is the 
product of the potential difference across it and the current through 
it; that is, P '" VQIt 1. In principle, the most straightward way to 
measure R or P is to measure VQIt and I simultaneously. 

R b 
R, R b 

" 
, • -0- ~ A 

~ ~ 

I I 

-(V} R, 
& :-v: R, 

(.) (b) 

Fig. A2.117 

By Ohmmeters 
An altcrnative method for measuring rcs.istance is to use a d' 
Arsonval meter in an arrangement called an ohmmeter. II consists 
of a meter, a resistor and a sourcc (onen a flashlight battery) 
connected in series (Fig. A2. J 18). The resistancc R to be mcasured 
is connectcd bctween IcnninalsXand Y. 

., 
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A2.22 ?hysics for IIT-JEE: Electricity and Magnetism 

I/. 
, 

? 
% E .:: -' 

R, , , 
X -_'.- Y 

• 
Fig.A2.118 

, 
, 
'i. , 

The series resistance Rs is variable; it is adjusted so that when 
tenninals X and Yare short-circuited (that is, when R = 0), the 
meter deflects full-scale. When nothing is connected to tenninals 
Xand Y, so that the circuit betweenXand Yis open (that is, when 
x ~ 0<», there is no current and no deflection. For any intennediate 
value of R the meter deflection depends on the value of R, and the 
meter scale can be calibrated to read the resistance R directly.· 
Larger currents correspond to smaller resistance, so this scale 
reads backward compared to the scale showing the current. 

'Measurement of Resistances 

R b 
R, , , , R 
A 

~ ~ 
I I 

R, ~l, 

v 

e,) 

-
I/. 

? ,. 

~ 
x 

EcO , 

y 

R 

,,) 
Fig.A2.l19 

V 
R, 

(b) 

b , 
A 

9. Suppose we want to measurc an unknown resistance R, 
using the circuit in Fig. A2.119 (a). The voltmeter resistance 
and ammeter resistance are respectively R,. = 10,000 0 and 
RA = 2.00 O. If the voltmeter reads 12.0 V and the amnieter 
reads 0.100 A, then resistance R is 
a.120n b.l lSO c. 1210 d.lOS0 

10. Suppose the meters in the above problem are connected to a 
different resis tor in the circuit of Fig. A2.119 (b), and the 

readings obtained on the meters are the same as in the above 
problcm. The value of this new resistance is 
a. 1200 b. IIS0 c. 1210 d 1080 

11. 'In the ohmmeter in Fig. A2.119 (c), the coil of the meter has 
resistance Rc= 50 0, and the current required for full-scale 
deflection is 1.50 rnA, the source is a flash light battery with 
E = 0.75 V having negligible internal resistance. rhe 
ohmmeter is to show a meter deflection of 112 offul! scale 
when it is connected to a resistor with R =:= 500 W. The series 
resistance Rs required is equal"to--
a.500 b.5000 c.4500 d450 

12. In Fig. A2.120, 1.50 rnA ohmmeter having a resistance of 
1000 (at current of 1.50 m meter deflects full scale). The 
battery has an e.m.f. of 0.9 V and negligible internal 
resistance R is chosen so that when the tenninals a and'b are 
shorted, the meter reads 3/4 of full scale. When a and b ar~ 
open the meter reads zero. The corresponding value of R is , 

M 

ohmmeter , 

-~& 
, b 

Fig.A2.120 

a. 100 0 b. SOO 0 c. 700 n d 900 n 
13. In Fig. A2.120, if R =200 n andR = 300 0. then meter gives 

a._ full-scale deflection 

b. half of full-scale deflection 
c. one fourth of deflection 
d. three fourth of deflection 

For Problems 14-16 

Electric fuse is a protective device used in series with an electric 
circuit or an electric appliance to save it from damage due- to 
overheating produced by strong current in the circuit or 
application. Fuse wire is generally made from an alloy of lead and 
tin which has high resistance and low melting point. -It is 
connected in series in an electric installation. If a -circuit gets 
accidentally short circuited, a large current flows, then fuse wire 
melts away which causes a break in the circuit. The power 
through fuse (F') is equal to heat energy lost per unit area per unit 
time (h) (neglecting heat loses from ends of the wire). 

P=/2R= hx2trrl [R= P/z] 
, '" 

r and I are the length and radius offuse wirc, respectively. 
A battery is described by its e.m.f. (E) and internal resistance 

(r). Efficiency of a battery (1]) is defined as the ratio ofthe output 
power to the input power 

Output power 100" '1 = x 1"0 
Input power 
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r · ············ ·· • E • 

r --H: 'I ' : : " . , . . _--------------, 
I 

R 

F ig. A2.121 

·E 
but 1::::1 - - • input power - El 

R+I' 
Output pov,;cr :=.EI_ / 2/, _ ---- --

(EI_/2
,) ( f"l Then 1J :=: EI x 100 \- E x lOO 

= 1-(R~ ,HlX 1 OO 
q = (~lX100 

R+o 
We know that output powcrofa source is maximum whenlhc 

external resistance is equal to internal res istance, Le., R = r. 
14. Two fuse wires of same potent ial material are having length 

ratio I: 2 and ~at io 4 : 1. Then rcspectiveraliooftheircurrent 
rating will be 
a. 8:1 b. 2: 1 c. I :8 d 4: 1 

15. The maximum power rating o f a 20.0 n fuse wire is 2.0 kW. 
then Ih is fuse wire can be connected safe ly 10 a D.C. source 
(negligible internal res istance) of 
a, 300V b. 190V c. 250V d. 220 V 

16. Efficiency of a battery (non- ideal) when dellvering the 
maximwn power is 
a, 100% b. 50'% c. 90''10 d.40'% 

For Problems 17-21 

Muiti range ammeter nnd voltmeter are used for measuring current 
and potential in di fferent ranges. For three-scale multirange ammeter, 
the meter is connected with different resistance RI , R2 and R3 as per 
shown in Fig: A2.1 22(a). The resistance of galvanometer is small and 
ftxed and it gives fu ll-scale defl ection for certain currentiG. 

When the meter is connected to the circuit being measured, 
one connection is made to the post marked (+) and the other to 
the post marked w ith the desired range. The values of R I' R2 and 
R] are so released in 'order to meet the requirement. Suppose 
connection is made between A and D, then the total current up to 
I , enters and distr ibutes through ft rst branch R] and other branch 
combi nat ion o f Ra,R) and R1. The circuit equation can be written 
as the potential drop is same 

Ia(Rv +R 2+ Rl J=(/I -IG] R I 

R, 
-0 
~ 

R, '2 R, 
I, >i» f). 

A 8 C D 

• I, I, I, 

(a) 

Appen~ ix A 2: Miscellaneous Assignments and Archives on Chapters 5.10 A2.23 

RG R, R2 RJ 

r-<G1-~ ~G')--"vWVv-rWW'n--"vWVv- VJ ;> Vl )- VI 

p Q R s 
• P, v, v, 

(b) 

Fig. A2.122 

In the s imilar way for other connections (between A and C. 
between A and D), equations can be written and R" R2 and R] can 
be evaluated according to given range of 11, 12 and 13, 

In case of mult irange voltmeter, the galvanometer is connected 
with three resistances RI, R2 and R) as per Fig. A2. 122(b) When 
the meter is connected to the circuit bcing measured, one 
connection is made to the post marked + and the other to the post 
marked with the desired vo ltage range. Thc resistance of 
galvanometer is fixe d lind it gives fu ll-scale deflection for certain 
current I G' The resistances RI , R2 and Rl arc calculated according 

to given range of VI' V2 and "3' 
17. For I)" 0.100 A and RG '" 36 n, the value of R, + R2 + R) 

should be (ifmcter gives full-scale deflcc tion) 
a. 4Q b.3.6 Q c.OAQ d. 0.36 fl 

18. In the above problem, if 12 == I A, then the value of RI + R2 
should be 
a. 4fl b.3.6Q c. O.4n d. 0.360 

19. In the above problem, if 11 = 10 A, then the value of R I 
should be 
a. 4 0 b. 3.6 Q c.O.4n d.0.36.o: 

20. For VI = 3.00 Y, "2 " 15.0 and V3 = 150 Y, the value of 
Rl + R2 and R) are respectively ( if meter gives full-sca le 
deflection for 10"" 1.5 mAl 
a. 5kn , 10 kn, 100kn 
c. 1.975 kn , 8 kn, 88 kn 

b.2kn,Skn, 88 kn 
d. 1.975 kn,Skn,90kn 

21. Ifi n Fig. A2.122(a) three scales arc: 
11 = 10 A, 12 '" I A, I) = 0. 1 A and in Fig. A2.l22(b) three 
scales are VI" 3 Y, V2= IS Y, V) '" ISOY. 

50n M !50n N 

200n L loo n 

200 n 

<00 v 
, C· 

F ig. A2. 123 

III Fig. A2.123, the potential di fference between Land M and 
the current through resistance o r 150 n arc to be measured, 
Ihen the connections should be for multi voltmeter and 
lTI\lltimeterareas: 

:I . L -i P,M -iSali.d M -iA,N~D 

b. L -4 P,M -i Qalld M -i A,N -4 B 

c. L -) P,M -4 Rand M -4 A,N -4 D 

d. /, -4 1', M -4S and M ~A , N-4 C 
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A2.24 Physics for IlT-JEE: Electricity and Magnetism ' 

For Problems 22-24 

In the connection shown in the figure, initially the switch K is 
open and the capacitor is uncharged. Then the switch is closed 
and the capacitor is charged up to the steady state and the switch 
is opened again. Determine the values indicated by the ammeter. 
[Given: Vo = 30 V,R I '" IOkn,R2 =5kn] 

c 

A 
.r~· R, R, 

/ 
Y, K 

Fig.A2.124 

22. Just after closing the switch 
a. 2 rnA b.3 rnA c. 0 rnA d. None of these 

23. A long time after the switch was closed 
a. 2 rnA b.3 rnA c. 6 rnA d. none of these 

24. Just after reopening the switch 
a.2mA b.3mA c.6rnA d. None of these 

For Problems 25-27 

Resistance value of an unknown resistor is calculated using the 
V . 

formu la R =[ where Vand lbe the readmgs ofthe voltmeter and 

the ammeter, respectively. Consider the circuits below. Thc internal 
resistances of the voltmeter and the ammeter (R y and Ro. 
respectively) are finite and non-zero. 

v 

.R R 

E E , 

(.) (b) 

Fig. A2.12S 

Let RA and Ro be the calculated values in the two cases A 
and E, respectively. 

25. The relation between RA and the actual value of R is 
a.R>RA hR<R", 
c. R = R", d dependent upon E and r 

26. The relation between RB and the actual value of R is 
a. R<RB h R >RB 
C. R = RB d dependent upon E and r 

27. If the resistance of voltmeter is Rv= I kn and that of ammeter 
is Ro = I n, the magnitude of the percentage error in the 
measurement of R (the value of R is nearly 10 Q) is 

a. zero in both cases 
b. non zero but equal in both cases 
e. more in circuit A 
d mere in circuit B 

For Problems 28-30 
In the circuit given below, both batteries are ideal. e.m.f. E1 of 
battery 1 has a fixed value, but e.m.f. E2 of battery 2 can be varied 
between 1.0 Vand.lO.O V. The graph gives the currents through 
the two batteries as a function of £2' but are not marked as which 
plot corresponds to which battery. But for both plots, current is 
assumed to be negative when the direction of the current through 
the battery is opposite' the direction of that battery'S e.m.f. 
(direction of e.m.f. is from negative to positive). 

R, 

0.4 :.. .. , ... ..; ... 

.. ,. 

$ 0.2;' · . 

Ez(V) 

Fig. A2.126 

28. The value ofe.m.f. EI is 
a8V 
c. 4 V 

29. The resistance RI has value 
a. 10 n 
c. 30 n 

30. The resistance R2 is equal to 
a. IOn 
c.30n 

For Problems31- 33 
The circuit shown in steady state: 

'0 

45 V 

100 

h6V 
d 2V 

b. 20.Q 
d 40n 

b. 20n 
d 4DQ 

50 

100 

Fig.A2.127 

31. The charge in capacitor C I is 
a. 20 I!C 
c. 40 IlC 

32. The charge in capacitor C2 is 
a. 30llC 
c. 20 IlC 

b. 30 ).I.C 

d 10 j.l.C 

b. iOlle 
d 40f,lC 

, 
45V 
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33. The charge in capacitor C3 is " 
a. 1O)lC h 30 )lC 
c. 20 )lC d 40 IlC 

Matching CoLumn 
Type Solutions on page A2A7 

Colunm I and colunm II contains four entries each. Entries of 
colunm I are to be matched with some entries of colunm II. One or 
more than one entries of colunm I may have the matching with the 
same entries of colunm II and one entry of colunm I may have one 
or more than one matching with entries of column II. 

1. A battery of e.m.f. E is connected across a conductor as 
shown in Fig. A2.128. As one observes from A to B, match 
the following: 

8 
A t " j -

E 

r. remains same 
drop across the s. cannot be detennined 

2. Colunm I gives physical quantities based on a situation in 
which an ideal cell of e.m.f. V is connected across a 
cylindrical rod of uniform cross-sectional area and 
conductivity (s) as shown in figure. E, J, ,pand j are electric 
field at, current density through, electric flux through and 
current through the shaded cross section, respectively, as 
shown in Fig. A2.129 Physical quantit ies in column II are 
related to those in column 1. Match the expressions in 
column I with the statements in columns II. 

.-I 

COlumn I 

a. ¢ 
i 

h E 
J 

, 

Shaded eross 
$Cclion I 

\7 f-

, 
Fig.A2.129 

,'; CohimnD 

p. Conductivity of the rod 

q. Resistance of the rod 

Appendix A 2: Miscellaneous Assignments and Archives on Chapters 5-10 A2.25 
. " ~'-

.. C • . a¢V 

V d,.,. 
<7 y 

r.·Resistivity ~f.the· rod 
~ ,-:. 

s. Powerdeliveredtother 

3. In the circuit shown in Fig. A2.130. battery, ammeter and 
voltmeter are ideal and the switch S is initially closed as 
shown. When switch S is opened, match the parameter of 
column I with the effects in column II and indicate your 
answer by darkening appropriate bubbles in the 4 x 4 matrix 
given in the OMR. 

I 
E 

Fig A2 130 . . 
Column I ··· ·ColuinnD 

a. Equivalent resistance p. remains same -
across the battery 

b. Power dissipated by q. increases 
left resistance R 

c. Voltmeter reading r: decreases 
d Ammeter reading s. becomes zero 

4. Column I gives physical quantities ofa situation in which a 
current j passes through two rods I and II of equal length 
that are joined in series. The ratio of free electron density 
(1]), resistivity (P) and cross-section area (A) of both are inratio 

nj:n2 =2:1; P2 =2:1 and Aj:A2 =1:2 respectively. 

Column II gives corresponding results. Match the ra~ios of 
column I with the values in column II and indicate your 
answer by darkening appropriate bubbles in the 4 x 4 matrix 
given in the OMR. 

"j : II 
A 8 c 

Fig. A2.I31 

Column I ColumnD 

a. 
Drift velocity of free electron in rod I 

Drift velocity of free electron in rodii 
·p.O.5 

Electric field in rod I 
h 

Electric field in rod II 
q. I 

Potential difference across rod I 
c. Potential difference across rod II r.2 .. 
d 

Average time taken by free electron ,.4 
Average time taken by free electron .. 

to move from A to B 

to move from B to C 

t , . 
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A2.26 Physics for lIT .JEE: Electricity and Magnetism 

S. Match the statements in column I with the result in column II 

Column! ColumnU 

a. A variable resistor is eonnecled~_,_~" p.·first increases for 
across a'non-ideal cell. As the-· sometime and the 
resistance of the variable resistor is 
continuously increased from zero 
to a very large value, the electric 
power consumed by the variable 
reSistor \. : . 

decreases 

b. A circular ring lies in space having q. first decreases' fo 
uniform and constant magnetic field. some time and 
Initially the direction of magnetic then increases 
field is parallel to the plane of the 
ring. Keeping the centre of ring fixed 
the ring is rotated by 180· about one 
of its diameter with constant angular 
speed. For the duration the ring 
rotates, the magnitude of induced 
e.m.fin the ring 

c. A thin rod oflength I em lies along r. is always constan 
principal axis ofa convex lens of 

- focal length 5 cm. One end of rod is 
if a distance I em from optical centr 
of the lens. The convex lens is moved 
(without rotation) perpendicular to 
initial principal axis by 5 mm and 
brought back to its initial position. 
The length o.fthe image of the rod 

, 
I 

. I 
s. lllcreases or may 

increae over som 
time interv.al 

d. Apulb (of negligible inductance) 
and a capacitor in series are 
conn~ted across an ideal ac 
source of corist~nt peak voltage" 
and variable frequency. As 

.- _. ,- ' . 

frequency of ac source is 
continuously increased, the 
brightness of bulb . 

... , 

6. In the Circuit shown, all the ammeters are Ideal. Match the 
following based on the circuit 

"y 

'. 
'" " , 
"Y 

'. 
'" 

Fig.A2.132 

"Column! 

a. If the switch S is open, the 
ammeter(s) that read(s) 
less than lOA 

h If the ~itch S is open, the 
ammeter(s) that rcad(s) 
equaLcurrent 

'" 
'. 6Y 

'" '. 
<ov 

Column II 

.c. ~fthe switch S is closed, the 
ammeter( s) that read( s) 
more than 5 A 

d If the switch S is closed, 
the ammeter(s) that show(s) 
increase in the reading 

:, --'- - -,,:-i-1""::: 

r ,1' 

7. Consider two identical cells each of c.m.f, E and internal 
resistance r connected to aJoad.·resistance R 

Column! . 

a. Maximum power transferred 
to load jf cells are ,~onnected 
in series '"~ 

b. ,Maximum po)¥ertransferred ' 
to load if cells arc connected 
inpara!lel 

e. Power transferred to load if 
cells are connected in series 
andR=r 

d Power transferred to load if 
cells are connected in parallel 
andR= r 

·· ColumnII · , :" 

'II·', :/t,r, 
'.;:~"1 ".;;i, 

8. In an experiement for comparing e.mJ.s of two primary cells 
using potentiometer, some obserVations are given in column L 

Column I 

a. Deflection of galvanomet~r 
is in same direction at two 
ends of the wire ·. 

ColumnD ". 

P. Accuracy in 
measurement incre!,lse .\ 

, .• ' 
h A series protective q. The positive terniinals 0 

resistance added in series all batteries/cells are not 
to the galvanometer connected at a point 

c. A short wire is used in";" , r. e',rh.'f.~o[batteFy:iri~~
potentiometeF" ,:' ;.'" ._ ... _. "--prj~arY c)rcuiUs les~ th~ 

• 1 ' , , ,. ',., .' 

. , ". ~'= "J1e .e'l!1,t~4fP.tP-P.~"",r ,. measured " ." :." .' . 

d More length of wire up to 
'-'-null point 

s. Uncertainity''ift "the' 
, . . 'i ' • 'fe, " , ' . 

locatIOn of1:ialance pom 
. ! . 'l' ,,,, 
mcreases 

Solutions on'page A2.49, ' 

1. An electric bulb rated for 500 watts at 100 volts is used in a 
circuit having a 200 volts supply, The resistance R that must 
be put in series with the bulb, so that the bulb delivers 
500 watts is ___ ohms. (lIT -JEE,1987) 

2. The equivalent resistance between points A and B in the 
circuit (Fig. A2.133) is ___ Q. 

'~B 
Fig.A2.133 
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(DT .JEE, 1997) 
3. In the circuit shown (Fig. A2.134), each battery is 5 V and 

has an internal resistance 0£0.2 ohm. rf---j>---1 

L ~ ~ f---1----J 
Fig.A2.134 

The reading in the ideal voltmeter Vis ___ Y. 

True or Folse 

1. In an electrolyte solution, the electric current is mainly due 
to i'novement offree electrons. (IIT-JEE,1980) 

2. Electrons in a conductor have no motion in the absence ofa 
P91enti;, difference across it. (lIT -JEE,1982) 

3. T~~current-voltage graphs for a given metallic wire at two 
ditlerent temperature TI and T2 are shown in Fig. A2.135 

I 

Fig.·A2.135 

The temperature Tl is greater than T •. (liT .JEE,1993) 

Single Correct Answer Type 

1. The temperature coefficient of resistance of a wire is 0.00125 
per °C. At 300K, its' resistance is 1 ohm. This resistance of 
the wire wi!! be 2 ohms at 

a. l154K h llooK 
c. 1400K d. 1127K (DT.JEE,1980) 

Z. A constant voltage is applied between the two ends of a 
unifonn metallic wire. Some heat is developed in it. The heat 
developed is doubled if 

a. both the length and the radius of the wire are halved 

b. both the length and the radius of the wire are doubled 
c. the radius of the wire is doubled 

d. the length of the wire is doubled ' (TIT -.fEE, 1980) 
3. The electrostatic field due to a point charge depends on the 

distance r as ~. Indicate which of the following quantities , 
shows same dependence on r. 
a. Intensity of light from a point source 
b. Electrostatic potential due to a point charge 
c. Electrostatic potential at a distance r from the centre of a 

charged metallic sphere. Given r< radius of the sphere 
d. None of these (TIT -JEE,1980) 

4. In the circuit shown in Fig. A2.136 the heat produced in the 
5 n resistor due to the current flowing through it is .10 
calories per second. 

Appendix A 2: Miscellaneous Assignments and Archives on Chapters 5·10 A2.27 

The heat generated in the 4 n resistor is 

a. I c~;lorie/s 
c. 3 calories/s 

4 {l 6 n 

sn 

Fig. AZ.136 

b. 2 calories/s 
d. 4 calories/s 

(DT .JEE,1981) 
5. The current i in the circuit is 

JOn 

Fig. AZ.137 

b. I115 A a. 1/45A 
c. l/IOA d. 1/5A (IlT-JEE,1983) 

6. A piece of copper and another of germanium are cooled from 
room temperature to 800 k. The resistance of 
a. each of them increases 
b. each of them decreases 
c. copper increa.ses and gennanium decreases 
d. copper decreases and gennanium increases 

(DT,JEE,1981) 
7. A battery of internal resistance 4 n is connected to the 

network of resistances as shown. In order that the maximum 
power can be delivered to the network, the value of R in n 
should be 

E 

4n 

•• 419 
<. &"3 

R 

R 

6R 

R 

Fig. AZ.138 

b.2 
d. 18 

R 

R 

4R 
vv-

OlT .JEE.I99S) 

8. A steady current flows in a metallic conductor of non
uniform cross-~ection. The quantity/quantitics constant 
along the length of thc conductor is/are 
a. current, electric field and drift speed 
b. drift speed only 
c. current and drift spced 
d CUtTcnt only (IIT-JEE, I997) 
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( 
A2.28 Physics for IIT-JEE: Electricity and MagneDsm 

9. A parallel combination of 0.1 mn resistor and a 10 ).IF 
capacitor is connected across a 1.5 V source of negligible 
resistance. The time required for the capacitor to get charged 
up to O.7SV is approximately (in seconds) 

a. 00 b. 10&2 c. log102 d. zero 
(lIT -JEE, \997) 

10. In the circuitP#R, the reading of the galvanometer is same 
with switch S open Of closed. Then 

p 

R 

v 

Fig.A2.139 

a.IR =Io hlp =lo 
c.IQ=lo d IQ=lR QIT-JEE,1999) 

11. In the given circuit, with steady current, the potential drop 
across l!lC capacitor must be 

v 
_, L 

v 
----j I 

:,v 
" 

R 

c 
I 

~~, 

Fig.A2.140 

a. V h. VI2 
c. VI3 d. 2V/3 QIT-JEE,2001) 

12. A wire of length L and three identical cells of negligible 
internal resistances arc connected in series. Due to the 
current, the temperature of the wire is raised by 6.T in a time 
t. A number N of similar cells is now connected in series with 
a wire of the same material and cross section but of length 
2L. The tempemture of the wire is mised by the same amount 
tlT in the same time I, the value of N is 
u.4 b.6 
c. S d. 9 (IIT-JEE,200t) 

13. In the given circuit (Fig. A2.141), it is observed that the 
current I is independent of the value of the resistance R6• 

Then the resistance values must satisfy 

R, ~ 
I R, 

R, 

R, 

Fig.A2.141 

u.R)R2 Rs=R)R4 R6 

1 I I 1 
b. -+-=--- +--

Ii, 14 R,+R, R, +11, 

c. R)R4=R2R3 

R, 

d R)R3=R2R4=RsR6 (TIT-JEE,2001) 
14. The effective resistance between point P and Q of the 

electrical circuit shown in Fig. A2.142 is 

2R 2R 

2R 

" " p Q 

2R 
2R 2R 

Fig.A2.142 

SR(R+r) 
b. R 3 +, 

c. 2r+4R d. 5R +2r (llT-JEE,2002) 
2 

15. A 100 W bulb B» and two 60 W bulbs· B2 and B3 are 
connected to a 250 V source, as shown in Fig. A2.143. Now 
WI' W2 and W) are the output powers of the bulbs B) andB2, 

and E3, respectively. Then 

a W»W2='W3 
c. W)<W2=W3 

B, 

B, 

250V 

Fig.A2.143 

h WI> W2> W3 
d W1<W2<W3 

(lIT .JEE, 2002) 
16. Express which ofthe following setups can be used to verify 

Ohm's law? 
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" ., 

.1. -OJ- .1 • 
/ I 

•• ( ~ b. :4J ( ~ 

1e H-

A 
.1. 

/ 

.. d • 

Fig.A2.144 
(TIT .JEE, 2003) 

17. In the shown arrangement of the experiment of the meter 
bridge (Fig. A2.145) if AC corresponding to null deflection 
of galvanometer is x, what would be its value if the radius of 
the wire AB is doubled? 

R, 

11_ x _ C - B 

Fig.A2.145 

a. x b. x14 
c. 4x d. 2x (llT .JEE,2003) 

18. The three resistances of equal value are arranged in the 
different combinations (Fig. A2.146). Arrange them in the 
increasing order of power dissipation. 

(I) (II) 

(III) (IV) 

Fig.A2.146 

a. III<II<JV<I h. II<III<JV<I 
c.I<IV<III<IJ d. I<JII<II<IV 

(llT.JEE,2003) 
19. Fig. A2.147 shows a Post Office box. In order to calculate the 

value of external resistance, it should be connected between 
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D 

C B 

. . . 
" .. • • 

. 
\ 
\ 

. 
{f"j 
c' 

. . 
\ 

A 

Fig.A2.147 

b. A andD a. B' and C' 
c. CandD d Band D (lIT -JEE,20(4) 

20. Six identical resistors are connected as shown in Fig. 
A2.148. The equivalent resistance will be 

R 
P~--~NVVr----7Q 

R 

Fig.A2.148 

a. MaximumbetweenPandR 
b. MaximumbetweenQandR 
c. MaximumbetweenPandQ 
d All are equal (lIT-JEE.2004) 

21. A capacitor is charged using an external battery with a 
resistance x in series. The dashed line shows the variation 
of In I with respect to time. If the resistance is changed to 2x. 
the new graph will be 

a. 'P 
c. R 

s 
- .----___ R --. 

Fig.A2.149 

Q 
p 

b. Q 
dS (llT.JEE,2004) 

22. Find out the value of current through 2 Oresistance for the 
given circuit (Fig. A2.ISO). 
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A2.30 Physics for IIT-JEE: Electricity and Magnetism 

\ 

lOV ,0 100 20V 

\ 2Q 

•• 0 
c. SA 

Fig.A2.ISO 

b.2A 
d.4A (TIT .JEE,2005) 

23. A 4).IF capacitor and a resistance of2.5 mO are in series with 
12 V battery. Find the time after which the potential 
difference across the capacitor is 3 times the potential 
difference across the resistor. [ln2 = 0.693] 

a.13.86s b.6.93s 
c. 7 s d. 14 s (lIT -JEE,2005) 

24. A moving coil galvanometer of resistance 100 Q is used as 
an anuneterusing a resistance 0.1 O. The maximum deflection 
current in the galvanometer is 100 I1A. Find the minimum 
current in the circuit so that the ammeter shows maximum 
deflection. 
a. lOO.lrnA 
c. 1O.01rnA 

b. 1000.1 rnA 
d. 1.01 rnA 

(TIT .JEE,2005) 
25. An: ideal gas is filled in a closed rigid and thermally insulated 

. container. A coil of 1000 resistor carrying current I A for 5 
min supplies heat to the gas. The change in internal energy 
of the gas 
a. lOkJ b. 30kJ 
c. 20 kJ d. 0 kJ (TIT .JEE,2005) 

26. In Fig. A2.151,R I = 1 0,R2=20, Cl =4I1F, C2=2I1F, the time 
constants (in I1s) for the circuits I, II, III are respectively. 

,,-l'v, r~? fy'I' 
I ~ '" 

C, 

a. 18,4,819 
c. 4, 18,819 

R, C, "'r 
c, 'L r-'WJ'~ oWI

R

' '" ~f
UWR'~ Lfi-

Fig.A2.IS1 

b. 18,8/9,4 
d. 4,819,18 

(lIT .JEE,2006) 

27. 1\vo bars of radius rand 2r are kept in contad as shown in , 
Fig. A2.IS2. An electric current I is passed through the bars. 
Which of the following is correct? ' 

A til B 

--:-1------------~-----~~-----t---- . 
Fig.A2.1S2 • 

a. VAS=2VSC 
b. Power across BC is 4 times the power across AB 
c. Current density in AB and BC is equal 
d Electric field due to current inside AB and BC is equal 

(lIT -JEE, 2006) 

28. A resistance of2 n is connected across one gap ofa metre
bridge (the length of the wire is 100 em) and an unknown 
resistance, greater than 2 0, is connected across the other 
gap. When these resistancef are interchanged, the balance 
point shifts by 20 em. Neglecting any corrections,. the 
unknown resistance is 
a.30 b.40 

c. SO d.60 
(TIT -JEE, 2007) 

29. A circuit is connected a's shown in Fig. A2.IS3 with the 
switch S open. When the switch is closed, the total amount 
of charge that flows from Y to X is 

Hl 60 

y 

9V 

Fig.A2.IS3 

a. 0 b. 54I1C 
c. 27~C d. 81~C (TIT.JEE,2007) 

30: A parallel plate capacitor C with plates of unit area and 
separation d is filled with a liquid of dielectric constant 
K = 2. The level ofliquid is dl3 initially. Suppose the liquid 
level decreases at a constant speed V, the time constant as a 
function oftime t is 

L 
d t ------. * d/3 R 

I 
Fig.A2.1S4 

•• 6eoR 
b • 

(15d +9Vt)eoR 

Sd +3Vt 2d 2 _3dVt_9V2t Z / 

c. 
6eoR 

d. 
(15d-9Vt)e,R 

5d lVt 2d2 +3dVt-9V 2t2 

(lIT -JEE, 2008) 
31. Fig. A2.lSS shows three resistor configuration R I , R2, R3 

kkconnected to 3 V battery. If the -power dissipated by the 
configuration RI, R2 and R3 is PI' P2 and p) respectively, then 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



r---
--in 10 

" 3V 3V 

10 r---
10 

- - - -~ 10 

R, 

Fig. AZ.155 

a. PI <P2<P} 

c. P2>P.>PJ 

b. p . >Pz>p) 

d. P3>P2>P. 
(lIT .JEE, 2008) 

32. Statement 1: In a meter-bridge experiment, nul! point for an 
unknown resistance is measured. Now, the unknown 
resistance is put inside an enclosure maintained at a higher 
temperature. The null point can be obtained at the same point 
as before by decreasing the value of the standard resistance. 
Statement 2: Resistance of a metal increases with the 
increase in temperature. 
a. Statement 1 is true, Statement 2 is true; Statement 2 is a 

correct exphmation for statement I. 
h. Statement I is true, Statement 2 is true; Statement 2 is not 

a correct explanation for statement 1. 
c. Statement 1 is true, Statement 2 is false. 
d. Statement I is fal se. Statement 2 is true. (DT JEE, 2008) 

MuLtiple Correct Answers ..Type 
1. Capacitor C1 of capaci{~nce I micro-farad anft 'capacitofC2 

of capacitance 2 micro-farad are separately charged fully by 
"a' common battery. The two capacitors are then separately 
-allowed to discharge through e~ual resistors artime t';;", O. ' 

a. The current in each of the tWo discharging circuits is zero 
att==O 

b. The currents in the two discharging circuits at t = 0 are 
' . .. equal but not zero. . 
c. The currents in the two discharging\circuits at t "" 0 are 

unequal 
d. Capacitors C1 loses 50% of its initial charge sooner than 

C2 10ses 50 % of its initial charge. (llT~E, 1989) 

2. Read the following statements carefully: '-, 
Y: The resistively of a semiconductor decreases with the 
increase in ~el!lperature . 

. , Z: ii-i' a conducting solid, the rate of collisions between free 

ANSWERS AND SOLUTIONS 

Objective T¥pe 

t. b. When a source is connected, a current stans to flow 
through the conductor. Let it be 1. Then current density at a 
section is equal to 1/1., where A = cross-sectional area. 
Since cross-sectional area at P is maximum, therefore curren't 
density at P is minimum. Hence (b) is correct. 

Appendi~ A 2: Miscellaneous Assignments and Archives on Chapters S·10 1.2.31 

electrons and ions increases with the increase in temperature 
Select the corrcctstatement(s) from the following: 
a. Y is true but Z is false 
b. Y is false but Z is true 
c. Both Yand Z are true 
d Yis true and Z is the eorrect reason for Y (TIT ~E, 1993) 

3. In the circuit shown in Fig. A2. r56 the current through the 

30 zo 
, 

,v 'a · 'a 
. 

, 

zn zn 

Fig .. A~.156 

a. \ 0 resistor is 0.50 A 
c. 4 n resistor is 0.50 A 

h 3 n resistor is 0,25 A 
d 4 n resistor is 025 A 

\ . . . . . (lIT .JEE,I998) 

4. When a Mlentlal difference is applied across, the current 
passing thrbugh 
a. an inSulat,*~t OK is zero 
b. a semiconductor at OK is zero 
c. a metal at OK is finite 
d. a p-n dipole 'al300K is finite, ifit is reverse biased 

(liT .JEE, 1999) 

5. For the circuit shown in the figure, 

, 
Z4V'~ 

!.SkO 

Fig. A2.157 

a. the current/through the battery is 7.5 rnA 
b. the potential difference across RL is 18 V 
c. ratio of powers dissipated in RI to that in R2 is 3 
d If R J and Rl are interchanged, magnitude of the power 

dissipated in RL will decrease by a factor of9 

(IIT.JEE, 2(09) 

Since electric field is J '( _ _ 1- >: 1 p), therefore atPelectric 
• u Au A 

field is minimum while that at Q it is maximum. 
Rate of generatiqn of heat per unit length at a section will be 

1 ' . 

equal to I:. It i~min imum at P and maximum at Q. 

The mean kinetic energy of free electrons" ~ mv 2dwhich is 
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A2.32 Physics for JIT-JEE: Electricity ani! Magnetism 

minimum at Pand maximum at Q. 
2. c. In element A, the resistance remains constant up to the 

potential drop of 10 V. Further increase in the voltage does 
not increase this current (which is constant at 1 A). This 
means that the ratio VIRA ~ constant and this resistance RA 
increases linearly with voltage. 
In eiementB, the resistance decreases gradually upto IS V and 
afterwards the resistance Ro increases linearly with voltage. 
When both A and B arein series, the current in the circuit will 
increase nonlinearly upto 1 A when the total voltage drop 
across A and B becomes 10 + IS = 2Sv' Further increase in this 
voltage does not bring about any change in the current as 
shown in solution (c). The voltage drop across A will go on 
increasing whlle that acrossB remains fixed at IS V. 

3. c. Applying Kirchhoff's law atA, C, D, the direction of the 
currents in each branch will be as shown in Fig. A2.IS8. 
Now, it is clear from the figure that the batteries 1 and 4 are 
getting charged. 

20n A ,n B 15V (}) 

20V 10 4A 9A 

I 3A 0 8) 

'v r0 
I'V 

3A D 1A C 8A 

Fig.A2.IS8 

4. a. When only 4 0 resistance is shunted (ig) = i/5 

Gx i/S = 4x(4/S) ~ G~ 160 

---<@>--
Case I 

Fig.A2.I59 

5. d. Initially the capacitance acts as short~circuit and at steady 
state it acts as open circuit. 

2 
Hence att=O i= --'--2mA 

, , Ix103 

At steady state i = _2-3 = I rnA 
2xlO 

V 2 
6. c. Resistance ofthe H,rst bulb, R[ = -, P, 

v2 

Resistance of the second bulb. R[ = -
P, 

When both bulbs are connec~d in series, 

R =V2 [..!.+~l=V2(~+P2) 
C<[ ~ P2 ~P2 

Hence power consumed is 

V2 V2 
P = - - -----,'::-_=_'C 

R - V2(~+l1l 
~11 

7. c. In steady state, no current will pass through the capacitor. 
In the outer loop 

2V-2iR-iR- V=O 

~ i= V/3R-

For the upperloop, V - Vc - iR - V= 0 

~ Wd=iR=V/3 

v" R 
" 

vI 
c 
I 

2V 2R 

Fig.A2.I60 

8. C. (VA - Vo)- 6 - 3 x 2 + 9-3 x 0.7 = 0 
or VA-VB =S.1 
or VB-VA= - S.lV 

9. d. In (a), (b) and (c), the condition forbalanced Wheatstone's 
bridge is satisfied. However, this condition is not satisfied if 
R I and R2 are interchanged .. 

10. a. The reading of the galvanometer is same whether the 
switch S is open or closed. So, there is no current in the 
diagonal ann of the bridge. So, the bridge is clearly balanced. 

P R 
-=-
Q G 

SinceP'I'R, :. Q'I'G 
In the balanced position lp = IQ andIR = IG 
But lp'l' IR and IQ 'I' IG 
So, (a) is the right choice. 

Il.h 1.45=1.3+IrA 
1.45= l.5-lr8 
Iro= 0.05 
IrA= 0.15 

Dividing, " I -=-
" 3 

or rA = 3rB 

12. b.Clearly,E2=IY 

12 
2=--Yor SOO+Y=6Y 

SOO+Y 
or SY=SOOorY=lOOO 
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13. a.SinceE1 <EI •.. /2</1, 
14. b. Potential difference Vpacross Pas detennined from El is 

given by Vp = (...!L)P. 
P+Q 

Potential Vp across P as detennined from £2 is same as £2 
because no current is drawn, i.e., Vp " E2• 

Therefore, 

E,=E.(-P ) => 
P+Q 

E, P -=--
E\ P+Q 

15. a. In a Wheatstone's bridge, the deflettion in the galvanometer 
does not change if the ' battery and galvanometer are 
interchanged. 

16. a. V- E- Ir t• V=O 
.. E= Irl 
Total c.m.c. - /1'1 '" Jr. =2Irl 
Total resistance= R+r l +rz 

Now, 1 = -=-2:;1",,_ 
R+1j +r2 

or R +rl+r2= 2rl 
or R - 2rl- r l -r2orR=rl -r2 

17. a. Effective resistance across voltmeter = 50 kQ. Total 
resistance across the de supply" 450 kQ. 

1000 V 1 . 
Current drawn form supply'" ---=-A. Potential 

450kO 450 
difference across voltmeter 

= 50 X 1OOOv=1000V c ll1 V 
450 9 

18. d. When r '"' 0 the terminal potential difference in the arm, 
. containing Rl r~mains unchanged, so the ammeter reading 

does not change. 
19. d. When a resistance is joined in parallel with the vottmcter. 

the total resistance of the circuit decreases. Current will 
increase, so ammeter reading will increase. The equivalent 
resistance across the voltmeter decreases and hence its 
reading will decrease. 

,. 

Fig. A2.161 

R 20 
20.c.-=- or R=20n 

80 80 
21. a.A andE are effectively in parallel and hence give the same 

reading at all times. 
22. a. The equivalent circuit can be redrawn as shown in 

Fig. A2.162. 

Appendix A2.: Miscellaneous Assignments and Archives on Chapters 5·10 A2.33 

Let 

0' 

'R=2RX2+'2 
2R+2 
2R 

R =--+2 
R+l 

8 

Fig.A2.162 

0' 
R = 2R+2R +2 => R= 2+4R 

R+l R+l 

3+M ~-3R-2-0~ R=--
2 

R
AS

= !!..= 3+Jl7 
. 2 4 

23. b. U = ~ CV2 
.,. ~ C(21R)l = 212 R2C 

24. a.Potentialdifference -= O. :. Charge-O. 
25. d. Potential difference across the central limb = 16 V 

- potential difference across 16 Q = potential difference 
across the left limb. 
~ current through 16 Q - 1 A 
~ current through the left limb 

= 1 AandR = II Q 

TC = C: + 2 )aX(4 X 10-6) F = 40~s. 
26. b.R(il +i2)=E1 

i2R+ (il + i1)R= E2 
i1 i(+11 -;,0;; I i. 

~ 

Fig.A2.163 

E2 - EI 
R 

(Initially E= EiR] 

27. c. 1= 2.5 -1 =0.05 A 
30 . 

- 201 + 2.5" VcapadlQr + 1 

G 
R, 

I e 
• 

E, R, 

Fig. A2.164 
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A2.14 Physics for llT..JEE: Electricity and Magnetism 

28. d 

VeaplI(:lI«"" O.sV 

q<-',CV= IO x O.5- 5 
12 

i= ---
500+R 

12 
V,tB'" iR'" -- R -2 

29. a. 

500+R 
R- lOon 

Ro"'25000 
.. ~ . E= 12SV 

-When r is connected in series 

. E ,=- -
R,," 

E • 

R. 

/ r 

Fig: A2.165 

Reading in voltmeter r E - ir= 100 

.: 125 
100- 125 - L x r 

(Z500+r 

r- 625 0 

30. a. i = ~ :::.!.A 
60 4 

30 iA 10 

f'y 3J," 
31. a. 

Hence, 

B 

Fig.A2.166 

1 
VAS" - x30-7.5V 

4 
q= eV= lOx7.5 = 75 ~C 

E-jp [ j = current density1 

j= tr~2 [r = radius of cross seclion at distance 

'x' from left end] 

r= [a +(b~a)xl 
n'p E _ .....,.,--'..:c"-~ 

trR[al+(b-a)xf 

32. a. Resistance of each part - .!!... . 
2. 

For ' n' such parts connected in series, equivalent resistances, 
say 

R .. ,, _[-"-]=!i 
, 2" 2 

Similarly, equivalent resistance say R2 for another set 0 
n identical, respectively, in parallel resistances would b 

-"'(-"-)-~ n 2n 2n2 

For getting maximum of R, and R2, they resistances should b 
connected in series and hence, 

Rcq=Rj+R2=~(1+ n(2
) 

33. a. Either apply Kirchhoff's law or solve analytically. 
34. d. Use resistance in paraUe! and series combination. 
35. B. In the steady state, no current flows through the capacito 
36. B. Recall the condition for maximum power flow through 

circuit. 
8 

. j"X2 16 8' 
37. C. R~~I\ = -8-" -=- il 

_ +2 14 7 
3 

D 

'r--s 

, 
Fig.A2.167 

The chargex passing between A and D will entirely pass to DA: 
So, we can detach the c~tatpointDandshown inFig. A2.16: 

' 0 

Fig. A2.168 

38. d. (0. 1 +0.3 + 0.6)ij =(9 +0.9)x 10 

i = 99mA 

/ = (99+ JO)mA=O.109A 

'r--s 

39. b. The potential of point G should De kept zero. 
40. d. The given circuit in steady state reduces to 

/ '" 12 - 4 = 2A 
4 
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41. d. Charge flow through the battery will be 2eV, while the 
energy stored in capacitor will be the same. 

42. b. When-switch SI is open 

1=f/L = ~ 
E= 12V 

When switch S2 is closed 

6xlO 5L 5 --=- E=-xI2 =5 
10+r 12L 12 

.. 10+r= 12 or r=2Q 

43. d.FromFig.A2.l69 

(V - 15V) . 

D 

A 

9990 

C 

R 20V 0.50 

'Iv\W------1 f---VV\IY\f-~ 

Fig.A2.169 

VA - VD = 15V 
and Vc - VD = iR 

= 15x 1O-3 x (1 +999)= 15V 
VA- Vc=15- 15=O 

Energy stored = 0 
44. a. This is a case of balanced Wheatstone's bridge. 
45. d. VA - Vo=O 

A 

B 

IOV 

Fig.A2.170 

II is a balanced 
Wheatstone 
bridge 

46. b. Points A, B, C and D are at same potential, therefore no 
current will be flowing through AB, BC, CD and DA. 

.. Req=(ROA+RAP)/4=(rI4)(~a+a) 
47. b. T~e equivalent capacitance Ceq 

I 1 I 5 
- = -+ - =-

Ccq236 

Appendix A 2: Miscellaneous Assignments and Archives on Chapters 5-10 A2.3S'"" 

6 
=C =- f\F 

'" 5 
The charge that flows from 
PtoQ 

=Q=CcqV 
6 

= - x5 
5 

= 6~C 

7V 
48 d ;=- = 1 A .. 70: 

Current flows in anticlockwise direction in the loop. 

From earthing to VI: 0 - 1 x 2-1x 2-5 = V; 

r;= - 9V 

49.c.; =~ 
20+R 

Potential drop across R = potential drop acrosr AB 

Ar----- -+C _ __ --co E 

: ;- 50 V 

,~ JOV ' : , R 

20n 

B'------'\IWVv---':--~--- F 
D IOn 

Fig.A2.171 

~R=30 
20+R 

R=300: 

50. b. In Fig. A2.ln, all resistances are connected in parallel. 

2R J. R B 

1'----_-----------"1 

Fig.A2_172 

So, 2RxRI2 . II' fl Rcq = and current m a resistances ows 
2R+R12 

from positive tenninal of battery (means A end) to negative 

tenninal of battery (means Bend). 
51. b. Just before SI is closed the potential difference across 

capacitor 2 is 2e. 
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A,2 .16 Ptlysics for IIT.JEE: Electricity arM! !o\agnttism 

Just after SI is closed the potential differences across 
capacitors 1 and 2 are 0 and 2£ respectively. Applying KVL 
to 100pABCD immediately after S] is closed, 

£ = -iR I +0+2£, ;c.!... towards left 
R, 

52. d. This is a dc. circuit because Ine ba~ery is the only source 
of voltage. Hence, the capacitors behave like open circuits. 
An equivalent circuit is then two parallel sets of two identical 
series resistors (see Fig. Al.174). The voltage drop across 
each parallel branch must be the battery voltage of3 V. Since 
the resistors are identical there is an equal voltage drop of 1.5 
V ac~ss each resistor. In particular, there i's a drop of 1.5 V 
across resistor A. 

53. c. 
1 

U;- '2 cq 

Uj" ~C~ 

Flg.A2.174 

• 1 
W=-C(~-?,) 

2 

Q.= +Ce,.Qt =-c£'· "Q= IQrQ I 

z: C(ti +£) 

Work done by battery Wb = £2 6Q 

= C(c2 +£])£2 

Heat generated = Wb - Il.U 

1 - cei +C£]£2 - 2C(G -it) 

= ~C(ei +~ +2lj e2) =~C(£I +t2)2 

54. c. Apply KVL. 

, 

R In 

~ 
R 

I 

/ 
R 

112~ 
c 

/: I 
I S E 

Fig.A2.175 

!..= dq ~I = 2dq 
2 dt d/ 

, 
, 

55. h 

E-IR - !.R-!!...=O 
2 C 

E-~IR-!L=O 
2 C 

E_3. X 2 dq R - !!..=O 
2 dt C 

q(t) - EC(I_ e-tI3R') 

5 
11= 2+3 =1 A 

5 5 
1,---=- A 

3+3 6 

VA-O- 31] ~ VA=3V 

VB-O= 312 ~ VB"" 2.5V 

w • 2,F 
8 

,V I, I, 

) 0 30 

I, " ~ -
Flg.A2.176 

potentia~ difference across capacitor 

30 

- 3 V -2.5 V=O.5 V - 112 V 
q- CV= 2x 112= I jlC 

56. a. If VI decreases, then potential difference across xz will 
decrease. So, to have same potential difference, i.e., V2 
across xz, lengthxz has to be increased or z should be moved 
towards y. 
b. is incorrect, because for this z should have been moved 
towardsx. 
c. will be incorrect because xz can get wann up if current 
through it increases which is not possible. 
d. is incorrect, because there is no current in R I • 

57. c. After long time. current through the capacitor - O. 

.. CUrrent through the 6 n resistor, i = 12; 4 = I A 

Voltage across capacitor, V-4 + (6)(1)= 10 V 
Charge on the capacitor, Q'" (10)( 1 0)'" 1 00 IlG 
After the insertion of the dielectric 

/ 
. I 

Hence, voltage across the capacitor remains same. 
Charge on the capacitor, Q' '" (12) (1 0) = 120 IlC. 
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58. d. At / = - , the equivalent circuit is 
R, 

-
I 

R, , 

Fig. A2.177 

A 

R, 

B 

1= e = 10 =~= 5A 
R

1
+ RIR2 1+(2)(2) 1+1 

RI +R2 2+2 

IR, R2 -=-
IR, RI 

VAil "" IR) =(5)(I} =5V 

QIIUl< = CVA8 =5~C. 
At f = 0, the equivalent circuit is 

R , 
I 

~ 

R, , R, 

I 

Fig.A2.178 

59. d. As V= e-Ir 
from graph it is clear that slope : - I' ''' -ylx 

or r= ylx 

60. c.lnitially all three capacitors arc in parallel 

E;= .!.X3CV2=~CV2 
2 2 

When key is closed two capacitors are in series. 

1 (V)' CV' Er= "2 C "2 x 2 = - 4-

AE= E--Ef = ~CV2 , 4 

61. c. Equivalent circuit; 

$ V 311 S V 40 

r~::J 
Fig. A2.179 

Appendix A 2: Miscellaneous As~i9nments and Archives on Chapters ~/l0 A2.11 

5-5 
1= - =0 ~ VA-VS =O 

8 

So, currcnt will be only in the smaller loop containing the 
6 V and 4 V battery. So, current through the 6 V battery, 

6-4 I 
1'=--= - A 

4 2 
62. h. Using KVL, 

20 A 10 

I, 
1- 11 

i ~ / - 2/1 

(/ - h ) 

•• 
(/ - 11) B 20 

I 

4
i
OV 

" 
Fig.A2.180 

211 -(I-II) = 0 ~ 1=31. 

and (/-/,)+211 =4 

Solving, we get: 11 = 1 A and/= 3 A 

I, 

I 

:. current throughAB "" I -2/.= (3- 2) A "" I A 

63. h. As potential gradient k in the potentionmeter wire will be 
less than (0100) (Vern-I) because of the presence of r. So 
for the battery of e.m.f. el2the balance point I will be greater 
than 50 em as shown. 

&/ 2 
1= ~/>50cm 

k«eIlOO) 

64. b. 

1000 

• I, 
, . 

I , • 

Fig.A2.I81 

Wheatstone's bridge is in balanced condition, 

IOOx 

so 100 = iOO+x 
t. t2 

~= 2 
I, 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



~2.38 Physics for I!T-JEE: Electricity and Magnetism 

65. d. For maximum current, net resistance of cells must bc equal 
to 2.5.0.. 

. n{0.5) 
I.e., - -- 2S (I) 

m 
and mxn = 45 (2) 
Solving, wegetn = 15, m =3 

66, h 

" ... 
----- .. 

" ""' - '-"""" 

, , 
• 

240 : 

\\ 
120 120 

". 
' •• -.-.--B ' . .. .. . .. . 

Fig.A2.182 

From Fig. A2.182, 

ACl =AC2 "'ClCz=radius 

LAC lB m l200 

.. ,/ 

. 
) 240 
, , , 

The resistances of the four sections are 24, 12, 12 and 24.0.. 

Hence, equivalent resistance R across AD is 

I ' 1 J I I 
- =-+-+-+- orR =4 Q 
R 24 12 12 24 

, (20)' 
Power = ~= -- = lOOW. 

R 4 
67. a. In potentiometer wire potential differe nce is directly 

propo!",ional to length. Let the potential drop of unit length 
a potentiometer wire be K. 

, 
10 

P 

)J 
B 

Q 

R X 1 

, 

Fig.A2.183 

For zero deflection the eurrent will fl ow independently in 
two circles: 

IR = Kx 10 

lR +}X=Kx30 
Subtracting equation (2) from (I), we get 

LX= kx20 
Dividing equation ( I) by (2), we have 

R 1 
-= -
X 2 

(I) 

(2) 

(3) 

68. d.ln first two circuit diagrums, corrections have to be made 
while third one is absolutely wrong. So, ~one of the circuit 
diagrams is givingcolTcct value of R. 

69. b. The ammeter is not showing any reading. It means the 
potential drop aeross CB due to E. is equal to that of the 
e.m.f. £z. And this is the reading of the voltmeter. 

70. c. From work energy theorem 

!J. = £i _iz/" 

71. C. £ =_A_, where ,t is thc linear charge density of the 
21Zl'or ' 

inner cylinder . 

And , "(b) V= j Ed f= - fn -
2.1rEo a 

" 

Now, 1= J7.dA=qJE.dA 

= 0-]-"- 2m'dr 
27t£0,. 

Current per unit length will be 

1= O"A. ... 
From(i): 

/ = 
2mrEo 27t0" , - , 

Eo l n(b l a) In(bl a) 

Alternatively, 

72. b. 

/ = "- => R = j .!.~=_I- f"(~ ) 
R q 2nx I 2n,. a ••• 
2""V 

/~ -=.c-:-, 
I n (h i a) 

50'=' I O[R + /"] 

R+r= 5.0 

R R 
q= -- => 0.25 "" - -

R+I" R + r 
R+/"= 4R 

=> r= 3R 

Then 
5 

R'=' "4=1.2506001"=3.75.0 

73. d p= Vl=>50=5x / =>l= lOA 

Power lost in cable is 

= 12R = lOxIOxO.2 =2W 

Power supplied to tape recorder = 50 W - 2 W "" 48 W 

(i) 

(0) 

74. d. Using the condition for Wheatstone's bridge 10 be balanced, 

P R 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



Fig. AZ.184 

75. d. For balanced meter bridge (null deflection) 

55 20 
- "'- or R =220n 
R 80 

76. a. Across the dotted line the circuit is symmetric 

Req = 60 

40 30 

40 40 
A---" 

40 40 

30 4Q 30 

Fig. AZ.185 

77. b. E,= ~X3C XV2 =%CV2 

I (V)' CV' EI= '2 xCx 2' X2 = 4 

.6£= ~CV2 
4 

78. b./= E - EI '" E - £2 
R' R+ R' 

AI'-· - --- - ----' 

Fig.A2.186 

E - £2 R' -_ . _-
£ -£2 R + R' 

R .-
R' 

1= E, -£2 
R 

B 

ApDendix A 2: Miscellaneous Assignments and AI,chiv~s on Chapters 5·10 A2.39 

79. c. Potential drop across 

" 

2 x I h· . I d I • - - V. T IS potentIa rop 

exists across capacitor. 

4 
Q. CV. -"C 

3 

1.5 

80. b. The current will pass through only resistance part of the 

9 
circuit. Hence I = = I A 

1+6+2 
Potential drop across 3 Jl F capacitance is 

I 
VAB = VAB +VBC :: 1x6+ -xl = 6.5V 

2 

(Apply currenl division for current in branch 'BC which is 
InA.) 

81. b.lfpotential drop across X is 2 V,lhen no current will pass 
through ammeter. 

0' 

0' 

6X .2 
600+X 

4X'" 1200 

X , 300 " 

v 20±1 
8Z.c.R =-= =8±AR 

I 2.S±0.5 

M. .6V M 1 0.05 Bot - ._+_= _ + _ =0.07 
'RVI202.5 

::::) .6R=(0.07)8=0.560 

R= (8±0.56)O 

83. d. With these diagrams we can easily find that maximum 
equivalent resistance will be across voltmeter of range 10 V . 

J , ,-'_mA_~~-, 
Rg 

~ ___ , _ _ R.::,_ 

'. 
Fig. AZ.187 

84. b. Slope ofline (1) is less than that of(2) therefore resistance 
of 1 is more than resistance of 2 and resistance increases 
with temperature. 

85; c. Across P and Q 
In circuit (i) 

In circuit (ii) 

86. c. Power=12R. 

R = IOXiO:=5Q 
""I 10+10 

R = IO x(5+5) =5 n 
net 10+(5 +5) 

87. c. I, and 14 increase 
88.3. The circuit is equivalent to 

! I I' 
·1 
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A2.'iO Physics for lIT-JEE: Electricity and Magnetism 

Fig.A2.188 

Let each half side has resistance 
p( "il2) 

" 

B 

B~ 

on solving, 

" 

," 
Fig.A2.189 

R~ ~[2n (2,)(,../2)]= "../2 
2 (2+../2), 

R~ pd 1../2 

89. c. Equivalent circuit is 

10 

30 

20 30 

Fig.A2.190 

Equivalent resistance = 37,5 n 
90.d 

, 
" , D , 

A B 
A 

,./ 

A 

" c , , -

Fig. A2.191 

" 
" 

C 

, 

15 

20 

,,' 
" , 

D 

, 

i" r (By Wheatstone's balanced bridge cO,ncept.) 

B 

, 

91. b. Energy stored in capacitor when it is charged up to 2 V 

1 
= - x 10 X 22= 20 III = u1 (suppose) 

2 
Energy stored in capacitor when it is charged up to 4 V 

1 
= - x 10 x42 = 80 III = U2(suppose) 

2 
Increase in charge = 40 - 20 = 20 Ile 
Energy drawn from cell =20 x 4 = 80 III =u (suppose) 

Heat produced = ul + U - u2 

=20+ 80 - 80 =20 III 
92. b. The circuit can be folded about B and redrawn as 

RI' 

R , 

R/2 RI2 

R , 

RI2 RI2 

R ., 
RI' 

Fig. A2.192 

R ., 

B 

Hence equivalent resistance between A and B is 2R. 

1 I 
93.d.R=-x--, 

(1 4JrR 

Using values, R=5xIO-11 n 
94. b. Since current 1 = lleAV" through both rods is same 

2(n)eAvL =ne(2A)vR 

v 
-.b.. = 1 
vR 

dq 
95. c. i =- = slope of q- t graph 

dl 
= - 5 (which is constant) 

Amount of heat generated in time t = i 2RT 
~I 

96. b. From relation E = pJ, the magnitude of electric field is 
greater in right rod as compared to left rod. There force 
magnitude of potential gradient in the right rod is greater 
(remember potential is continuous). , 

Fig.A2.193 

Therefore, the variation is shown by the figure. 

97. a. Equivalent circuit,R,IC'= ~~ 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



VQ= 2 

x 
vp-vQ= -

10 

2 ' x smlN= -
10 

Fig.A2.194 

10 n 10 n 

A 
1 1 1 

20 em x 

" 
Fig.A2.195 

x=20sinlN 

dx 
"- = (201l cos Ill) cm/s 
dl 

99. b. Circuit is fonning a Wheatstone's bridge. So Rcq = 2R. 
For maximum power transfer 2R= r. 

100. a. Potential difference across AC is 'Zcro as /A C '" 0 

£ - 10 Y 
r - l n 

A m--'c;:,...-___ ---'" B 

Fig.A2.196 

5- 2/= 0 
/ = 2.5A 

Let the resistance of part BC be r 
ApplyingKVL 

10+5 - 2/- 1r-/=0 
2.5r= 7.5 ::::) r =3.o 

As resistance of part AB = 9 n 
.. Length AC=66.7cm 

4£2 4 (6tldl 
101. b. H = J-dl= J - - = 64 J 

oRo 12 
102. b. If Pis disconnectcd, Roo. of circuit increases hence less 

current is drawn. 

o + - iRI =x 

Append i~ II Z: Mistellalloous Assignments alld Archives on Chapters 5·10 A2.41 

=> as i decreases. x increases 
103. b. From the hint, the equivalent resistance of the circuit 

That is, RT + I = R.,q 
II RL +11 ~q 

is jusl 

Fig.A2.197 

R = RT±~Rf- 4(1)(-RTRd 
cq . 2(1) 

Only the positive sign is physical. 

Req= ~ (~4RLRT +R;' +RT) 

For example. if RT - I .0 and RL = 20 .0, Rcq" 5 .0 

MultipLe Correct 
Answers Type 

.~., :lm,lnl "I;! tI 

\ .fryi;~-:h;'· (,<',Ihj 
j, "", ." ·r~ iJ\~.::.j).d,:t)nl,\" 

"'. "", ' 

1. "a.,.b-'.l,. c., d. , _ 

ElectriC-cUrrent at a point on' the circle' 

i= fe, wheref ... frequency 

2. a. t b.t d. 

J. b., c • 

m V 0.6x 106 XIl 

= 2tr = 2trr "" 2HX5x lO- 1l 

i = 6 X lOtS x 1.6x 10- 19 

= 0.96 X 10-3 A=0.96 rnA 

Usc relations Q = Qo (I - e- f
/
RC ) and i,,= ioe-tlRe , 

, ' 

4. a., b. 

Connected the voltmeter in parallel. 

5. a.,c. 
Use symmetry. 
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A2.42 Physics for IIT-JEE: Electricity and Magnetism 

6. a.,c. 

Use Ampere law. 

7. a.,d. 

Resistance of upper bulb, 
RI = 1002/25=400n 

Resistance oflower bulb, 
R2 = 2002/100=400n 

Equivalent resistance ofthe circuit: Req = 500 n. 
Heat lost per second in the circuit is 

fl/R = 2002/500=80Js- 1 

" Potential difference across branches AB and CD will be 
same. Hence, ratio of heat generated in them is 

Heat,fH _ RCD _1000 - 2'1 
HeatcD - RAB - 500 - . 

Hence (c) is incorrect. 
Since potential difference across branches AB and CD will 
be same but their resistances are different, so current in them 
will be different. As the resistances of the bulbs are same 
so heat generated in them will be different. Hence, (b) is 
incorrect. Current drawn from the cell is 

e/RC(j = 200/500 = 0.4 A 

8. 3., b.o c., d. 
Potential difference across the terminals of the cell is given 
by V = E - ir. Hence, the graph between V and i will be a 
straight line having negative slope and positive intercept. 
Hence, (a) is correct. 

Total electrical power generated is Ei and thennal power 
generated in the cell is PI'. Hence, thennal power generated 
in thc external circuit is P= Ei - j2r. So, the graph between P 
and i is a parabola passing through the origin. Hence, choice 
(b) is'correct. 

When tenninal potential difference across the cell is V, 

current flowing through the circuit wi!! be i = E - V and 

" thennal power generated in the external circuit will be equal 

tOP=Vi=V(E~V). 
EV V 2 

=P= ---
/' I' 

Hence, the gwph between P and Vwill be a parabola passing 
through the origin and having a maximum value of Pat V= 

!i . Hence, choice (d) is correct. 
2 

At an instant, thermal power generated in the cell is equal. 
to Pl'and total electrical power generated in the cell is equal 

toEi. Hence, the fraction '7= ~ =(f}· 
Hence. the J~'-' '-Ii between 'I and i will be a straight line 
passing through the origin and having a positive slope. 
Hence, (c) is correct. 

9. a., d. Equivalent resistance of circuit = (2.5 + 1.5) = 4 n 
20 

Current through battery: 1= - = 5 A 
4 

5 
Current through P= Current through Q = - =2.5 A 

2 
VrVQ~3x2,S~7.sV (iJ 
VA -VQ =2x2.5=5V (ii) 

From (i) and (ii), we get VQ - Vp= 2.5 V. 
10. b.,c.,d. 

Disregard capacitors and find the current through G. The 
potential difference across each capacitor is then found from 
the potential difference across the resistances in parallel 
with them. 

11. b.,e. 

I V' 
As R "" - and actual power consumed P = - lesser 

W R' 
the resistance (Le., higher the wattage), greater the power 
consumed. If the bulbs are connected in series, actual power 
P = PR => po< R. Hence, in series connection low wattage 
bulbs glow more. 

12. a.,b.,d. 
As A and B are connected in series, hence IA = lB. The 
potential difference across both the branches will be same. 

Fig.A2.198 

In Rc 
IARB +InRB = IcRc or-

Ie RA+RB 
13. a., b., c. 

In the simplified circuit, the circuit is a balanced Wheatstone's 
bridge and a branch of 20/29 .Q and R is parallel with this 
balanced bridge for maximum power. 

3n 

" 

" ", sn 

(20129) n R 

r - ln 

2V 

Fig.A2.199 

;, 
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AppendiK A 2: Miscetlaneous Assignments and Archives on (llapters 5-10 A2.43 

l ~ -'---T---~ 1 1 
- -+ +- -
(3+6) (20 / 29+R) (4 +8) 

or R = ~Q 
25 

Maximum power developed in the external circuit is 

Prrw, - i2R=(-,- )2 xl=I W 
1+1 

Current through the upper branch 

14. a., d. 

~ is independent o f R. 

" 

R
1

= .t:.:..=(220)2 =(22)2 X4 0 
w. 25 

R = V
2 

= (220)2 = (22)2 Q 
2 Wz 100 

Fig.A2.200 

Current in the circuit when the bulbs a rc connected in series, 

1= 220 = ....!.Q.... =~A 
(22l x4+(22)2 22 x S II 

Hence, PI = / 2R] =( 1\Y X (22)2 x4 = 16 W. 

And P2= /2 R2 .=( AY x(22i =4W. 

15. a., e. 
4 and 60 resistances are short-circuited. Therefore, no 
current will flow through these two resis tances. Current 
passing throug;h the battery is I = (2012) = 10 A. 

- ----- - - - -,._ --.-
This is also the current pasSing in wireAB from B to A. 
PO,wer supplied by the battery 

pe E/~(20)(10)~200W 

Potential difference across the 4 n resistance 

= potential difference across the 6 n resistance = 0 

16. a.,b.,e.,d. 

a. Potential difference across each cell = Vp- VQ' 

h Ifit is clockwise then £2 is supplying and for the reverse 
case E] supplies the energy. 

c. Potential difference = E= ir. when battery supplies energy. 
It is E + ir, when battery consumes energy. 

By KVL, i = EI - E2 (antictockwise) 
Ii + Ii 

_ '. Elr - E2r 
Vp - VQ -E1 -II ] -

Ii +r2 

17. a.,e. 
There is zero potential difference across the 4 and 6 n 
resis tances. 

A 

A 

2 0 20V 

Fig. A2.201 

20 
j= - = IOA 

2 
Power by battery 

Ph= £]= 20 x 1O=200W 

18~a., b. 

For null point, current flows in the loop CD only. 

A 1-- --- -.---'. 

Fig. A2.201 

i= 3V = IA 
20 + 1Q 

VeD= I V - I ( I )=O 
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A2.44 Physics for lIT -JEE: Electricity and Magnetism 

.. ?ption (a) is correct. That is, VA> VB 

When jockey touches B, cun;ent from A to B increases the 
P.O. across the s~condary circuit. 
.. Option (b) is correct. 

19. a.,b. \ 

R Ll4 
-;-(R;;-,""+c;R,-C) ~ -3L- I-4 

3R= (R, +RlJ 

3R=R2+R, 

R= 2R2 -R, 

4R 
R2 = -

3 
20. a., b., c. Initial charge (before filling the dielectric slab) 

= lOx 10= IOOIle. 
Final charge (after filling the dielectric slab) = lOx 30 = 300 )lC. 

Increase in charge = 20 IlC 
21. a., b., d. Let the currents be as shown in the figure 

,i-l::J 
I D 2 c 

Fig.A2.203 

Applying KVL aiongABCDA, we get 
==> -lOi-2+(2-i)I=0 

i= 0 

Potential difference across 
s=(2-t)1=2 xl =2V 

22. a., b., c., d. 

2A R 

3.00A 
~' 

E, . - - • 

4.000 3.00 n 3.00 n 

4.000 

Fig.A2.204 

Afterredrawing the circuit 

-

2A R 

(3) 

<A. 
E, E, 

7A - - • -
3.00A 

(') ~~) 
4.00Q 3.00Q 2.00 n 

5A+3A 
-

4.000 5A 

Fig.A2.205 

a.i4 =SA 
h From loop (1) 

-8(3)+ E,-4(3)=0 ==> 
From loop (2) 

E! =36V 

+4(5)+ 5(2)-£2 +8(3)~O 

E2 = 54V 

c. From loop (3) 
-2R-E,+E2=0 

R= E2 -E, = S4 - 36=9W 
2 2 

23. a.P,b.P,c. R,d. R 
In each case, there will be no current in the branch containing 
voltmeter or ammeter. 
Thercfore, reading of the instruments wi!! be zero. 

24. b.,d. 
Power supplied by 20 V cell = (- 1) (20) =- 20 W 

Fig.A2.206 

As the cell is not supplying the power, it is eating the power, 
thereby getting charged. 

25. b.,c. 
(moderates) As the length is doubled, the cross-section area 
of the wire becomes,half, thus the resistance of the wire 

R = P§ becomes four times the prcvious value. Hence after 

the wire is elongated the current becomes one fourth . 
Electric field is potential difference per unit length and hcnce 
becomes half the initial value. The power delivered to 

. . P V' h b resistance IS = - and ence ecomes one-fourth. 
R 

26. a.,b.,d. 

Total charge = f i dt = Area under the curve = 10 C 

f Idl 
Average current = -f- :::SA 

dl 
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Appendi)( A 2: Miscellaneous Assignments and Archives on Chapters 5·10 A2.45 

Total -heat produced == J /2 Rdt 

2 200 
== J(-5t+10)21dt ==- J 

" 3 
Maximumpower -/1Rwhenl ismaximum current .. 100 x I 
== lOOW. 

27. a., d. 

24 -2 x IOl/ _ 6x 103 (i-i) "0 ° 
24-2x 10) 1- 1.5 X 10) i=O 

Hence I " 7.5 mA 

j=6mA 

24-6x 103 r - 2x 10\1 -1")=0 

24-6 x 101 r - I.S x 103 t=O 

f:3.5mA 

i ' -2mA 

It = 
P, 

I 

24V 

I 
, 

24V 

2k!! R, 

i 

6kn R, 

(/-1) 

'k!! R, 

i' 

2kn R, 

(l'-i') 

Fig.A2.207 

Assertion-Reasoning Type 

R, I.S Jill 

Ri 1.5 ill 

1. c. The electrons suffer a large number of collisions with the 
positive ions of the conductor. Although the electric field 
accelerates an electron between two collisions. it is 
decelerated by collision. The net acceleration averages out 
to zero and the electron acquires a conslant average speed. 
The gain in speed bctween coll isions is lost in the nex t 
collision. 

2. d. The condition for no deflection of the galvanometer is 

!i = RAC 

R2 ReB 
where RAC and RCB are the resistances of the bridge wire of 
lengthACand CD, respectively. If the radius of lhe wire AD 
is doubled, the r'dtioR,jdRcB will remain unchanged. Hence, 
the balance length will remain the same. 

3. d.Iflhe diamelerofwire AB is increased. its resistance will 
decrease. Hence, the potential d ifference between A and B 
due to cell Ct will decrease. Therefore. the null pOint wi1l be 
obtained at a higher value of x. 

4. A2. Both statements I and 2 are true. In statement I. R is 
varied while in statement 2, R is kept constant. Hence, both 
statements are independent. 

~ ~ ~ 

S. c. From relation J = a E, the current densi ty J at any point 
~ 

in ohmic rcsistor is in di rection of electric fie ld E at that 

point. In space having non-unifonn electric field. charges 
released from rest may not move along EL. Hence statement 
1 is true while statement 2 is false. 

6. d. As the length oflhe wire is doubled, the cross-sectional 
area of the wire becomes half. Therefore, resistance of 
the wire becomes fou r times and the current becomes one
fou rth oflne initial value. 

Also, 
I V,- -

neA 
Since current becomes one-fourth and cross-sectional area 
of the wire becomes half, therefore, from the above equation 
the drift velocity of electron becomes half. Hence, statcmenl I 
is fa lse. 

7. d. V= iR. 
S. d. Conceptual. 

. (1 -tlCR) 9. a. Charge on capacltor q = CE - e "l 

1= dq =...!!.... e- IICII. 
(11 ~ 

E E 
at t == O,/=-~--

Req R-tr 

~ resistance offered by the capacitor is zero. 

10. a. V,j - E-lr+ VB ~ V,j - Va=E+1r 

E 

A •• --~---II o---wvv-----. B 

Fig. A2.20S 

Similarly, VII - Va = E -Ir. 

E 

A •• -~----II I--'VWv-----o 8 

Fig.A2.209 

11. a. When current flows through a conductor it always 
remains uncharged. Hence, no electric field is produced 
outside it. 

12. d. The e lectrons are in motion which constitute electric 
current in a conductor but numbers of positive and negative 
charges arc same. 

I 
13. a. R=p- Where f=21, A=A/2 

.A 
Becaus'e vo\umc.Yt '" V2. 
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A2.46 Physics fOI' IIT-JH: Ell!(tricity Clnd Magnetism 

. 2 
14.a.Here E=2V,I= -= I A andr = IQ 

2 
y", E-ir= 2 - ( I)(I) = I V. 

15. d. Direction of fl ow of current is from higher potential to 
lower potential. 

16. d. V= E+ irwhen charging of cell takes place. 
17. b. On increasing tempemture of the wire the K.E. of electrons 

in0reases and so they collide more rapidly with each other 
and hence their drift velocities decrease. Resistivity also 
increases and resistivity is inversely proportional to 
conductivity of material. 

18. d. In a simple battery circuit the point at the lowest potential is 
the negative tennina l of battery. The current fl ows in the 
circuit from positive term,inal to negative tenninal. 

19. a. S ince current arises due to continuous flow of charged 
particles. Therc is no free charge in insulator. Hence, no flow 
of charges is possible. Therefore, current does not flow 
through insulators. . 

20. b. Current is independent of area of cross section. 
21. d 

E=pJ, as area and current are same, J is same but p is 
different. 

E is different. 

Comp ehension Type 
, I!' ~, , 

For Problems 1- 5 
l.b., 2. b •• 3. c., 4. b., 5. a. 

Sol. 1. h. 'I ::: 0.4x4200(B- 6U x 100= 250/3 = 83.34% 
420x 4.8(0- 0,) 

2.d. 1J_0.4X 42oo(8- ~)x I 00=62.5% 
420x6.4(B- BtJ 

3. c. fI,j '" 0.2 x 1680(09- Bl ) + 0.4' 4200(B- Bl ) 

4,b. 

"" 420 x 10.8 +4](8- ell 
Hsc 0.4 x2450(8- 81)+0.4 x 4200«(}- 6'1) 

= 420 x (2,4 +4)(09- 091) 

H,j = 4.a=~ 
H8 6.4 4 

V' 
H • - x6 

, R, 

1,j=24min 

(i) 

(ii) 

v2 
V

2 

(n) -x8 R, XI 
RB (R~+RB)2 B 

8 R, 32 . -.--18 ~18= mm. 
Rs 4RBI 

For Problems 6-8 
6.c., 7. S., 8. c. 
Sol. 6. c. V= E+ ir (during charging) = 14 V 

7. s. P = 12 r (due to internal resistance):: 502 X 4 X 10-2 

=100W ' 
8. c. Rate of charging =81= 12 V x 50 A =600 W 

For Problems 9- 13 
9.b., 10, c., 11. c.,n.c., B.a. 

Sol. 9. b. As perthe figure Vb<: = O.lO x 2 = 0.2V 
So actual drop = 12-0.2'" 11.8V 

Then R ", II.S = llSn 
0. 1 

V 12 
10. c. I " = - . -- = 1.2 rnA 

R" 10000 
Then the actual current I in the resistor is 1- 0.100-
OOI2 "'.098S A 

R= V .. ~ =~= 12 I n 
I 0.0988 

II 1.50 x 10-3 0.75 
. c. 2 50 +Rs +500 

Rs =450 n 

12 3 1 50 10-3 _ 0.9 
.c'"4 x . x -R+lOO 

R + 100'" 800 

R= 700n 

13. a. I "" 0.9 '" 1.5 rnA full scale 
300+200+ 100 

FOI' Problems 14-16 
14.a" IS. b., 16. b, 

Sol. 14. a . I oc 1'312 

I (4r) 312 8 
...!..=-- = -
12 ,.312 

V2 V2 
IS. b. P=-R ~ 2x 103 =-

20 
V= 200 V or applied voltage 5200 V 

16. b. '1 = ~ x 100 , whcreR "" r, efficicncywillbe maximum. 
R+I' 

Hc;mce 11 = 50% 
For Problems 17-21 
17.a., IS.c., 19. c. 
Sol. 17. ft. Ie x3 6 = (13 - Ie )(Rl + R2 +R3) 

0.0Ix 36 = 0.09(R. +R2 +R3) \ 

~ +~ +~= 4 n ro 
IS. c. Ie (36+Rl ) = (12 - Ie )(RI + R2) 

0.1 (36 + R] )= 0.9(RJ + R2 ) 
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36+R) =99RI +99R2 
But from (i) and (ii), we get 

lOORj +100R2 = 40 

Rj +R2 =0.400 

19. c. !d36+R2 +R) =(/2 - !G)xR j 

0.1 (36+ R2 +R1 )= 09.9x Rj 

Solving, we get RI = 0.040 n 

20. d. 3.00X1.5 XI0-3(RG +Rj ) 

2000 =25 + RI, RI = 1975 a 
15.0 = 1.5 xl0-3(Rv + Rj + R2) 

Rl = 8000 a 
150 = 1.5 XIO-)(Ro + R. +R2 + Rl ) 

lOs = 10000 +R3 

R3 =90,000 a 
21. d 

For Problems 22-24 
22.c., 23. a., 24. a. 

(h) 

Sol. 22. c. Just after closing, capacitor behaves as short c ircuit 
and all current flows through it; hence ammeter reads 
zero. 

23.a. After long time capacitor behaves as open circuit and 
no current flows through it. 
Therefore after long time capacitor behaves as an 
open circuit and no current flows through it. 

, 30 
Therefore i - --'- " - - = 2 rnA 

R] +R2 10 +5 

24.a. Just after reopening. potential difference across R2 
remains same initially as charge on capacitor does not 
change initia!ly. Hence current remains same. 

For Problems 25--27 
25.8.,26. a., 27. d. 

RxRI' 
Sol. 25. a. R.-/. = R.-/. =---<R 

R+R" 
26.a.RB =R+Ro>R 
27. d. (Tough)% error in case A. 

R, -R (R' ) --x IOO = - --I x )OO 
R R+Ry 

R 
"-- xIOO .. - 1% 

R+Ry 

% error in case B 

Rs -R x 100 '" Ro x 100 "dO% 
R R 

Hence percentagc crror in eircuitB is more than that inA. 
For Problems 25--27 
28.b., 29. b., 30. d. 
Sol. io" 0.lA,E2=4V,i2=0 

Appendix A 2: Miscellaneous Assignments and Archives on Chapters 5-10 A2A7 .: 

• R, 

4V~E' . - 0. 1 A 
• 
_ £.1 

Fig_ A2.210 

AsO. I R j + 0.1 R2-E] =0 
0.1 R2-4 V ... O 

R2 -40n 
Now: i2"" 0.3 A, i ] '" 0.1 A,Ez - 8 A 
Now: 0.1 RI +E]-8=0 

0.2A 

O.lA R, 

0.1 A 

r -:> 
Fig.A2.21l 

0.1 + 4 - £ . ",,0 

O.2R I -4 = O 

4 
R,--"'20Q 

0.2 

E ]= 2+4"'6V 
For Problems 31-33 
31.d., 32. c., 33. b. 

R, 

400 

Sol. At steady state, the circuit will be simplified to 

511 511 

21 I 

UV 45V 

I I 

]011 ]00 

Fig.A2.212 

Using Kirchhoff's Jaw, we can ca lculate J = I A. 
Further using Kirchhoff's law in original ci rcuit, we can 
calculate charges on different capacitors. 

Matching Column Type 
t. a. --+ r., b. --+ q., c. --+ q., d. --+ q. 

Current through any cross section should remain same. 
J = neAv If> as area increases, drift velocity decreases. 
E is directly proportional to v", so £ also decreases. 
If E decreases thenp.d. across a segment offixedJength also 
decreases. 

2. a. --+ r., b. --+ r. , c. --+ s., d. --+ q. 

From relation J = uE 
Multiplying both sides by cross-section area of rod A, we get 
JA=aEAori =a¢ 

.~ ?'"~ , ~ '~--., .-:-~ .• ""'*,,-. ~ 
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A2,48 Physin for IIT-JEE: Electricity and M.gndism 

~ =1.. _ resislivity of the rod , " 
E I 7 =~ .. resistivity of the rod 

O'V = IV :. power delivered to the rod 
V V . 

- = - '" res,stance of the rod 
<J/!i 

3, a.~q .• b , ~r., c,~r" d,~r. 

When the switch is closed, equivalent resistance is R. After 
opening the switch, equivalent resistance becomes 2R. 
Hence, equivalent resistance increases. 
Also current through battery decreases, hence ammeter 
reading decreases. Current through left R also decreases. So 
voltmeter reading decreases and power dissip.1ted through 
left R also decreases, 

4. a. ~ p" b.~s" c . ~ s .• d . ~ q, 
a Since current in both rods is same. 

h :. 

" ievi AI = 1I2cv2 ~ 

;],= n2A2 =.!.X~ = I 
tl2 III AI 2 1 

I 
E=pJ =p-

A 

EI P I A2 22 
-- =-x - =- x- =4 
E2 P2 AI" 

p.d. across rod I 
c. ~c.:,",,:::"'''''''' 

£, xAS = 4 
E2 xBC p.d. across rod 1I 

d ~A~v~,,~.£ge~ti~,ne~I~a~ke~n~bLy~fr~e~e~.e~I~~tro~n 
Average time taken by free electron 

to move from A to B 

to move from 8 to C 

AS V2 =-x-=I 
/Ij BC 

5. a . ~p" b. ~q .• c. ~ p,s" d. ~s. 
a We know that power developed by Rismaximum for R:.Y. 

E 
Fig,A2,213 

b. Init ial ly, angle between area veetorofloop and magnetic 
field is 90°, it becomes zero and then again 900 after 180° 
rOlation. 

~=BA cos 0 

e :. - d~ = BA sin 0 (dB) = BA c}SinO 
lit dl 

c. AB is the angle of rod before the lens is displaced. CD is 
the image of rod nner displacing the lens perpendicular 
to the principle axis. 

D 
:---,c , , o 

Flg.A2.214 

d Z=~R2 +X~ = JR
2+c:cr 

As OJ in increased, z is decreased, so current through 
bulb will increase thus increasing the brightness. 

6. a.-+ p., q .. r .. s., b. ~ p., q., c. ~ q,. r., d.~q.,r.,s, 

When S is open: 

D 

m 

I, 

ISV 

A 

15 
11 = -=7.5A 

2 
6 

11 =-=3A 
2 

Loop ADCBA : 

20V 40 
A. 

" A, A, 
I) - II 

h-I, 
I I-I, 

A) I.-I, 

A, 
10 I, toV 

Fig.A2.215 

15-20+ 6+ 10= 21, + 4/3 + 212 + II) 

13 =-2A 
Current in AI and A2: 

I ) -II =-2- 7.5=-9.5A 

Current in A4 lind As: 

12 -/1 = 3-(- 2) =5A 

After closing S: 

20V 

I, 

20 A, 
1, - / 1 

ISV 

A. 

S 

A, 
111 I , 

Fig.A2.216 

15 
I I = '2=7.5A 

6 
12 =- =3A 

2 
10 

13 =-:. IOA 
I 

20 
14 =-=5A 

4 

4 tl 

I, 

A, 

I )-I. 

A, 

toy 

C 

6V 

" 
20 

B 

6V 

I , 

20 
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ApptndiK A 2: Miscellaneous Assignments and Archives on (hapters 5-10 A2.49 

Current in A I: 

11+1. =7.5+5=12.5A 
Current inA2 : 

13 -I. = 1O- 7.5=2.SA 

Current inA.: 

/2-13 =3-10=-7A 

CurrentinA~: 

i 4 -/2 =S+3=8A 

7. a.~q.,s., b.~q .. r .• c.--+p.,s., d. ~ p .• r. 
a. ForPmax"='R=2r 

p. ~(2£)2 R = E
2 

nQ.( R+2r 2r 

, 
h ForP""",,: R=-

2 

( E)' E' 
Pmu = R+RI2 R=2r 

( 2E)' 4E' c p= -- ,~ -
• r+2r 9r 

d p=(~)2 T= 4£2 
1'+1'/2 9r 

8.11,--+q.,r., b.-ts., C.--+s., d.--+p. 
a. It is possible that, less length of potentiometer wire is 

used forposilive lenninal of c.m.f. to be measured may not 
be connected at extreme ends of the pOIentiomeler wire. 

h Sensitivity of potentiometer decreases. 
c. Sensitivity of potentiometer decreases 
d Accuracy of the potentiometer increases. 

Archives 

Fill in the Blanks Type 

V' 
'I. We know that P = Ii: 

.. R = V
2 

= lOOx 100 = 20!l For the bulb to deliver 
P 500 

500 W, it should have a potential difference of 100 V across 
it. This would be possible only when R" 20 O. Because in 
that case both resistances will share equal potential 
difference and the potential difference across the bulb will 
be 200 V. Hence, the answer is 20 O. 

200 R 

'OOV 0----' 

Flg.A2.217 

2. The given circuit may bc redrawn as shown in Fig. A2.21S. 
Thus, 'the resistance 2R, 2R and R arc in parallel. 

1 I I 1 2 R 
Hence -=--+-+- =-.Hence, RAS =-0. 

'RAS 2R2RRR 2 

2R 

~ A C D B c 
A B 

D 

Fig.A2.218 

3. Let a current I flow through the circuit. Net e.m.f. of the 
circuit - 8 (5 V) = 40 V. Net resistance in the circuit 
= 8(0.20)=1.60. 

40V 
Current flowing through the circui t, I = 1.6Q = 25 A The 

voltmeter reading would be V ""E - IR = (5 V) - (25 A) 
(020)~5V- 5V ~ 0. 

Alternatively: we can apply Kirchhoff's law in the loop and 
find the current. 

True/ False 

1. False: An electrolyte so lution is formed by mixing an 
electrolyte in a solvent. The ele<:trolyte on dissolution 
furnishes ions. The preferred movement of ions under the 
influence of electric field is responsible for electric current. 

2. False: The elcctrons in a conductor are free and have thennal 
velocities. Thus electrons will be in motion even in the 
absence of potential difference. 

3. True: For a given voltage, CUlTcnt is more in case of TI 
(Fig. A2.219) 

1', 

1 T, 
I 

v • 
Fig.A2.219 

Since V "" JR' R = ~. Resistance is less in case of T,. For a • • I 

metallic wire, resistance increases with tempernture, 
therefore T2 > Tt · 

Single Correct Answer Type 

1. b.R2= Rr (I + aM) 
I 

2 = 1(1 + 0.00125 x 6.1) :::. 6T= 0.00 125 = soo 
=> T2 - Tt =BOO;:::) T2= BOO + Tt .:z ROO + 300'" 1100K 

2. d.H=PRt=12r~1 
nr 
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A2.S0 Physics for IIT-JEE: Electricity and Magnetism 

3. a. I 0<. i-; V "" ~ for metallic sphere, at inside point , , 
4. b .• Let I[ be the current flowing in 5 nand (1 -II) in 4 n 

and6n. 

4 0 60 
A B 

1 - lj 

+ SO 
f--

c D 
I, 

Fig.A2.220 

The heat generated in 5 n resistor is 10 caVs = 4.2x 10 Jls 

.. 4.2xlO=I?R 

.. I[ =J4.2;10 =J8A =2.9A. (i) 

Since AB and CD are in parallel. 

. . The potential difference remains the same between C 
and D, and between A and B. 

:. (/ - I[)(4 + 6) = I[ x 5 on solving usingI[ from (i) 

weget(/-2.9)IO =2.9x5 

,,, 1-2.9=.1 .45 

:. 1 = 4.35. Heat released/sec in 4 n will be (4.35 - 2.9? 
x4 = 8.4 Jls = 2 caVs 

1 1 1 90 
5.c. -=~+~=--, Req =20n V=IR 

Reo. 30 60 30 x60 

2 
1= 20 = 0.1 A 

Fig. A2.221 

600 

6. d. Copper is a metal, whereas Gennanium is a semiconductor. 
7. b. For max. power 

R R 

R OR R 
E 40 R 4R 

A 

2R 2R 

E 411 (Contd.) 

R 2R 

2R 4R 
Balanced 

/ Whcatstone's_ , 
bridge , 

E 40 

t 
3R 

2R 

CJ~ 
OR 

40 

E E 
FIg.A2.222 

External resistance = Internal resistance :. 2R =4,R = 2. 
8. d. When a steady current flows in a metallic conductor of 

non-unifonn cross section, then drift speed Vd =....!..... and 
n.A 

. 1 I ·1 
Electnc field E = CT A ::::} Vd "" A and E "" A ~ Only 

current remains is constant. 
9. A2. For the capacitor to get charged up to 0.75 V, the.charge 

on the plates should be 

q = eE( 1 _ e-1IRCj 

R- Wn C-JOsF 

o 
E - 1.SV 

Fig.A2.223 

_$ _$ -( 
0,75 xlO =10 x1.5 [ I - e S 5 

~= [I-e-I ]=>e-r =.!. 
2 2 

10 xlO-

Taking log on both side, we get -I = -ln2 ~ t= 0.693 s. 
10. a. Since opening or closing the switch does not atJect the 

current through G, it means that in both the cases there is no 
current passing through S. This means that potential at A is 
equal to potential at B and it is the case of balanced 
Wheatstone's bridge. 

A 

B 

II/. -10 

Fig.A2.224 

Ip = IQ :. IR = 10 and (a) is the correct option. 
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Appendix A 2: Miscetlaneous Assignments and Archives on Chapters S'10 A2.S1 

It. c. Method I: In this there will be no current flowing in branch 
BE in steady condition. Let I be the current flowing in ihe 
loop ABCDEFA. Applying Kirchhoff's law in the loop 
moving in anticlockwise direction starting from C + 2V 
- /(2R)-/(R)- V~O => V - 3/R =>/~ VI3R (\) 
Applying Kirchhoff's law in the circuit ABEF A we get on 
moving in anti clockwise direction starting from B 

V R 
A F 

I 

B VI I e E 

2V 
e D 

2R I 

Fig.A2.22S 

+ V+ V ~-IR - V= 0 where Veap is the potential difference 
across capacitor 

v - IR""(-"-) XR = !::.. ~ap 3R 3 

MethodD: 

V R 

B 
{ °tl • I e 

c E 
2V 

D 2R 

Fig.A2.226 

Let us consider A to be at OV. Then points B, CandDwill be 
at V. V and 2V, respectively. Let the current be flowing in 
clockwise direction. Applying Kirchhoff's law in the outer 
loop, we get V - IR - J(2R) - 2V - 0 :. f - - V/JR. The minus 
sign here indicates that the current is in the opposite 
direction to what we have assumed. Applying Kirchhoff's 
law from A to E via B we get VA + V + IR = VE 

... O+V + ~ xR = VE = 43
V

' Again applying Kirchhoff's 

law from A to E via C, we get Vii + V + Velp ... V~ 

. v. _ V .. cap-'3 
12. b. Let R be the resistance of rod 

(3Y' ) 
Energy released in t second = -R- x { 

~Y') 
:. Q=--XI 

R 

~V') 
But Q =mct:.T:. mc!J.T=--XI 

, R 
(i) 

>----l >----l " " ~ . 
Flg.A2.227 

Let R /be the resistance of rod 

21 

'------' I .... I 
~ "limes 

V V V 

Fig. A2.22S 

"1 

=> (:. Length is twice) 

(NV') 
:. Energy released in t seconds = -- XI 

, 2R 

(N'V' ) 
Q'= Xt 

2R 

Applying Q' - m' c!!T 

(N'Y' ) 
2R XI 2mct:.T= 

D' 'd' (")b (') mct:.T 9V
2

xl/R IVI mg 11 y I,weget - - - = 22 
2mct:.T N V t/2R 

1 9x2 2 
:. -=-,-::::) N =1 8x 2 :.N= 6. 

2 N 

(h) 

13. c. Since current I is independent of R(p it follows that the 
resistances RI , R2, R) and R) must form a balanced 
Whca!stone's bridge. 

14. a. The circuit is symmetrical about the axis PQ. Therefore, 
the equivalent circuit is 

=> 

2R 

, 
p 

2R 

1 1 1 1 
--~- +- +-
RpQ 4R 4R 2r 

R _ 2Rr 
PQ- R+r 

2R 

I 1 R+r - - +- - -
2R 2r 2Rr 

2R 2R 

, 2R , 
Q P-1~~---¥~t-Q 

2R2R 2R 2R 

Fig. A2.229 
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A2.S2 Physics for IIT·JEE: Electricity and Magnetism 

15. d. We know that 

V' 
R= -

P 

V2 V2 
.. R]= 100' R 2= 60 = R3 ; 

11: 2 V 2 R V;2 y2 
'" --'- = ] w: =-'- w =-

] - R] (R]+R 2).' 2 R2 ' 3 R) 

y2 y2R2 V2R ] 
W3:W2:Wj :: - ; 2 ; 2 

R3 (R ]+ R 2) (R]+ R 2) 

= 60' (250)2 V 2 
/ 60 . o(2:;:'"o"l'-,-v_' Ic;';OO,,-

. (~~ +:~) . (~~ +:~) 
=64:25:1 5 

. Hence W3> W2> Wl 

R, 

~ v, 

v,=~ 
. R, +R, 

R, 

~ 
v, 

R, 

~ v, 

V -~ ,-
R,+R, 

v' (205)' 
11', =-=--

R) R, 

250V 

Fig.A2.230 

16. a. In Ohm's law, we check Y = IR where I is the current 
flowing through a resistor and V is the potential difference 
across that resistor. Only option (A) fits the above criteria. 
Remember that ammeter is connected in series with 
resistance and voltmeter in parallel with the resistance. 
( .............. ..... . 

A 

v v 

" 
Fig.A2.231 

17. a. At null point !i.!. =.!!.2.. = __ x_ . Ifnidius of the wire is 
R2 R4 10Q-x 

doubled, then the resistance of AC will change and also the 

R 
resistance of CB will change. But since _ I does not 

R, 
R, 

change, so - should also not change at null point. 
R, 

Therefore, ,the point C does not change. 

, -A LC-CR;,-~~C--R~.-~B 

Fig.A2.232 

, R " A., " 
Roc - , - ' =- = 1 , Rallo does not change. 

A R4 A3 

18. a. 

(I)~ 
I R R R 

R R 

R 

, (2R) ~I = I 3' 
(ID) 

R 

I R 

R 

?til =I2(~) 
(IV) 

R 

I R 

R 
Fig.A2.233 

~v = I2 e:) 
IlI<II<IV<1. 

~ 
I 3R 

-----I 2RI3 

-----I RI3 

-----I 3 RJ2 

19. h. Total external resistance will be the total resistance of 
whole length of the box. It should be connected between A 
andD. 

20. c. For various combinations, equivalent resistance is 
maximum between P and Q. 

21. h. The current in RC circuit is given by 1= Ioe --1 IRe 

~ Inl=ln1o - -'- or In I =(2 )+lnIo 
RC RC 
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Appendix A 2: Miscellaneous Assignment. and Archives on Chapter. 5-1 0 A2.53 

In! =( -:c)+ht:) 
On comparing withy "" mx+ C 

Intercept = In ( ~ ) and slope = - RiC 

When R is changed to 2R, then slope decreases in magni
tude. New graph is Q. 

22. a. The current in 2 n resistor will be zero. cause it is not a 
part of any closed loop. 

IOV ,n 

IOn 20V 

,n 

Fig.A2.234 

23. a. Let al any instant of time t during charging process, the 

transient CUlTent in the circuit bel. 1 = Yo e-1IRC :. Potential 
R 

dOff 0 R 0 [Vo -lIRe] R v. -lIRe ]11Crence across resIstor IS !i.e x = oe 

:. Potential difT. across 

C=Vo - Voe-I I RC =Vo(l-e-l IRC ) 

~ l _ e-1IRC .de-tlRe => I =4e-1IRC Taking log on both 

sides, we get loge I = 210g_ 2+(- RiC) 
I 

=> 0 = 2 x 2.30 31o&o 2- 
RC 

=> ( ={ 2x 2.303 10gJO 2]x 2.5x 106 x4 X 10 = 13.86 s. 

24. a. IgG = (l-lg)S, Here. I g = IOOx 10-6 A 
G=lOO n ,S'='O.lQ 

s 
Fig. A2.23~ 

:. I = 19 (~+ 1) = 100 x 10-6 (~~~ + I) = 100.1 rnA 

25. b. The heat supplied under these cond itions is the change in 
internal energy Q= AU. The heat supplied 
Q=i2Rt = I x I x 100x5x60=30,000J=30kJ 

26. b. We know that time constant of an RC circuit is RC. Find 
equivalent resistance and capacitance in each case and then 
determine the time constant. 

27. b 
B -----l:_, ~(S, 

In • 
Fig.A2.236 , 

P , 
YA8 i AO RA8 ' RAB 2(nx4r 1 I .. -= =- - = =-
¥ac iBCR8C Rac p_'_ 4 

, 2{1l'r2j 
[sinceiA/J=isc> wire is of same material} 
Therefore, option (a) is wrong. , 

P , 
b. PRe = i 2ROC = 2[1l'x4r ] =_ 

PA8 i2RAB p __ '_ 4 

2[ nr' J 
=> PAB "" 4P BC' Th~refore (b) is correct. 

I 

c. J AS = tr x4r
2 =..!.. Theref;re (e) is incorrect. 

J BC i 4 
trX/,2 

[V" ] 
d EA8 = [ [/2] =..!.. Thereforc (d) is incorrect. 

E8C Vsc 4 
[/2 

28. a. Given X is greater than 2 0: when the bridge is balanced 

11 1---+--+---' 
B Switch 

Fig. A2.237 

!!.. =~ => IOOR-RI=IX 
I 100-1 

=> 200-2f=IX => 1= 200 
X+2 

11 1---+--+-----' 
B Switch 

When the resistance arc inlerchanged the jockey shift 

X 2 
20 em, therefore --=--

1+20 80- / 

80X=~+40 
(.<+2) 

240 
X =- =30: 

80 

29. c. When steady slate is reachcd, the current i from the 
battery is 
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AM4 Physics for OT.JEE: Electricity .md Magnetism 

9-1(3+6)=>I-IA 

9V 

Fig.A2.238 

~ Potential difference across 3 n resistance"" 3 V 
and potential difference across 6 n resistance'" 6 V 

=> p.d. across 3 IJ.F capacitor'" 3 V 

and p.d. across 61!F capacit~r - 6 V 

:. Charge on 3 IlF capacitor 

QI"'3 x 3 E 9)lC. 
-

Charge on 6 J.1F capacitor 

Q2" 6 x 6 = 36 1lC 

=> Charge (-Ql) is shifted from the positive plate of6 J.1F 
capacitor. The remaining charge on the positive plate of 
61!f capacitor is shifted through the switch. 
.. Charge passing through the switch 

-36- 9-27~C 

24 x 4 
30.a. C =d 13 VI 2d 13+VI = 6Eo 

. cq 2Eo + £0 5d +3Vt 
d /3 -Vt 2d /3+ Vt 

NOWf""C R'" 6£oR 
e<t 5d+3Vt 

31. c. Here,R) = I n,R2 .. 112 n, R3 = 3 n 
V' . 

As P=R' SOP2 >Pl >PJ 

32. d. Unknown resistance is directly proportionaito standard 
resistance. On increasing the temperature. the value of 
unknown resistance will "increase, hence standard resistance 
is also to b!:: increased. 

MultipLe Com!.ct Answers Type 

I. b., d. During the decay of charge in RC circuit I ;; Ioe- 'IRe 

where '10 =.!!.1.. 
RC 

Whent=O, / = 10 = ;~ 
C, Cl 

CJCJ 
v v 
Fig. AZ.Z39 

"-. 

Since potential difference between the plates is initially the 
same, therefore 1 is same in both the cases at t = 0 and is 

equal to I=.!k..",~.Also q=qoe-tIRC 
RC R 

~ e+tlRC = 2 ....!-=loge 2 ~ t = RC log. 2::) tocC 
RC 

Therefor~ time taken for the first capacitor (1 J.1E) for 
dischargmg 50% oflnitial charge will be less. 

2. c. Both are basic facts. 
3. d. The net resistance of the circuit is 9 n as shown in 

Fig. A2.240. 
30 

40 

(Con td.) 

.0 so 40 

20 
20 

9V .0 .0 <= 9V 30 40 

'0 ' 0 20 

U 
30 

9V 40 => 9V 90 

20 

, Fig. A2.240 

Th fl " h . .. J V 9V lOA ecurrent owmgmt e ClrcUltlS =Ji= 90 = . . 

The flow of current in the circuit is as follows. Please note 
that the current divides into two equal parts if it passes 
through two equal resistances. 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



,. 

Appendi)( A 2: Miscellaneous Assignments and Archi~es on Chapters 5·10 A?.55 

20 O.S A 

1A O.SA 

9VO~ 1 .0 40 9V 
20 

30 '''A 

0.25 A 

9V .0 . 0 .0 

20 

1A 2 11 02SA 

30 

9V .0 '0 40 

20 

Fig. A2.241 

4. a., b.,d.lncaseofmetal, the current flowing will bevery~very 
high. 

S. a.,d. 
24-2x 103J_ 6x 103(/-i)=0 

24-2 x 10) J- I.S x 103;=0 

Hence J"" 7.5mA 

i=6mA 

24-6 x 103 r - 2x 101 (f -i') = 0 

24-6 X 103 f - 1.5x 10J j'",,0 

1' - 3.5mA 

j'= 2mA 

J 

24V 

!' "0 R, 

" 
24 V '~ 

no R, 

(1'- I') 

Fig.A2.242 

R, I.SkO 
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Appendix 3 

SoLutions to 
Concept Application Exercises 

CHAPTER 1 

Exerdse 1.1 

1. a.q =ne 

n=!l = _~---,,, = 6.25xl018 

e 1.6xlO 19 

b. Repulsion. As a charged body can attract uncharged body. 
c. No, as charge is quantized. 

eo = 

3. By induction. 
4. a. Yes. Two bodies arc placed close to each other where one 

has much more charge than the other. Then due to 
induction, force of attraction becomes more than force of 
repulsion. 

b. Yes, due to induction effect. 
c. Yes, mass ofnegativcly charged sphere will be morc. 

5. a. Since the particle has positive charge so it has deficiency 
of electrons. So it has less number of electrons compared 
to the neutral state. 

b.q=ne 

6. a.q=ne 

10- 12 = n x 1.6 x 10- 19 

n=6.25x 106 

3.2 x 10-8 = n x 1.6 x 10-19 

n=2x10 11 

b. Charge on fur should be equal and opposite to that on 
ebonite, i.e., + 3.2 x 10-8 C. 

7. Protons cannot be transferred, as they reside in nucleus. To 
remove protons, a great amount of energy is required. 

8. When the paper comes in contact with the rod, the paper also 
get similarly charged. Hence, repulsion takes place. 

9. Conductor will not get completely discharged, because the 
person is standing on the insulating stool. Some charge ofthe 
rod may transfer to the person to make the potential of the 
both same. 

10. 

Fig. A3-1.l 

Velocity increases due to induced charges on the neck. 
11. There should be other charged particles to feel the cffect of a 

charge particle, otherwise the concept of electric charge 
would be meaningless. 

Exercise 1.2 

1. a. i. There is always a restoring force towards its original 
position.The particle (negative charge) will perform 
oscillation. (The case of stable equilibrium.) 

F --~-'F 

" .. -- f2FSi;&·--. 
0::18 ~ 8 t :0 
<3 .... ~/ 0 

Fig. A3-1.2 

ii. FI will be more than F2 . The negative charge will 
experience net force towards charge (I). The negative 
charge is under stable equilibrium. 

b. No 

CD • 0 
0··· ·~,·0 

F, 

Fig. A3-1.3 

2. a. No. A charged particle cannot apply force on itself. 
b. Net field is 2&os e which is parallel to the line joining 

the charges. 
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Al.2 Physics for JIT·JEE: Electricity and Magnetism 

q 

AE""',-- 2E cos {J , 

-q 

Fig. A3·1.4 

3. For no position of the positive charge the system will be in 
equilibrium. (However, only' q' can be in equilibrium ifit is 
placed at the middle of the negative charges.) 

4. 

I') 

Ib) 

(0) 

F, 
8 • , F, 

P F, 
8 
1 

CD ® 
)------{8 

p 
8 
P 

, F, 
8 

p 

)------{8 
2 

9 ~ p T----------------O 
Fli 

Op 
Fig. A3-1.S 

a. It is clcar from the diagram 
. F(/ < Fc<Fb 

Fig. A3-1.6 

S. a. Right, because third particle should be placed near tht: 
charge smaller in magnitude, and not between the 
charges. . 

b. The third particle should be negatively charged, only then 
net force on any charge due to other two charges can be zero. 

c. Equilibrium is unstable, because if we displace any of the 
charged particles from its equilibrium position, it may not 
return to its initial position for all directions of dis placement. 

6. Magnitude offorce on - q at centre 

= .fiF= .fix_I_2qxq 
411'£ ,.2 

, 
F = ...,."q---;-

n ..fi1l'£or2 

The direction is at angle 45° from x-axis in IV-quadrant. 
7. 

F, F, , , , , 
, , " , , , , 

G),/ 
, 

@ , CD \@ , , ' 
.q .q .q .q 

(I) III) 

F, F, 
i , , , .-, .' .q 

, , , , , , . F, F, 0 , . , 
, , , , . , , , , , , 

, , , , , " , , , , , 

G)/;' 
, , 

(1)'/ 
, 

,,@ \@ 
" ' , , . 

.q -q .q -q 
(III) (Iv) 

Fig. A3·1.7 

a. It is clear from the diagrams that the forcesF(F I or F2) in 
ease (i) and (ii), (iii) and (iv) will be same. 

b. less than 2Fo 
c. cancel in situation (i) and (ii) and add in situation (iii) and (iv) 
d. Add in situation (i) and (ii) and cancel in situation (iii) and (iv). 
c. Obviously, the direction of net force will be that of adding 

components. 
f.l. + Y 11. - ylll. +x Iv.-x 

8. When charges are brought in the medium, force between 
them will decrease by a factor of K, where K is known as 
dielectric constant of that medium. Hence, 

F' I =c:+-:-:= = -F Dielectric constant 81 
9. Because of the free fall, there will be weightlessness in the 

elevator. The balls wi!J go maximum away from each other 
and finally angle between them will he 180°. 

180' 

F---o--~T----t::\L-o-L---_T~O--'F 
q L L q 

Fig. A3-I.S 

Repulsion force F between them will he balanced by tension 
r.so 
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10. 

I q' . , 
T-F= - --- q 

. 4"£0 (U)2 16JfEoL2 
• • Since the size of group is small, so the group of n small 

charged particles must behave as single point charge, so 
that itean have a separation of 10 em from the particle in 
question. Obviously. force on this particle due to the 
group of n particles is n times the force due to a single 
particle. Hence. force due to group of n particles, F 
""nx3xlO-JON 

b. Here, F- 6 x 10-6 N 

Ex.mSf 1.3 
1. The angular momentum ofq will be constant, as no external 

torque is aCling on q. 
2 ••• Top (+)j middle (-) bottom (+) 

3. 

Electric field lines are away from the positive charge ana 
towards the negative charge. 

E, 

3 

/ Fig. A3· 1.8 

b. We can gel two neutral points, len and right side of 
middle charge, j,e., electric field will be zero at these 
locations. It is clear from the diagram that the electric 
fi eld may be zero at left and right of charge 2. 

Ftg. A3-1.9 

For its location, 

Q _ 4Q 
4neo ;r - 41rEo (l - x)2 

(1-,,)2 t 12 .. 4 =>x - - - -cm 
3 3 

Hence, neutral point will be at 4 cm from charge Q. 
4. NO,'in given hypothetical field lines electric field is strong at 

bottom and weak at top. If we move in a close path some 

' , , -~~---- , 

AppendiK A3: SolutiOn! to Concept Application Exercises A3.3 

work will be done, but in an electric field no work is done in 
close path . 

Fig. A3· UO 

S ••• Tangents at points A and B. 
b. At A, as intensity of electric field is more at A. 

6 . • . No forcc will be experienced by the charge at the centre 
as it is electrostatically shielded. 

'q, , , -
", _ -q1 , 

, ,. 
0---+-- ' ----------0 

+ .,' "I - ql 
, 

, , 
Fig. A3-I. ll 

b. There will not be any field at centro duc to the charges Q 
and q. The charge induced at the surface of spherical shell 
due to q will producc the field towards right. This field 
will be responsible for producing force at centre towards 
right. 

7. a. Yes. 
b. Towards. 
c. No. 
d. Cancel. 
c. Add. 
f. Yes. 
g. Negativey. 

8. Make use of symmetry property. 

y 

. .-
/ , 

• 
(e) 

y 

-I-::~~--'-- , 

". 

(e) 

y 

, 

• "'. 
(b) 

y 

Net field at centre 18 zero 
(d) 
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Al.4 Physics for I1T-J EE: Electricity and Magnetism 

y 

-+-*-.----1-' 

('J 

Fig. A3-l.12 

It is clear from diagrams above that order of fields will be 
(greatest first): (e), (b). (a.c), (d) [2E, "2E, E and zero respectively] 

9. It is clear from diagram the components perpendicular to 
normal to plate will cancel and along the nonnal dE cos e adds. 
As the distance decreases dE increases but cos e also decreases 
in such a way dE cos ()remains constant for all positions. 

dE 

--- ------ --------->i<'&~ 

dE 

Fig. A3-1.l3 

It can be observed that near an infinite sheet electric fie ld is 
constant everywhere. 

10. (I) and (2) are negative while (3) is positive. 
Acceleration of caeh particle, 

qE 
a~ -

m 
De.flection suffered by a particle, 

I 2 1 qE 2 
y= ul+-al =0 + --1 

22m 

Hence, (3) will have highest qlm ratio. 
11. a. Along C. 

q 
~ yoo_ 

m 

b. Path D. As x starts moving the magnitude of electric field 
due to chargc on y decreases while the magnitude of 
electric field due to charge on z increases. The resultant 
electric field changes the direction as shown in the figure. 
Hence, we can say the charge particle follows path D. 

X~E' . 

,', ' ... 
" -" ,Ez 
", " '" " ' / , " " , " ,;:' : \' 

J' : \ . , . 
y(!}---------J---- --- ---G z 

Fig. A3-1.l4 

12. Here wc havc assumed that the particle has started from thc 
positive side of x axis. , 

-------~~--------, 

Fig. A3-US 

Acceleration at infinity will bc zero. When the particlc comes 
towards origin, first its acceleration will incrcasc, become'S 
maximum and again becomes zero at origin and similarly on 
the negative side of x-axis. 

13. b. Magnitude of electric field will remain same but direction 
will be opposite. 

14. We have to find intensity at P. 

kQ ali 
E~- -- =cos30° , . 

a x 

,,----, 
y=va~-x~ 

cos(}= ; = If 
Net intensity at P: 

E E E 
\ + ;~ " . :tp .". / 8,' \ 

, '" / " , 
a / / i\ \, 
/' y:\ '; 

,/ ::' Q 
,/ a , : 

/ " 
Q <-~ x : \ 30.---------? \ a 

/ \ , , : , , 
Q 

Eo = 3£ cos(} == 3kQ Tf 
. a2 V3 

a 
~x= -

-!3 

3 QJ2 -!3Q 
= 411"£0 a 2 fj 2,fi 1I"£oa2 

15. Let electric field at point P is zero, then 

+5 X 10-19 C +20x10-19 C 

• I • 
A 

, 
P 

2 , 
B 

Fig. A3-1.17 
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0' 

20 X 10-19 

4m:o (2 - X):! 

2-X 
--~2 

2 
or X=-m 

3 X 

16. The acceleration experienced by a charged particle under the 
action of an electric ficld E is 

m 
Ifit falls through a distance h, starting from rest, 

then 
1 , 

(as II =0) h = - a( 
2 

(2 = 2h 2h 2mh 
0' cE/m a eE 

or I <X ..r;;; (i) 

From equation (i) the time of fall will be 

tcloctron - ~" N . . . f --- - _. ow smce In" > m,,, so I" > (e' I.e., tnne 0 
(proton III I' 

fall through the same distance is greater for a heavier particle 
(i.e., proton), which is in contrast with the situation of free 
fall under gravity where the time of fall is independent of 
mass of the body. 

17. a. The force F experienced by the electron towards the 
positive plate is given by 

F=qE= 1.6 x 10-19 
X (45116) x 103 

= 4.5 X 10-16 N 

Hence, the acceleration experienccd by the electron is 
given by 

F 4.5xI0- 16 N 14 2 
-- 31 =5.0xIO ntis 
In . 9.0x 10 kg 

a= 

Now, the electron is released from the negative plate and 
is travelling towards the positive plate. Hence we have ' 

, 1/= 0,x=0. lOmanda = 5.0 x 10 14 m1s2 

. According to equation x = ul + ± at 2, 

J¥x 2xO.10 R 
t- ~- =2xlO-s 

- a - 5.0x1014 

b. v = u = at = 0 + 5.0 X 10 14 X 2.0 X 10-8 = 107 mls 
18. a. As q =.lIe, hcnce number of electrons transferred are 

11= 1 = 3.2xlO-
7

C = 2xl012 

e 1.6x10- 19 C 

The electrons arc transferred from wool to polythene. 
h. Since the electrons are transferred from wool to polythenc 

and electrons have mass, obviously mass is transferrcd 
from wool to polythene. But since the mass of an clectron 
is ncgligibly small, transfcO'cd mass will also be 
negligibly small. . 

19. Since q is in equilibrium with Q and Q, 

Appendix A3: Solutions to Concept Application Exercises A3.5 

Q , q 

r 
I ' 

, 
Fig. A3-I.IS 

,. 
:::;.x= -

2 

,- , Q 

'j 
' 1 

Since Q is also in equilibrium with Q and q 

QQ Qq Q 
k-~k - :::;.q = -

r2 x 2 4 
The sign of q should be opposite to that of Q; 

20. Becomes zero, thin metal plate will provide the shielding 
between the charges due to which electric field of one charge 
will not be able to reach the other chargc. 

21. i. Both the charges cannot be of same sign. 
ii. The observation point (where electric field intensity is 

zero) has to be closer to the charge smaller in magnitude. 
22. a. i. When we bring a charge q at the centre of sphere, 

charges - q and + q will be induced on inner surface and 
outer surface, respectively, as shown in Fig. A3-l.19(a). 

.q -q 

CD GhO 
1b1 (e) 

Fig. A3-t.l9 

ii. After earthing, +q will be transferred to earth as 
shown in Fig. A3-1.19(b). 

iii. After removing the earthing, - q will be distributed 
uniformly on the external surfaee of the sphere as 
shown in Fig. A3 - 1.19(c). So finally the sphere will 
have charge -q distributed uniformly on the external 
surface. 

b. The intensity oqhe electric field inside the sphere will be 
zero. An electric field similar to the field of the point 
charge q situated at the ccntre ofthc sphere will be set up 
outside the sphere. Direction of the field will be radially 
inward. 

23. Electric field at the centre of the full ring will be zero, 
because field at center due to some element will be cancelled 
by the opposite clement of same length. 
But in half ring there will be a nct field at the centre of the 
ring. . 

24. E= Flq = 3.2 x 10-4/1.6 x 10-10 = 2 X 106 N/C 

25. Here,q= ±8xlO-
Q

C = ±8x I0-9 C;2a = 4cm=O.04m 

r= 413 Nm and ()= 60° 

a. Now,p = q(2a) i" 8 x 10-9 x 0.04 = 3.2 x 10-10 Gn 
Torque on the electric dipole, r = pE sin() 

T 
E ~ -

I! sin () 3.2x 10-10 x sin 60° 
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Al.6 Physics for UT.JEE: Electridty and Magnettsm 

_ 4../3 x 2 = 2.5 x tolO NCI 
3.2x l0-IO x./3 

b. Potential energy of the electric dipole. 

U= -pEcos6 

_ -3.2x 10-10 x 2.Sx 1010 x cos 60" 

- -3 .2X2.SXO.S=-4J 

26. Here, E - 105 NC-1
; q = 1 )J.C - 10~ C 

2a = 2cm"'O.02m 

p '" q(2a)'" 10~ x 0.02 ... 2 x to-8 Cm 
a. The torque acting on a dipole is given by 

'r o;; pEsin6 

Torque is maximum when sin 9 - 1 

'rma)l - 2xlO-8xlOsxl = 0.002 Nm 
b. Now, work done in rotating the dipole from 9'" 91 to 

9 - 91 is given by 

W= pE (cos 91 - cos~) 

Here, 81 - 0°, ~ "" 180° 

Ex.ret" 1.4 

w- 2xto-8 x IOsCcos OO-oos 180") 

- 0,002(1 - (-I)) = 0,004 J 

1. a. False. Net force will be zero because equal and opposite 
forces will act on positive and negative charges. Torque 
"pEsin 6. 

b. True. In non-uniform electric field forces on both charges 
may not be equal and opposite. 

c. True. In a non-uniform clectric field, a dipol~ can 
experience a force as well as a torque. 

I 
2. Eoc.,.so n -- 3. 

r 
3. As p is directed from negative charge to the positive charge. 

so angle made by E with p is 9 + a. 

kp 9x 109 X 1 x 10-<i X 100 X 10-10 

4 E- -- -0,09 N/C 
• r l (0.1)) 

S. Maximumtorque=pE- 1.2xIO-2 Nm 
6.p -qd 

Pll~ - lp cos 301l 

-q 
/'" ,. " ," ... 

/ ... • • ,. " 

" " P +q / ", . f'qu .... m .. mm ... m._q 

FIg. A3·1.20 

7. a=90 - 9 

Jj r. 
- 2qd - = v3 qd 

2 

tan B 
We know that tan a - - 2-

p , 

, . , . 
le/ 
N' , . 

FIg. A3·I.ll 

tan 9 r;; 
I&n(90-9)" -- ::::)tan9= v2 

2 

9 - ,an-'(.J2) 

8. Net flux thoughyz plane is 2(2~ ) ",!. 
yz plane 

-q .q 
-..,;:--t--c::- ' 

-df2 dl2 

FIg. A3·1.11 

So flux depends upon q but is independent of d. 
9. Suppose that the dipole axis makes an angle 9 with the 

electric field at an instant. The magnitude of the torque on it 
is 'r - pE sin 9. This torque will tend to rotate the dipole back 
towards the ele<:tric field. Also, for smaJl angular displacement 
sin (} - 9 so that 

'r - -qtEB 

Negative sign is because torque applied by field will be 
opposite to angular displacement B. 
The moment of inertia of the system about the axis of rotation is 

(
I)' ml' 

f- 2 xm '2 "'T 

Thus, the angular acceleration is 

ex "" ! = _ 2qE (J '" _rol 9 
I ml 
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where 
2_ 2qE ., - --

m/ 

Thus, the motion is angular simple harm9nic and the time 
period is 

lO.xl=2m,x2""4m 
~/ 

T= 2n -
2qE 

• • 
• 
• 
• '---I • 
• 
• 

Fig. A)·I.l) 

il 

2. .,. - -
T 

16x 6xlO-2 

24 

11 . x components will be cancelled. 

F, 

P F 

.q F, 

.Q F F, 

F, 
- q 

Fig. A)·1.24 

CI 0.2 radfs 

Y components will be added, giving net force along U. 

CHAPTER 2 
Exerdse 2.1 

1. As 9= 1200
, hence charge enclosed - Q/3. 

.' 
, "l-

" .' 

" " <\ .• ' 

, . \", 
Fig. A)·l.1 

Appendix A3: Solutions tc Concept Application Exercises A3.1 

,_ Q.~ ..... _ J!.. 
eo 3£0 

2. As the rod enters the box the charge increases; hence flux 
increases linearly. When rod enters the cube completely, the 
charge within the cube becomes constant for some time and 
hence the flux also becomes constant. 
When the rod starts moving out oflhe cube. the charge inside 
the cube starts decreasing and hence the flux will also start 
decreasing linearly. Hence, graph d is the correct graph. 

3. a. Number of field lines coming to the curved surface is 
equal to the field lines moving away from the surface. 
Hence the flux linked with curved surface is zero. 

b. Flux passing through the plane surface = the flux passing 
through the curved surface. 

~- EnR' 
(positive as field lines are away from the surface) 

c. ¢= E2nRl 
4. Zero. No, as the charge resides on the outer surface of a 

conductor. 
5. The charae induced on left side is positive. 

• 
• 

. . -• 

( . , ':/# "\ P 
• • 

s,~ .... -..!., •• ---.-.-----.- ---•• -._ .. , , 
' , • •• ~'li #. / Q 

• 
.--,..~--, . -

Fig. A3-1.1 

Hence, charge cncloscd by Gaussian surface is positive. Thus 
the sign of the flux is '+ve'. 

6. If the charge is placed at A or D, any electric field line crosses 
the curved surface twice. 

c B 
• • 

0----· -----+----- ----
o q A 

Fig. A3-1.3 

Hence. the flux passing through the curved surface should be 
unchanged. If the charge is placed at B. some of the electric 
field lines may cut the surface once thereby charging the flul( 
through the surface. 

B 

Fig. A3-2.4 
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A3.8 l'tIysics for IIT.J EE: Ett1:tricity ,nd ""'9netism 

7. (fwe close the charge by an imaginary cube the flux passing 
through the surface 

Fig. A3-2.S 

a. and b. Since the point charge Q is located just above the 
centre of the flat face then almost half the lines emitting 
from Q will pass through the flat surface. Any line passing 
through the fl at surface will also pass through the eurvcd 

surfaee below it. Hence the required flux is I/J = ..!L. '£, 
c. If the charge is placed exactly at the centre, the any line 

emitting from the charge will be parallel to the flat surface. 
Hence, no flu x through the flat surface. But the flux through 

the curved surface will remain same as I/J = ..!L. 
2", 

8. Effective area of the cone through which flux passes is 

R R 

Fig. A3-2.6 

A= 2[±Rh] = Rh 
Flux I/J = £A = £Rh 

~ - -
9. E = ai+bj 

..... ........ 
a.A =Ai ~1/J=E. A = Aa 

.... . ........ 
b. A = Aj ~ I/J= E·A = Ab 

..... .of .... 

c. A =A k ~I/J =E. A =0 
10. a. Any line emitting from charge q to the right of line AB 

will pass through thc infi nite plane. It means half flux will 
pass through the plane. So flux passing through thc plane 

is .!L . 
2e, , 

i Inronite plane 

Fig. A3-2.7 

b. q is above the centre at a small distance. So this becomes 
similar to the case (a). 

Fig. A3-2.S 

11. Effective area = A = nr2 

.. I/J= EoA = Eo1Cr2 

12. a. Since Ql is inside the surface, so flux due to QI is QI/eo· 
b. Since Q2 is outside, so there is no contribution to the flu x 

due to Q2' 

13. Let Coulomb's law involves i-. Now, let us find flux due to , 
a point charge. 

, 
..--- --- E 
q 

Fig. A3-2.9 

J
~ ~ 

1fJ = £Ods 

K J K , '3 ds = 3 4nr , , 
I/J = 4nK ,. 

It means flu x depends upon r, which is not true. So Gauss 's 
law will not be true. Because in Gauss's law, flux through a 
closed surface depends upon the charge present inside and 
not on the shape or size of the Gaussian surface. 

Exerdse 2.2 

I. Flux through closcsurraceA, 

~= Q," =!L 
A Eo Eo 

Flux through close surface B, 

Q = -q 
, e, 

Flux through surface C, 

q-q Q, -Q =~- =OandQ =.....!.!!.. ... o 
C E D E , , 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



c. ¢Is) =(ql +q2)/ CO =«4.00-7.80)XI0-9 C)/ eo 

• -429 Nm'/C 

d. ¢Is, =(ql +q2)/eO == «4.00 +2.40) X 10-9 C)/co 

= 723 Nm2/C 

¢I _ (ql + q2 + q3) (4.00-7.80+2.40)XlO-9 C 
e·s,- eo eo 

== - 158 Nm2/C 

All that matters for Gauss's law is the total amount of 
charge enclosed by the surface, not its distribution within 
the surface. 

3. We know that charge on facing surface is equal and opposite. 

'0 
- 0 

o 
Fig. A3-2.10 

a. Net charge on inner surface is -Q. 
b. Net charge on the inner surface will remain -Q. 
c. Net charge on inner surface is - (Q + q) 
d. Yes, as location of charge does not matter. 

(Q+q) 

-(Q+q) 

'''0, 
Fig. A3-2.1l 

4. The distribution of charge is as shown in Fig. A3-2.12. 

. ---- --- E . 
· . '20 . . A . . . 

, , , , , 
, , 
, , 
, , 
, , 
, , , 
, , , 
, , , 
, , 
, , · , , . 

". . . . . . · -------
Fig. A3-2.12 

5, 

Appendix A3: Solutions to Concept Application Exerdses A3.9 

a. Net charge enclosed by Gaussian surface (r > c) is 
3Q - 3Q+2Q·2Q, 

b. For r > c, the direction of electric field is radially outward 
as shown in point A . 

c E= kqin "" _ 1 _ _ 2Q 
· r2 4neo r2 

d. For c < r < h, we have point B. !fwe draw a Gaussian 
surface through B, net charge enclosed in it will be zero. 
So electric field at B will be zero. 

c. As explained above, net charge enclosed is zero. 
r. For b > r > a, we have point D. If we draw a Gaussian 

surface through D, it will have net charge enclosed 3Q. 

g E = kqin = _ 1 _ _ 3Q 
• ,.2 4neo /"2 

3Q 
h. P = ~ (volume charge density) 

-,a 
3 

S h 'h ' d' ). 4 3 3Qr
3 

o, c argewlt m ra lUs/"«a lsq=p-nr =--,-
3 " 

i E= kqin =_ 1_ 3Qr
3 

• /"2 4neo a
J r2 

j. As shown in figure, the charge on the inner surface of ' 
shell is - 3Q. 

k. As shown in figure, the charge on outer surface of shell is 
+2Q. 

1. 

O'~----'~--~b~'C=~~ 

Fig. A3-2.13 

6, 

Fig. A3-2.14 

a. i. For r > b, electric field is zero, because there is no 
charge inside. 
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AUO Physics for IIT.JEE: Electricity ancl'Magnetism 

II. For c > r > b, electric fi eld will be similar to that as if 
a point charge 2q is placed at the centre. 

Ul. For d > r > c, electric fi eld will be zero, as there is no 
charge inside. 

Iv. For r > d, electric fi eld will be similar to that as if a 
point charge 6q is placed at the centre. 
The resulting plot is as shown in Fig. A3-2.15 

E1 

b. 1.0 
II. 0 

• • 

:---..., , :---..., 
, , 
• • 
b , d 

Fig. A3-2.IS 

111. q 2' radially outward 
21r £or 

Iv. 0 

v. 3q 2' radially outward 
21rEo r 

t . I. 0 
iI. + 2q 
iii. - 2q 
iv. + 6q 

, , 

6. a. False. Electric field is due to al1 charges present inside or 
outside. 

b. False. Gauss's law is applicable for any distribution of 
charge. But it is more useful when the charge is 
distributed symmetrically. .--. 

c. True. Net flux is due to the charges inside only. 
7. B. True. If E is zero at each point, then net flux will be zero. 

b. True. If net flux is zero, then net charge enclosed will be 
zero. 

c. False. Charge may reside on the outer surface. 
S. a. Yes, as there is no charge for r < R I • 

b. Volume charge density p '" Q . 
~rr(R' -R') 3 ' , 

Charge within radius r is q = p ~ 1C (rl - Rl) 
3 

= Q(r] - R:) 

R~ _ RI
1 

Fig. A3-2.16 

c.For r>R2 

9. ~-EA; 

10. 

E- 4~ 
rrd' 

a. E - 0, electric field will be cancel1ed due to both. 

b. !!... to the right, field of both will be added. 
eo 

c. E = 0, electric field will be cancelled due to both. 
11. B. According to Gauss' law, 

~, " g,~, _ (Q+2Q) 
eo e, 

~, Qle, 1 _. __ . -'2 3Q1Eo 3 
b. If sphere S. is fil1ed with a medium of dielectric constant 

K .. 5, then again according to Gauss's law, 

; ', • Q • -'L • ~ • iL 
E KEo 5 5£0 

12. The flux passing through curved surface 
'"' the flux passing through the frame 
-E 2R I 

13. a. The charge on the inner sphere induces equal magnitude 
of charge, but opposite in sign, on the inner surface of the 
outer sphere. Sum of all the induced charges is always 
zero. Therefore, an equal amount of charge must appear 
on the outer surface. Thus outer and inner surface of the 
outer sphere have charges -5Q and - 2Q, respectively. 

- 70Q+2Qon 
outer surface 

2000 
inner surface 

Fig. A3-2.t ? 

b. When outer and inner spheres are connected by a wire, 
the entire charge is transferred to the outer surface from 
the inner sphere. In electrostatic equilibrium charge does 
not reside inside a conductor. Total charge on the outer 
surface of the outer sphere is -5Q. 
Total charge on the inner surface is O. The electric field at 
the surface of the inside sphere goes to zero after 
connection. Consider a Gaussian surface just on the 
surface of the inner sphere. 

Ao '" E(4m·2) = Qeodosed = 0 ae Q .0 '1'£ ' ~ enclo$Cd e. 
Thus, we have E = 0 
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c. When the outer sphere is grounded the charge on the 
swface is transferred to ground, thus charge is reduced to 
zero. The final charge distribution is shown in Fig. A3-2.IS. 

+20-70 "- 5Q 

Charge transferred 
to Ihe ground -50 

FIg. A3-2.IS 

CHAPTER 3 

Exercise 3.1 

1. True, because induced charges cancel the external electric 
field. 

2. Electric field intensity E in that region should be zero, if 
potential is constant in a given region. This we can check by 
putting a charged particle in that region. If it experiences no 
force , E should be zero. 

3. Yes, a. Potential will increase by 100 V. b. No effect on potential 
difference. 

4. We know E in certain region, then we can find potential 
difference between any two points in that region. To find 
potential at one point, we should know the Potential at some 
other points. 

S. Yes, if shape and size of~e conductors are different. 

Exercise 3.2 

1. It will loose the energy of eV"" 1.6 x 10-19 X 9 "" 14.4 X 10- 19 J 
2. eV""4.3 x 10- 15 ~ 1.6 x 1O-19 Y _ 4.3 x 10-15 => Y = 26875 V 

3. V"" kQ , for same distance r from a point potential is same. 
q 

This is possible only for a spherical surface. So shape of 
equipotential surface should be spherical. 

4. s. Points D and C lie in equipotential surface. 
Change in potential while moving from B to C along 
circumference will be zero. 

b.As (V,- V) - I (Vc- V) I 
(Vs - VA) < 0 and (VA - VC> > 0 

WeM "" DU "" q(Vr VI) 

The work done from D ~ A is positive. The work done from 
A ~ C is negative. 

IWSAI'" IWAci 
Same amount of work will be done. 

5. Electric field is a conservative fie ld and in any conservative 
fie ld work done in a close path must be zero. 
WI2= -W34~ W4l "'W21 =0 ~ WI2+ W21+W14+W41 = 0 

Appendix A3: Solutions to Concept Application Exerdm A3.11 

6. Let us consider the work done in aclosed path A -+ B -+ C -+ D 
WAs~EI · R9 

Path C -+ D,WCD "" - E2'r'9 

WDA"'WSC·O => WAS+WCD=O ~ E1R9-Ezr' 9 "'0 

EI r' I => -- -=>Eoc-
£2 R r 

If -
7. Vr VI "'- I E.dt 

In a closed path, VI'" Vr. Hence, S{ E.dt in a close path will 

be zero. 

Exerdse 3.3 

1. For 2 and 4, -r = pE sin8, U= -pE cos8 
For t and 3, T = pE sin(1 80 - 9) - pE sin8 

U= -pE cos( 180 - 8) '" pE cos9 

Hence torque is same for all and U is greater for I and 3 from 
2 and 4. 

2. a. Electric field will do positive work, if dipole rotates such 
that its angle decreases with E. 

b. 2 and 4 orientations are identical. 
3. 8 . U=-pE cos8= pE cos(180 - 8) 

More is U, more is 8 
b. If angle betweenp and E is more closer to 90°, then more ' 

is torque. If angie is closer to 0° or 180°, then torque is 
less. It means lesser is the magnitude of potential energy 
more is torque and vice-versa. 

4. a. Asp=2/xq 

I-..E... _ 6.2 x 10-30 

2q - 2q 

b. TmlJl '" P - 6.2 X 10-30 x 1.5 X 104"" 9.3 X 10-26 Nm 

c. W "" 2 pE '" 2 x 9.3 X 10-26 "" 1.86 X 1O-2S J 
5. Force on any q by dipole: F = qEdipok: 

~ _q_l!.. downward 
4neo 0

3 

So from third law, force on dipole due to both charges 

6. i. True Ii. True 

7. V"" kPCC:S 8 , 
ForA, 

For D, 

= 2 F-~ ~pward 
2m:oa3 

" _ 35'. V _ kpcosl35° 
0:>1. 'A 2 

- kp 
= -::J'2? , 

8"" 45° VB "" kpcos45° 
, 2 , 

Kp 
.. .fir2 
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"3.12 Physics for IlT-JEE: Etectridty ilnd Magnetism 

CHAPTER 4 

Exercise 4.1 

1. 

Fig. A3-4.1 

Yes, total number of electrons from the plate attached to 
positive plate of the battery will be pumped to the other plate 
through the battery. 

2. This energy is stored as electrostatic potential energy 
between thc plates. 

3. Electric field between the plates of a capacitor, 

E= !!.. 
'0 

When the capacitor is submerged in a tank of oil, 

• 
• 
• 
• ~ 
• ~ 
• 
• 
• 

0 - 0 

Fig. A3-4.2 

the electric field between the plntes is 

E=~ = ~ 
E eoE~ 

Hence e lectric fi eld decreascs. 
The field can be measured by measuring potential d ifference 
between the plates (V) and thcn it enn be calcu lated usi ng 

4 .•. v~ Q' /2C 

V 
E~ 

d 

Q= fivc ;~2(25.0 JX5.00 x w, F) = 5.00 x W' C 

The number of electrons N that must be removed from 
one plate and added to the other is 

N= Qle=(5.00x IOql(1.602x 1O- 19 q 
= 3. 12 X 1015 electrons 

b. To double U while keeping Q constant, decrease C by a 
factor of2 , C = GoA/d, halvc the plate area or double the 
plate separation. 

S. After disconnection thc charge on platcs will be eVand - eV. 
Now, positive plate is given a charge Q, thc charge 
distribution on different surface are shown in Fig. A3-4.3. 

/0 
012 • - QI2 

• 
• 
• 
• 
• 
• 
• cv -cv 

+Q12 -Q12 

Fig. A3-4.3 

Hence, new charge on capacitor is ( CV + 'i} the potential 

difference between the platcs will be 

CV+Q 
V'~ _ =-,-2 _ v+R 

c 2C 
6. a. The charge from one plate gets transferred to another 

plate through thc bancry. The battery pumps the charge 
from olle plate to another. . 

b. Yes. 
7. On connect,ing with earth , the charge on central plate will 

shift to its right face, - Q eharge will be induced on the le n 
face of the earthed pillte. Thus +Q charge will fl ow to the 
earth. 

8. q = CV, C decreases in both cases. 
i . In the first casc Vremains same, hence q decreases due to 

which force of atl rnction will decrease. 
Ii. But in the second case q will remain same, hence force of 

att raction remain same. So more work will be done in the 
second case. 

9. No, because electric ficld is conservative, so net work ~one 
in a closed path should be zero. 

10. At point I distance between the plates is less, so attraction 
between the charges here can be more due to wh ich 
concentration of charge at point 1 will be more. 

II. a. True 
b. Trlle 
c. True 

Exercise 4.2 

I . As C = £OK A , the capacity of a capacitor whose plates arc 
d 

connected together becomes in finite. 

Hence 

Hence dielectric constant for metal is 00, 

2. a . Q = CVo 
b. They mllst have equal potential difference, and their 

combined charge must add up to the original charge. 
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Therefore, 

So 

y = g =GandalsoQ. +Q2 = Q=CYo 
C. C2 

C Q. Q2 
C ... Cand C2 "" 2" sO C= (CI2) 

Q,~ (2, 
2 

3 2 
Q~ ,(2, =>Q, - 3Q 

Q, 2 Q 2 
Y= C = "ic '" "iVo 

,. U~ !(Q,' + Q,'); ![(}Q)' + 2(!Q)'] 
2C,G, 2C C 

I Q2 I 
~ - - = _ Cv,2 

3 C 3 0 

d. The original V was 

U = tCVo2 ~ 6U ""=tCVr/ 

e. 1benna1 energy of capacitor, wires, etc., and electromagnetic 
radiation. 

Q2 xQ2 
3. a. Vo= - ~--

2C 2eoA 

b. increase the separation by 

dr => U~ (x+dr)Q' 
2EoA 

. The change is then L dx 
2EoA 

c. The work done in increasing the separation is given by: 

drQ' Q' 
dW= U-Uo = - - -Fdx _~F""'-- , 

2eoA 2eoA 

d. The reason for the difference is that E is the field due to 
both plates. The force is QE if E is the field due to one 
plate is Q is the charge on the other plale. 

4. Let the applied vol tage be V. Let each capacitor have 
capacitance C. 

U= .!.CY2 
2 

for a single capacitor with voltage V. 
a. Series: 

Voltage across each capacitor is VI2. The total energy 
stored is 

Parallel: 
Voltage across each-capacitor is V. The total energy stored 
;, 

s. 

Appendi~ A3: Solutions to Concept Application E>cerdses A3.13 . 

U = 2(!CV1) = Cyl or U -4U 
p 2 p $ 

b. Q = CV fo r a single capacitor with voltage V. 

Q, ~ 2{ C[V/21}~ CV; Q, ~ 2Q, 

Q, ~ 2(CV) = 2eV; Q, = 2Q, 

c. E:o VId for a capacitor with voltage Y. 

Es = Yl2d; Ep = rid; Ep - 2E, 

5V 

+q - q 10V +q-q 

Fig. A3·4.4 

Let the charge on the left plate of the capacitor is q, hence the 
charge on the right plate of the capacitor C2 will be -q as 
charge supplied by the negative plate of the capacitor will be-q. 
Moving from point A in the section of circuit AB, 

3 
5= -q -lO ~ q=lO~C 

2 
6. The slab will undergo oscillatory motion. 
7. External agent will have to do negative work. 
8. a. 

b. 

-I~~I-
Series 

Fig. A3-4.5 

Series and parallel common 
grouping 

Fig. A3-4.6 

9. in series, potentials or all capacitors will be added. 
10. Since charges on outer surraces will be half of the total 

60 
charge orall the three plates: so ql -q6 = "2 '" 30 l1C 

A e c 
q, 'h '" q, q, 

C' 
r, Qe 

C, C, 

d, " d, , 
,~ 

Fig. A3·4.7 
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Al.14 Physics for I1T·JEE: Electricity and M~nedsm 

And 

And 

q2 =: .2!. 
C[ Cl 

qti[ - q}dl => q22d2 .. qSd 2 

qs - 2q2 => q4" 2q) 

q3+ q4 '" 60 

q}= 20JlC => q4 = 40 JlC 

q2 = - 20 JlC => q!, '" - 40 JlC 

11. a. q[ = 80 !lC, q2 = 20!lC 

q) '" -20 ).lC, q~ '" 80 I!C 
b. ql '" 0, q2" -60 JlC 

q):: 60 I!C, q4 =: 0 
C. ql = q2 = q) .. q4 = 0 

12. Vc· O 

A 

lOV 
m 

Fig. A3-4.8 

Loop ADBMA-+ q[ + q[ - q3 = to 
6 3 

LoopACBMA-+ q2 + q2 +q) = 10 
2 I 

LoopCDAC -+ _ q2 + q) + q[ =0 
2 I 6 

Solving, we get q, = 20 JlC 

20 
VB = - - V 

3 

20 
=> O-VB --+0 

3 

b.VC - VD •
q
: => 'Vo-O 

20 
C'Q2=-JlC 

3 

(i) 

(ii) 

(iii) 

13. Both 3 JlF capacitors will be in parallel, and similarly upper 
two I JlF capacitors will be in parallel. The circuit may be 
redrawn as follows: 

100V 

" 
6~F 6~F 

.I- ill------; -II f----i 

Fig. A3-4.9 

lOO x 6 
h. V., - Vc= ~ =75V 

e. Vo- VE IOOV 

d. C ---+ I=-j.lF;u=-Ccq v =- -x 10-6 x(lOO)1 6 x 2 5 1 2 I (S ) . 
Ol. 6 +2 2 2 2 2 

.. 125 X 1O-4 J 
14. a. FJillse 

b. True 
e. True 

15. Capacitors 4 and 5 are short-circuited. So, they are useless. 
'I', '2' and '3' will bc in parallel and then 6 will be in series 
with them. 

CHAPTER 5 

Exerdse 5.1 

. q ne It 0.7 )( 1 
1. We know thatI= - =-:. n- -= 19 

I t e 1.6 x 10' 
So number of electrons n = 0.44 )(. 1019 

2. a. q '" it = (7.5 A) (45 s) = 337.5 C 
h. The number of electrons N is given by 

N"" 9. = 337.5C = 2. lx 1021 
e 1.6 x IO· 19 C 

where e • 1.6 x 10, 19 C is the charge of an electron. 
3. a. The number N of electrons in 0.6 mol is 

N = (0.6 mol)(6. 02 x 1023 electrons/mol) = 3.6 )( 1023 
electrons 
q = Ne :: (3.6 x 1023)(1.6 x 10"19) = 5.78 x 104. C 
b.1 = (45 minX60 slmin)" 2.? x 103 S 

Ir;;: i = 5.78x l0
4
C = 21.4 A 

t 2.7 X 103s 

4. Number per second"'" (numberllength) (veloci%? 
= (2)( 1021)(0.05) = 1 x 10 electronsls 
I = Qlt -(1 x 102°)(1.6 x 10,1'1= 16A 

• 
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5. R "" Ro (I + a(T - To)] or IX = ARI(RrIlD, with /::,.R = R - Ro 
= 0.17Qarld/::"T= T - To= ISOC. Then IX = (0. 17Y{2S.00 x IS) 
=4 .S x 10 .... C- I . 

6. R1.so.c = 2.4IS = RoO + ISOa) Rzo' c = 1.6424 = Ro(l + 20a) 
Solving these relations simultaneously, a '" 3.9 x 10-3 C- I 

and Ro = 1.6236 O. 
From Ro = prJ.VA) 

1.5236 = Po(300) 
1l'(2 x 10-3/ 14 

or ro = 1.596 10-8 Wm 

Then, P20"C .. Po(l + 20a) '" (1.596 x 10-8)[1 + (3 .'9 
x 10-3)(20)] '" 1.720 x 10- 8 Om 
This indicates that the material is copper. 

7. We need RI( I + al /::,.t) + R2( 1 + ~f:J.t) = 20. Because RI + r2 
=20 when/::"t = 0, we must have Rial ""-R2~ with a l =-0.5 
x 10-3 and Cl:2 .. 5 x 10- 3. Solving the two equations R I + R2 
- 20 and RI = IOR2 simultaneously leads to R, = 18.180 and 
R2 " 1.82 n. 

8. We assume that a is constant over the needed temperature 
range. Then t:.R = aRtllleads to (35 - 10) " 0.0036(10) /::,.t. 

Solving we get /::"1 = 25/0.036 = 694cC. Finally 694 + 20 
= 714 cC (furnace temperature). 

9. When switch is made on, the electric field E responsible for 
setting current is transmitted through the wire from switch to 
bulb at speed of light c:; 3 X 108 mls. So in time lie, i.e., 
immediately after the fi eld is set up in the circuit and 
electrons start drifting producing current and hence light. 
However, the electron at thf'~iich will take time Llvd> i.e., 
hours to reach the bulb ifit reaches the bulb at all. 

lQ. a. As by definition, current and current densi ty are related 
to each other through the relation J = liS, so for steady 
current (i.e., I = constant) but nonuniform cross section 
(Le., S constant), J will not be constant but will vary with 
cross-seCtional area S as 

I 
J~ -

S 
[I being constant) 

Now, asJis related to electric field Eand drift velocity Vd 

.through the relations 

J~sE and J"nevd 

E= ;s and vd'" n~s [asJ =~j 
But as for a given metal sand n are constants, 

so 
1 

E= -
S 

and 
I 

vol cc - (as I = constant] 
S 

i.e .. in case of steady current f10w through a metallic 
conductor of non-unifonn cross section, current is 
constant while current density, electric field and drift 
velocity are not constant and all vary inversely with area 
of cross section. 

b. Yes, current flows in a conductor only when electric field 
established within the conductor excrts force on the 
electrons. 

Appendix A3: Solutions to Concept Application Exe r~i5e$ A3.1S 

11. According to 'electron theory of metals' the drift speed of an 
electron inside a metal in presence of an electric field E is 
given by 

a. As v~cc V, on doubling V, drift velocity will be doubled. 
b. As vd cc (IlL), on doubling L, drift velocity will be 

halved. 
c. As drift velocity is independent of diameter d, it will nOI 

change on doubling the diameter. 
12. a. As at a gh:en temperature I-V curve is linear, Le., V cc /. 

the specimen is Ohmic. 
b. As for I-V curve, reciprocal of the slope gives the 

resistance 

i.e., 

And as her~ 81 > 9: 
i.e., tan 81 > tan ~ so, RI < R2• i.e., Rz >.1l.1 

c. In case of Ohmic conductors 

R = RoO + a.19) 
i.e., resis tance increases with temperature, i.e., higher the 
temperature higher will be the resistance and as here 

R2> R1,:· T2> T1 
13. In case of a resistance wire 

L L 
R = p-=p-

S nrz 
And in changing dimensions without any change in mass, 
volume remains constant, i.e., 

V= V' or SL = S'L' 

a. When the wire is doubled on itself (as shown 'in Fig. 
A3-S. I(b») its length will be halved, i.e., L'= (L/2) and as 

SxL-S x (LIl}, i .e., S'==2S 

R'. p[L' ]=p(Ll2) =~P.!:= ~R 
S' (2S)4S4 

S' =2s S'. (S/2) 

~L_ 

b. 

(0) (b) 

Fig. A3-S.1 

L': (2L) 

(0) 

i. When the length of the wire is doubled, i.e., L' = 2L 
(as shown in Fig. A3-5 . I(c» 

SL == 2LS', Le., S' = S/2 

, [L'] (2L) [L ] R'p - =p--=4p - =4R 
S' (S / 2) S 

iI. When the radius of the wire is halved, i.e., r' = rl2 

S'- nr,2 =n(rl2)2 =nl·2/ 4=S/4 
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A3.16 Physks for IIT-JEE: Electricity and Magnetism 

And hence from 

SL"" S'L', i.e., SL - (S/4)L' 
we have L' '" 4L 

, L' (4L) 
R - p-=p-- = 16p=16R s' (S / 4) 

14. Let dq be the charge which has passed in a small intelVal of 
time dt, Ihen dq "" j dt = (4 + 2t) dt. 

15 . 

Hence, lotal charge passed between t - 2 sand t c 6 s is 

• 
q = f(4+2t)dt = 48 C , 

V 2 V 
•• EI =-, E2 =-=-

L 2L L 

Hence 
c. Vd <><£ 

2V 
E,~ -

3L 

E I =E2 =E) 

nen d ' - - -v, 
4 

~ 1<>< vfl2 

:;) 10< Ed2 

~ I-KEd2 

1
1
= KV (3d)2 = 9KVd

2 

L L 
V , 

12- K-d 
L 

1 - K 2V (2d),=8KVd' 
J 3L 3L 

Hence 

VI· 
16. We know R - - and slope of I V curve = -

1 R 

R= _ l_ 
slope 

t 

1 T, 

v_ 
Fig. A3-S.2 

Since the slope of OT2 is smaller than aT\> hence the 
resistance of wire at T2 is greater than that at TI as resistance 
increases with temperature, so temperature T2 is greater than 
T,. 

17. R = pI 
A 

But 
Because for same V, current in Y is less 

So, py> px 

18. Weknowl-neAv, (i) 
n = number of electrons per unit volume o f copper wire 

N N,j m N,jp 
= - =-- =--

V M V M 

From (i) and (ii), 

19. a.As current I"" qlt 

(I) - q Current density - =1 J 1=-
A At 

Taking '/', the length of beam, v = ~ 
t 

Multiplying (i) with III ,we get 

(ii) 

(i) 

(ii) 

1]1= .f£ =_q (~) = ('l)v (iii) 
Al l (AI) I L 

IJI:= 2x2x lO& x I.6x lO-
11I 

xlx lif 
10-6 

= 6.4A1m2 

In vector fonn, (iii) can be written as 

As velocity of positive ions is towards north, hence the 
direction of ] will also be towards north. 
b. No, we need arca o f cross section of the wire. 

20. dl "" J2~r dr 

dl= Jo( I -~)2~rdr 

dl= 2~Jo(l-i}dr 
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1= fd1=21T:Jof:(I -%)rdr 

= JoA 
3 

21. Let at distance x, the radius is r. Then, 

(b-a) l''=''a+llr= a+ -,- x 

, 

R" fdR "f~" I++f~H 

, 
I 

-t- --------- -, , , , 

Fig. A3-S.4 

L" (bea) 
a+ -,- x=z 

(b-a) 
-,- ' dx= dz 

Ifz goes from a to b, 

lb 

22. 

Appendix A3: Solutions to Concept Application Exercises IA1.17 

p' [I I] 
1T: (b a) a b 

"~ nab 

If I I p--p-
_R I_-_R_I x 100 = _ A","f-._ Ac; 

R 1· 
j p-L 

A; 

(i) 

Let the initial length of the wire be 100 em, then the new 

length is 100 +.QJ.. x 100. 
100 

(ii) 

Let Aj and Af be the initial and find area of cross section. 
Then 100 x AI = 100.1 Af 

:) A = ~A. (iii) 
f 100.1 ' 

From (i), (ii) and (iii) 

Rf -R. 
---' xlOO= 

R; 

(100.1)' 100 

100AI AI xlOO 
100 

A; 

(100.1)' _(100)' 
(100)2 xlOO 

= 200.IXO. l xI00 =0.2% 
lOOx 100 

23. a = 0.5 mm2 = 0.5 x 10-6 m2
, '" 

/= 0.1 m, T( = 25"C,f'=" 10 A, T2 = 1075K 

(dxaxi)sIlTxa 

I2pl 

= 9x 103 X(0.5X 10-6/ x9x 10-2 x 103 x 4.18x 1050 

IOxIOx.16xlO:-8 

=555.5s=9min 16s. 

b. Since length does not occur in the expression of time, the 
melting does not depend on the length. 
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. 

Al.1S Physics for IIT-JEE: Electricity and Magnetism 

Exercise 5.2 , . , 

1 IS , ~--=-n 
oq 1 1 8 

- +-
3 5 

I, 

p 

I, 

5n 

T 6V T12V 

L-______ ~Q __ ----~ 

,-----,p 

2n 

L-_______ Q 

Fig. A3-5.5 

Hence, 

33 

12 ~ __ 4_ 

2 +.!2 
8 

. 66 
~-A 

31 
Potential difference across PQ 

66 132 
VPQ~ 12R=-x2=- V 

31 31 

~urrcnt through 6 V battery: 

132 
- '= 6-3/1 31 

Hence, 

2. R3 and R4 are in series. The combined resistance is 400 n. 
Now, R2 ~ 100 nand 400 n resistarices are in parallel. 

I 

R1=son R3 = 100n 

r~65V R2 =100n R, 

Rl = son R3 =100n 

T
65V R2 =100n 

Fig. A3-5.6 

The combined resistance is 

I (100 x 400)/500 ~ 80 n 
Tot'al resistance 

R'= 80 +50 '= 130 0 

1'= 65/130 = 1/2 A 

R4 =I00n 

So, V'= IRI '= 1/2 x 50 = 25 V 

3. Equivalent resistance R' ofthe parallel combination of 12 0 , 
6 nand 4 n resistances is given by 

1 1 1 1 1 
-'= - + - + - =- or R' =;2 Q 
R' 12 6 4 2 

Total resistance of the circuit is 

R= 1+5+2+2=\on 

£ =20-8 = 12 V 

a. Current in the circuit, 

1= E:=g=I.2A 
R 10 

b. Combined resistance of 6 0 and 4 n in parane! 

= 6X4=2.4Q 
6+4 

Current in resistor of 12 Q coil 

2.4 x1.2::: 0.2A 
12+2.4 

c. p.d. across the 20 V battery 

= (20-1.2 x 1) = 18.8 V 

p.d. across the 8 V battery 

= (8 + 1.2 x 2) = 10.4 V 

4. a. When no current is drawn from a cell, potential difference 
across the terminals of the cell is equal to its e.m.f. 
From the graph it is clear that e.m.f. = 1.4 V 

b. Further, V = to - Ir 

£- v 
,~--

1 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



Here, e = 1.4 V. Consider any given value of potential 
difference from graph, say V = 1.2 V. 

Current corresponding to this p.d. is = 0.04 A 

1.4-\.2 " r = =5~.: 
0.04 

5. The figure drawn shows the directions of currents. 

I I, d 1(= 1\ + '2) , 

"1'0V 
1
1115v 1,5 V 1n 

3n 4n 
9n 

I, 2n I, 1(= /1 + '2) 

• , b 

Fig. A3-S.7 

Applying Kirchhoff's second law to the mesh abeda, we get 
-4(11 +12)+25-9/1-1 xl) + 15 = 0 
or 7/1 +212 =20 

Applying Kirchhoff's second law to the mesh abcefa, 

25-4(/1+11)-212-312+ \0=0 
or 411 + 912 = 35 

6. Since the galvanometer shows no deflection therefore 
Wheatstone bridge is balanced. Applying condition for 
balanced Wheatstone bridge, 

100(100+R) ~ 200 = 5 
lOOR 40 

5R= IOO+R or 4R=lOO 
R= 25 n 

7. 0.25 = 
10£ 

59+101' 
and 25 

£ 

nxl 
8. nm=?, 30=-

m 

'" 0.05 +10 

or n=30m 

1=~ 
.2x30 

0, 
3 nxlS 
-=--
2 60 

90 
1/=-=60 

/I 60 
0/ m=-= -=2 1.5 . 30 30 

9. If V i's the applied potential difference and R is the original 
resistance, then 

Dividing, 

v 
- = 5 and 
R 

~=4 
R+2 

or R=8Q 

10. An equivalent of the given network is shown in Fig. A3-5.8. 
It is clear from the network of the figure that the resistances 
o f 
2 n, 4 nand 2 n arc connected in parallel with each other. If 

Appendix A3: Solutions to Concept Application Exercises A3.19 

Rp is the total resistance, then 

1 1 1 1 1 
-= -+- +-+
Rp . 2 4 4 2 

2+1+ 1+ 2 3 
=-

4 2 

2n 

2n 2n 

,;- 2n 2n 

2n 

Fig. A3-5.S 

n. Nete.m.f.=8 - 4=4V 
RAS = 6 x 3/9 = 2 Q 

4V 8V 

I , I 
E, E, , 

4.5Q I, 3n 

A 
6n 

.'. I~ lf~.i:. 
Fig. A3-S.9 

·Total resistance of the circuit = 8 n 
·" i So, 1

1
=4/8=0.5A 

VAS"" 0.5 x2= 1 V 

,., 

R = 3. Q 
, 3 

~ 8 

B 

""'\ 

So, 12 = 113 A and h =;i 1/6 A 
12. Traversing the upper and lower loops anticlockwisc, we get 

211 + 612 = 24 - 27 

or 211+612 =-3 (I) 
and 413 - 612 = 27 

or 4(Il-l1) -~4 = 27 
or 41) - lOll = 27 (ii) 

24V 2n 
--" , 

I, 

I, 27V 6n 
I, , 

I, 
4n 

Fig. A3-S.1 0 

Solving equations (i) and (ii), we get 

II = 3 A, 12 = - 1.5 A 
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Al .20 Physi« for )IT·JEE: ElKtridty ,nd Mlglletism 

I) = / 1- / 2 = 3 + 1.5 =4.5 A 

13. The given circuit can be redrawn as follows: 

2n , 

14, 

Hence, 

, 
In (I), 

20 

20 

20 

Fig. A3-S.1l 

I 1 I 1 
- = -+-+
R' 2 2 2 

R'= ~n 
1 

I 

20 

2 14 
RrOU[= 2+ - +2 =-0 

3 3 

i= !::.= 14 x3 = 3A 
R 14 

8 0 

16 

r R I, 

V 

(I) 

a 16 RQ 

1r=::J 
(II ) 

Fig. A3-S.12 

VI" V2 
i x8= Rxi2 

81 
/ = ;+;2 =i+

R 

In (It), 

v- (i +~)( R8:8 +16) 

V= {8;R)(R8:8 +16) 

V- j (24 + R) 
Now, from (i) and (ii), we get 

24R+128"24 +R 
R 

R = Jl28Q 

(i) 

(ii) 

( 
4 X6 ) 15. Vab= l[ 6+--
4 +6 

16, 

From (i), 

12 10 
a./[,: - = - A 

8,4 1 
I, is the current in the 6 Q resistor. 

4 10 4 
b. /24 = --x-=- A 

. 6 +4 7 7 

c. From (ii), 12 = ~A 

Current in the 4 n resistor is %A . 

(i) 

(ii) 

It wi ll equally divide into the 8 n and 8 n resistors which 
arc in parallel. 

2V 

3 3 
1,= - -= - A 

2x2 4 

1 0 • 1 0 

t~ l 
2; 2 v 

1 n b H l 

Fig. A3-S.13 

Applying Kirchhoff's law in any branch, 
4-4(2x)-x - 2 - x=O 
~ x = Oo4A 

Va - Vb = 4 - (4.4) = 204 V 
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I 

17. Applying Kirchhoff's currerit law, 

18V 8V 8V 
26 V tc--j >---7/ 

At node V, 

on 
6.0n 

v 

5.0n 

Fig. A3-S.14 

26 - V 8-V V-O 
--+--~--

i:i 3 2 

268VVV 
~+-== - +-+-
6 3 2 3 6 

26+16 
--~ 

6 

3V+2V+V 

6 
V == 7V 

2.0n 

o 

C h h h 6 
n . . I 26-7 19 a. urrent t roug t e ~~ resistor IS 6 == -- == -A 

6 6 

b. Current through the 3 Q resistor is 13 == 8 - 7 '" ~ A 
3 3 

c. Current through the 2 Q resistor is 12 = 7.. A 
2 

d. Current through the 5 n resistor is 15 = 26 A 
5 

18. 

I, 2V 
I, 

F 4n 
A :-111 C 

5A 
1n i2 -13 

E 
29V 

i1 -;3 'I 2n B 

--
Fig. A3-S.IS 

Given i2 - i)=5 
InADC,-27 + 3i

l
-7i)= 0 

InFAEBC, 
2 + 3(i1 - i) - 29 - 4i) =0 

- 27+3il -7i)=0 
(i) x 3 + (ii) x 7 => i) = -3 A 
PUling in (i), i

l 
= 2 A 

Puting in (A), i2 = 2A 

6n 

InACB, VA~VB= -2+(-3x4) 

VA-O =-14 V 

G 

on 

(A) 
(i) 

(ii) 

Appendix A3; Solutions to Concept Application Exercises A3.21 

a.1 VAI = 14V 
VA- VD=7x2 = 14 

b. VD = 14 - 14=0 

c. VG = OV 

VD - VG =6x(il-i2)=6(2-2) 

VG=O+VD 

19. a. At t = 0 capacitor acts as short-circuit. 
There will not be any current in the 40 Q resistance. 

10 
10= 20 =0.5A 

b. Capacitor acts as an open circuit, 

1= !.Q.=~A 
60 6 

~. Voltage across capacitor 

1 
V40 =IxR= - x40 

6 

1 10 
Q = CV= 0.50X"6X40= '3 /-lC 

d. q = qo(e- tIRC
) 

Capacitor will discharge through the 40 n resistor when S 
is open 

20 ( -=-'-' =] _ q = q e 40xO.5x10'" 
100 0 0 

1 
-~ ---

5 ' 
e20X10'" 

or In (5) x 20 x 1O-6=t 

20. Here internal resistance is given by the slope of graph, i.e., ..:: 
y 

but conductance = _-,-' _ _ = 1:. 
resistance x 

21. In parallel combination, each resistor has same potential 
difference, i.e., 200 V. The circuit therefore reduces to 

,--,--,--,-{? 
A 

R R R R '200V 

Fig. A3-S.16 

R = 2000 =500n'I= 200 =O.4A 
~ 4 '500 

22. From the circuit given in question, curren;: through 

R2 = i _ ~ = 9i 
10 10 

Potential difference across R2 = potential difference across R 
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A3.22 Physics for JiT-JEe: Ele<tri,ity and Magnetism 

R 9 . R ; 
2X - 1 = x -

10 10 

i.e .• 
R I I 

R2"'-=-U 
9 9 

I
. .. II 

Tota ClrcUlt reSistance '" - + R] 0:0 R = I I 
. 10 

R '" I I - .!...!. = 9.9 Q , 10 

23. Loop AFMN: 20 '" 5/1 + 12(11- /2) 

20V /1 M 12 

rf-------,----
In 6 .00: 

4.00: 

Fig. A3-S. t 7 

20'" 171] - 1212 

Loop AFBEA: 20 + 20 '" 51] + 5/2 

8 = /1 + 12 

Solving, we get 1] = 4A, /2 =4A 

So current through MN = I] - 12 = 4 - 4 = 0 
And current 'through each of (he batteries is 4 A. 

B 

,n 

In 

(i) 

(ii) 

24. In the given circuit A, H, C and D are at same potential by 
symmetry. 

R, 

A B 
G 0 

ri~. A3-S.IS 

R ", ar(I+:!:)=ar(2+n) 
~q 4 · 28 

25. Thc current will fl ow from the positive terminal (0 the 
11..:gativc tenninai ill the battery. During charging the potential 
difference 

= V +lr =2+S x O. 1 =2.SV 

26. Sauery should be connected across A and B. Output.can .be 
taken across the tenninals A and Cor B and C 

r G 

A~B 
: R : , , , , , , , , 
:--------1 f ______ __ l 

Fig. A3-S.t9 

Exerdse 5.3 

1. a. At I '" 0, C will behave as a short-circuit, so no currellt 
passes through R2. And I = I I = elR I · 

b. At /"" 00 , C will block the current. So I I = O. 

And 

2. a. In each case, in steady state (equilibrium), potential 
difference across capaci tor will be E. So charge in each 
case will be finall y q = CEo 

R 

11 
E W GEL f---L-R-----.J 

R 

c 
(I) (2) 

oOG 
R 

R 

(3) 

Fig. A3-S.20 

R 
b. 't"1 = 2RC, 't"1 = -c, 't")= RC 

2 
For (I), time constant is ' the largest so it will take 
max imum time. For (2), it is the smallest. So lime taken 
will be in the order; ( I) > (3) > (2). 

3. a. Immediately after the switch is closed, C1 will act as a 
simple wiTe duc to which R2 and Rl will be short
circuited. 

1 = !... 
R, 

So, 

b. After a long time, C I and C2 will block the current. 
Current will pass through only R) and R). 
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4. Fort=totot=2Jo, 

V= af- b 

Charge on capacitor q = CV 

Current, 

,-----, , , , , , , , ' 
to 2/0 

3/0 5/0 
, , 
i : ,-----, 

Fig. A3-S.21 

q=qat+b] 

dq 
1= - = Ca ~ constant 

dl 

Potential across CD = IR = CaR ~ constant 
From 210 to 310, Vis constant, so no current flows through the 
capacitor or resistor. Hence V CD is zero. 

5. a. SI is closed, S2 is open. 

6. 

VA -Vn=8V 

3n 

s, 

B 

, , 
24V 

3n 

Fig. A3-S.22 

N 

b. (i) Just after closing S2' A and B will come to the same 
potential, so VA - V n = O. 
(ii) After a long time, no current will flow through AB. so 
VA - Vn=8V 

E 6 I 
I~ -- ~--=-A 

Rl +R2 10+20 5 

7. 

8. 

•• 

[0. 

Put 

Appendix A3: Solutions to Concept Application Exercises A3.23 

E=6V 

Fig. A3-S.23 

I 
=lx-xlO=2).lF 

5 

q2= C2V2 ""2x6= 12/lF 

q)= 400 /lC 

R= 1000n,t=RC=500x 1O-6 x 1000 

=5 X 10-2 

, 
q = qoe -Iff = 400 e Sxw-1 

_ 400 C 
- +20).l 

e 

q = J.2.. 
3 

qO_qe-llf 
']- 0 

t= 'rell) = RCenl 

R
- t _ 4.4 _ 2.2 --------

C tn) Un l en) 

q = qo([ - e-I/~ 

t="t, ..!l...=l-e-I 
q, 

q e-J 
:. -xIOO = -xlOO = 63.2% 

q, e 

So, 

2 I 2 !L = _!k. => _!h.. 
2C 22C q-.,f2 
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A3.n ." ~.Ilys ics fOnIT·SEE ~ E!ectiifity alld M~gnetism .. ' : .' " ," "" . , .. . . ... 

(HAi>i~R is;;'', 
" ,'f" 

. . 

ExeT(;ise 6.1 ;:> -, :' .": ' 
, '- ' 

1. In series j :is)i~inc for" ~II Cje~erJts, so if an ammeter is 
connected in, ~e ;!es with. a reSISI8!,lCe R, its reading wil l be 
equal to Ihe.clftrCnllh~ough R (as shown in Fig. A3-6. 1). 

• v • 
'1M 

R 
, 

'(}X A 
I, I, 

1\ = 12 V, 

(,) (b) 

Fig; AJ-6.1 

Similarly, in par'all~l V is same for all elements, so if a 
voltmeter is connected in parallel with a resistance R, 
potential difference ilcross it will be same as that across R. 
This 'is why an ammeter is.al"wRYs connected in series while a 
voltmeter is comlcc!cd in Parallel with the e lement to 
measure I (through "II) "and v (across it). 

2. By pre'senee of a voltmeter H1 series with resistance R in a 
c'ire~it. -d~e .to · v.61tm~ter'~high resistance, the current in the 
circuit I ("" VIR) wi1l'.~ee~e-ase appreciably to I' ('" VIR) and 
as this I ' will further divide .in' reSistance R and ammeter, the 
curren', through amnicter:I2 will be even lesser than I. 

E' E 

>---{ }----,--, 
" , v, , v, 

I' 
, , , '.'. 
, , 

I, R : , , 
V 

R 

, 
, 

v A 

" (,) (b) 

mJi.A3-6.2 
3. As shown in Fig: A3~6j the voltmeter is in series with R, so 

V "; V. + VR , i.e,;j1Q '~5 + VR 

'; ', . 

, . .... , .. . "'., ., 
, , 
• , , 

V. 

R , ' 
V ,....,..;-" -"IWv--..J 

..• " " ." 

. . '. Fig: :A3-6'.J' · ... : 

i.e., - .. ; ;~~ 7:'1~~-~-:~ ::< 1."0$ ,V 
And as in series potential divide$ -in proportion to resistance, 

• 

kQ 

105 

5 

R 
;;20knorR ~ 420 

4. Let the length of the potentiometer wire is i , and V is the 

potential difference across it, then potential gradient K- 7, 
Let balanec point is obtained at I" then mcasl .. ed potential 

difference'" Ki . "" Vi ] 
i 

Let us make error 61 in measuring iI' then percentage error 

Vi 
~ -xlOO, 

i, 

If I is increased, then '. also increases and hence percentage 
crror wi ll decrease. So accuracy increases, 

S. For balanced Wheatstone's bridge X ;; 2.-
40 60 

X=2Q 

Resistanceofwire '" I x 100= loon 

Current drawn from battery, 

6 6 , 
l~ - +-- = 1.26 A 

100 2+3 
6. A potentiometer is said to be sensitive iffa ll of potential per 

unit length, i.e, potential gradient (dVId/) is small. The slope 
of V-I graph gives potential gradient, which is smaller for 
potentiometer with Y than for potentiometer wire X. 
Therefore, potentiometer Y will be preferred for comparing 
e.m.f.s ofthe two cells. 

7 I h' R i . , nt [sease, X;; e; 

8. 

X'=' R2. '" IO x68.S '" J 1.75 n 
t , 58.3 

In case of failure, a high resistance is put in series with the 
cell E. This will reduce current through R and X and potential 
difference across them will be reduced to values lower than 
the potential difference acrosS wire AB. 

80cm 20cm 

Fig. AJ·6.4 

From first null point 

x 80 
(i) ~ -

y 20 
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From second null point 

( 
100 X ) 

IOO+X '" 60 (ii) 
Y 40 

60 em 40 em 

x Y 

Fig. A3~6.5 

From equations (i) and (ii), we get 

500 125 
Xo-il andy",-n 

3 3 
9. Equivalent resistance of the ammeter 

,-;(4;;;;80-;;nLC)( 2~oO"-n) 0 9,2 n 
480il+20il 

The equivalent resistance of the circuit is 140.8 il + 19.2 il 
'" 160 n. 

20 V 
.. Currenti '" 160n ~0. 125 A 

This current goes through the ammeter and hence the reading 
of the ammeter is 0.125 A. 

10. Given, 0 = 12.0 .0, 
I g -= 2.5 mA = 2.5x 10-3 A 

1.1 =7.5 A, S = ? 

/ 
S = Ox-'

I-Ig 

'" 12 x 2.5x IO-
l 

- 1 il = 4.0xI0-1n 
7.5 - 2.3x 10 

Resistance of ammeter is given by 

1 I 1 S+O 
- = - +- = - -
R" 0 S SG 

., R 0 _S_G_ .. 4.0 x IO-1 xI2.0 n 
" S+G 4.0xI0-3 +12.0 

= 4.0x 10-3 n 
11. V=- 10.0 V, R - ? 

R= !"' - G = 10.0 1 -12.0 
Ig 2.5xlO-

= 39880 

Resistance of voltmeter, 
R,,=R + G ==+ 12=40000 

.: ., 

Ap pendix A3: SolutionS to Cori~tpt·~ppli.cation Exercises, A3.25 . ", . . .' .. " 

n. We have I" = 1.00 mA "" LOO)!:: ·IO':.~· A ~nd RA '" 20:0 ri, 
and the ammeter should be aole to handle maximum current, 

3 . " .' I =50.0x 10- A. . ' . . '., .. . 

Solving equation IgRg =,U - Ig)R,.r~r~R., we get 
.;. , 

o , ~ .. 408!l .. 

The equiva'lent res istarice.i~.o[."t):l~i.nstr.time!lt is -given ~y 
I 1" , :" i : .. :,: ... . f.' . ,i '. 

_ 0 -f::"'-.'" - -+ 
Req RG ' Rs' ~o.o n .0.40~Q 

Req = O.190 .Q 

The shunt resistance is so sll}ali .in compai ison to the metcr 
resistance that the equivalent resistance is very nearly equal 
to the shunt resistance. ThiS' shuo(reftistance gives 'us a low 
resistance instrument with the desired range of 0 to 50.0 rnA. 
At full scale deflection, I '" 5Q .0.mA; the current through the 
galvanometer is 1.00 rnA , die current through the ·shunt 
resistor is 49.0 rnA and V"b =0.0200 V. If the currcntl is less 
than 50.0 rnA, the coil current and tne deflection arc 
proportionally less, but the resistance Req is still 0.400 n. 

12. Solving equation for Rs, we have 

'F v.I' . .:. '= '10.011 -20.0' 0 
R, / . RG . OOOIOOA . 

" ' 

= 99800 

At full scale deflection, V"" == 10.0 V, the voltage across the 
meter is 0.0200 V, the volt..ag~ across Rs 'is 9."98 V and the 
current through the voltmeter is 0:00 loo A. In this cas.e most 
of the voltage appears across . the series: resistor. Thc 
equivalent meter rcsistimc.e is Req .,j 2p.(). + . .9980 = 1.0000 O. 
Such a meter is descriBed as a "lOOO.ohins Per volt.meter", 
referring to the ratio of resfstapce to ."f~!1 .sc?iedcflccliOli . So 
the voltmeter draws off only a' smail rratt ion' of the currc;:nt 
and disturbs only slightly ~he circuit bcfrtg :~lcasure.d. '. 

13. Internal resistance of the ~c.~ i~' s~~~~ ~;'>~.-~( tt ;'" ~~ .. ) , ,, ',' .'" " l i 2 . ', ' . ' . . ' .. 
Here, R == I 0 , tl = 60 cm·i·l1..= 30 em 

, ' 

Hence, 
60 -30,' ' , ' " 

r= Ix-O "", JD: 
30 

i
1
-i

2 
800 - 400 .... '5''''' ' ;. 

14. r '" --xR "" x5 ",, '. U , . .'" 

t2 400 · .. · · 

ERp ' .': ., ;~. 
15. Potential gradient, X= ( " ' )'L' 

R + Rp ·'tr . 

" 

( whe;'pRp is ~~istance ofthewir~) 

SOx 10-3 ~>' . :.,,2S x30 • 
_,' , , (R,+30+5)xlO , 

R-111 5 .Q .,.-:'.~· . : .. 
' .' ' 
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A3.26 Pnysin for I!T·JEE: Electricity ~nd Magnetism 

16. X = Eo = 2.:.!.. = 0.0025V/cm 
L 440 

Potential difference across R is 

0.0025 x 220 = 0.550 V 

Error in the reading of voltmeter 

= reading of voltmeter .. reading of 
potentiometer 

= 0.5 - 0.55 = -0.05 V 

17. We sh,?uld connect this galvanometer in series with the given 
resistor. In general resistance of galvanometer is smail, so it 
can b~ neglected. If R is less, I is high, so 

, 

120 v... 

Fig. A3-6.6 

. ~ 120 
(lg)m.~= 40 x lO A,Rm!n- 6- 3MQ 

40x 10-

18. ,-R[$ -1)'5[ ~5: -1)-5[13 -I] -1.5 n 

19. According to Ohm's law, the current flowin g in a meta1lic 
wire is directly proportional to the pote ntial diffe rence 
applied across the ends of the wire provided other physical 
conditions like temperature, strain, etc. remain constant. 
For the circUit o f Fig. A3-6.7: 
Let the resistance of the voltmeter be R;- and the current 
flowing through it be Iv' 

Then 

Also, 

300n 400n 

60V 

Fig. A3-6.7 

l y Ry'" 30 and (/-IV) x 400 "" 30 

3 
300 x I=30 ~I=O.IA,:. O . I-Iv= 40 

3 
11'= 0.1 - -

40 

4-3 I 
~ /y"" -- = - A 

40 40 
I 

40 XR" =30 => Ry = 1200.0 

For the circuit of Fig. A3-6.S: 

300 0 400n 

60V 
'----_~ _ __ ..J 

Fig. A3-6.S 

I"xR,, = (1-I"pOO 

I" x 1200 = (/ - 1,,) 300 

4/,, ""' 1- 11' ~ /= 5 1" 

Also, 300(/ - Iv) + 400 1 = 60 ~ 700 1- 300 '1' = 60 

60 J 
3500 1,, - 300 11'= 60 ~ 11' = 3200 = 160 A 

Reading of voltmeter =..2... x 1200 '" 22 .5 V 
160 

( I ) 

20. For the experimental verification of Ohm 's law, ammeter and 
voltmeter should be connected as shown in Fig. A3·6.9. 

Anvneter 

I 
G' 

I 
~ 10

8
0 

,0-' 0 
~ 

Voltmeter 

... 
/' 

Fig. A3-6.9 

CHAPTER 7 

Exercise 7.1 

1. a. Just after it is turned on, the energy supplied to the bulb is 
higher. Because initially resistance is low and it increases 
with increase in temperature. 

h. After connecting band c, Rl will be short-circuited. Hence 
it will not g low. Now, ent ire potential d ifference will beon 
R

I
. So brightness of RI increases. 

c. D is short-circuited, soD will not glow. Potential difference 
across C is V. Potential difference across the series 
combination of A and B is V, so potential difference across 
each of A and B is VI2. So, brightness of C is the greatest 
and that of A and B are equal. 
If A'fa ils: B will not glow. No effect on C and D. 
If Cfails: Cwill not glow. No effect on A, Band D. 
If D fails: No eff~et anywhere. 
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d. Because resistance is directly proportional to length. At 
low current and high voltage energy loss will he less. 
Because ifcurrent is less, then loss ofenergy= PR will be less. 

e. Initially, current will he high in the circuit, so bulb will 
glow with maximum possible brightness. But as the time 
increases, current will decrease and brightness afthe bulb 
falls and finally the bulb goes out. 

r. This is not true. Because in series, current through an the 
bulbs is same. The current is simultaneously set up in series 
through all the bulbs. 

V 2 V 2 A 
g. p ",-=

R N 
Here, P, Vand e are fixed. We can vary A or e. 

2. Resistance of a bulb is given by R = ~ . Now, 100 W bulb 

will have less resistance. So we arc connecting less resistance 
in series with thc heater. It means potential difference across 
the heater will increase. So the heater wi!! give more heat. 

3. Pmax =(ima.... iR => 18=~x2 =>irruu = '3A 

Here Rcq = 3 n. 
So maximum power of circuit = i!.x /\,q = 27 W 

V' 
4. We know that R = p' Therefore, resistance ofthe first bulb 

V' 
is R, = - , 

P, 

And resistance of the second bulb is Rz = ~. 
P, 

In series same current wi!! pass through eac~ bulb. 

V' 
:. Power developed across the first bulb is If= 12 _ 

P, 
V' 

and that across the second bulb IS Pi. = /2 _ 
P, 

.P~o~w~'~'~in~b~u~lb""I ~ Power in bulb 1 I -;: = -=> < aSP2 <PI Power in bulb 2 ~ Power in bulb 2 . 

Hence, the bulb rated 220 V and 40 W will glow more. 
5. Here,?"= 30 W, V= 6 V 

v2 (6)2 
:. Resistance of the bulb, RI = - = -- = 1.2 n 

P 30 

Current capacity of the bulb, / =!.. = 30 = 5 A 
V 6 

Supply voltage, v' = 120 V 

6V 

r-_-1@!-_~114 v 

Ij R, I,:J 
120 v 

Fig. A3-7.t 

Appendix A3: Solu tions to Concept App lication Exercises A3.27 

Let R2 be the resistance used in series with the bulb to have a 
curre!)t of 5 A in the circuit. 
Total resistance = Rz + RI = R2+ 1.2 
:. Current /= V'/(R2 + 1.2) 

or 5=~ or R' = ~-1.2 =22.8Qinseries 
R'+1.2 5 

Alt'ernatively: 
Potential difference across the bulb should not exceed 6 V. 

. . 6 RI 114 114 . 
forthls: -= ~=>R2 =-RI =-xl.2 = 22.8.0 

114 Rz 6 6 

6. a. According to Joule healing, the rate at which .heat is 

V' 
produced in a resistance is given by P = /2 R = R' And in 

i.e., P
l 

= 2P
I 

Le., heat produced in the thicker coil is more (i.e., double) 
than that produced in the other coil. 
b. For three equal resistances each of value R, 

V' 
Rs= 3R; Ps= 3R 

And when the givcn resistances are connected in parallel: 

1 I 1 1 
-= -+-+
Rp R R R 

R V2 3V 2 

R = -'P =--'=-
I' 3' p (RI3) R 

i.e., 

S Pp 3V
2 

3R 9' P 9 n ' d" I 
0,~=--X-2 = ,I.c., 1'= J:~ ,l.c.,power Isslpatc( 

Ps R V . 

in parallel is 9 times that in serics. 
7. As the thi'ce bu lbs a'e in series and identical, initially'when 

switch S is open, 

Now, the switch S is e!osed, 
a. The bulb C is short-circuited and hencc potential diffcrcncc 

across it V;. = 0 and so V: = V;, =- VI2 wit~ V;. == O. And 

(V/2)2 V2 
hence p' + R' '" --- = 

'A B R 4R 

i.e., P; = Fk = ~ P, i.c., intcnsities of bulbs A and B will 

incrcase and become 2.25 of their initial "Values. 
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A3.28 Physics ro. IIT-JEE: Electrici ty and Ma!lnttism 

b. As V~ "" 0, no current will pass through bulb C. so it will 
give no light, i.e., P~ = O. 

c. As RT changcs from 3R to 2R. so the current in the circuit 
will change from 

I - ~ to I' ==..!::. 
3R 2R' 

. I' 31 I.e., "'2' 
i.e., current in the circuit will increase and will become 1.5 
times its initial value. 

d. As explained above, initially the voltage V divides equally 
across A, Band C, i.e., V./"' Ve":Vc "" VJ3. Now when the 
switch S is clo.sed, bulb C is shon·circuited, i.e., V~ '" 0, so 
voltage Vnow will divide equally across A and B, i.e., V~ 
"" V~ = V12. So voltage across bulbs A and B will change 
from V!3to vn. while across C from V!3 to zero, i.e., voltage 
drop across A and B will increase while across C, it will 
dec~ase and become zero. 
Further as Rrchanges from 3R to 2R, so power consumed 
in the circuit changes from 

v V' 
Pr'" - to P'r "' - , 

3R 2R 
i.e., 

i.e., power dissipated in the circuit increases and becomes 
1.5 times its initi81 valuc. 

8. Since m '" pAl, the lengths and hence the resistances of the 
wi res arc in the rat io I :2. A lso when they are connected 
in series, p eat produced will be in the rati o I ~2 , because 
H = /2R. \ . 

V2 V2A 
9.P"'-= -

R PI 
To boil water in 10 min, power should be increased. To 
increase power, length sh&uld be decreased. 

10. Power drawn by motor: 

p .. V/= 50x 12 = 600W 

70 
Power loss = - x 600 = 420 W 100 . 
This power is lost in the form of heat in the resistance. 

iR = 420 
(l2/R = 420 ~ R '" 2.9 n 

11. Heat produced = Heat loss through surface of wire 
IZR = H 21CRi 

Where H is the heat loss per uni t surface area o f the wire. 

12 pi ... H2rrR!. 
a 

Put a = ,.,.2 
.. P .... '> 

=> G~)' = [0:0)' => r '" 0.238 mm 

12. Pin ~ 12 x 2 = 240 W 
Heat low"" 9 calS/s "" 9 x 4.20 "" 378 Jls 

p out = 240 - 37.8 = 202.2 W 

Efficiency 11 = P(IIJ! x 100 = 84.25% 
Pio 

13. Heat produced ~ Heat loss 

14. 

V Z KAI1T 

R I 

Here Y"" 400 V, K = 4 x I 0-4 calJcm soC 

- 168 x 10-4 Jlcm soC 

I1T = 100, l" l mm"'O. 1 cm 
A'" 6(40)2 

400' 
- - 0 

R 

16.8x 10-4 x 6 X(40)1 X 100 

0.1 
R = 9.92!l 

a. When the lamps are connected in parallel, then potential 
difference V across each lamp will be same and wi!! be 
equal to potential difference necessary for full brightness 
of each bulb. 
Because illumination produced by a lamp is proportional 
to electric power consumed in it, and power consumed is 

y 2 V2 P,- -< - = Pz 
RI R2 

hence illumination produced by the second bulb will be 
higher than that produced by the first bulb, i.e., the bulb 
having lower resis tance will shine more brightly. 

h. When Rl burns out, then power is dissipated in R2 only. 
Because internal resistance is quite low in lighting circuit, 
p otential difference is still equal to V, hence power 
dissipated in the second lamp, i.e. , 

~ < ( ~+ V2

) , net power consumed ini tially. 
R2 l RI R2 

In other words, net illumination will now decrease. 
c. When the two lamps are connected in series, the potential 

d iffe rence across each lamp will be different but current 1 
flowing through each lamp wi ll be same. 
Hence, illumination produced by the first lamp will be 
higher as compared to that produced by the second lamp, 
i.e. , the lamp having higher rcsistance w ill glow more 
brightly. 

d. When lamp of resistance R2 bums out and only lamp of 
resistance R) is connected in the circuit, thcn current fl owing 
through the circuit will change. Let new current is i '. 
Because poten tial differe nc e s till remains same 
(due to low internal resistance), hence 

i'R1"" i(Rj +R1) ~ i'= [i(R[+R2)JI R[ 

If P' is the power consumed, then 

P' = i ,2 R[ = [t2(R[ + R2)(R[ + R2)]! Rl 

W hen both the lamps were present then total power 
consumed was given by 
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Ps = Il +~ = ;2(Rl + R2), i.e., iltumination gets increased 
when only bulb is used. 

15. Let the power supply is Y. Let resistance of each bulb is R. 
Total resistance of circuit"" nR 

Power illuminated by all ~UlbS, ~ = y2 
nR 
Po V' 

Power illuminated by one bulb, ~ =.J. = -,
n n R 

After one bulb is fused, the powers are 

P' .. V
2 

p' _ V
2 

I (n-tJR' '-(n-I)'R 

a. Fractional change in the illumination of all the bulbs: 

fi"" P,-fj =PI_1= _ n __ 1 =_1_ 
ii ii n-l n-l 

b. Fractional change in the illumination of one bulb: 

fi- P2'-P2 =~-l= 2n-1 
P, (n-I)' (n -I)' 

16. Power input = Pj = VI = 100 x 6 = 600 W 
Power output = 150 W 

Efficiency; n '" ~~ x 100 = 25% 

Heat produced is 600 - 150 '" 450 W 

~ P R '" 450 where R is the resistance of windings 

R= 450 '" 450=12.5Q 
62 36 

17. Voltage drop across line = 10 V, current = ~ = 5 A. 

100 
Current drawn by one lamp '" - A 

230 

5x230 
So number of lamps a 100 = 11.5 

18. Total wattage consumed (units) 

7x40x6 2x60x6 5x(220x004) X! 
1000 + 1000 + 1000 

(220)' 10 
+--x--

4804 1000 
:= 12. 84 per day 

No. of units consumed in one month (Jan) - 12.84 x 31 =-
398.04. 
Total bill = 2 x 398.04 = Rs. 796.08 

2002 2002 

19. a. Rl = 300 • R2 = 600 

Appendix ·A3: Solutions to Concept Application Exercises A3.29 

The resistance of the first bulb is more. Hence in series, the 
first bulb will produce more i!lumir.ation. 

b.P= ~~ =300x~OO=200W 
~+~ 300+600 

c. p .... p! + P
2 
= 300 +600 =900 W 

20. I:-etstabilizer gives voltage V, then powerprorlu<;ed by the bulb is 

p - (!:...)' 100 
220 

dP = 2dV 
p V 

dV dP 
If- = ±l%,then - =±2% 

V P 
Hence maximum power produced, 

P~ = 100+2%= 102 W 
Minimum power produced 

Pmin "" 100-2%"'98 W 

• output power 
21. Efficiency = 7J:::: . 

mput power 

(2R . E 
ry = _ where 1= - -

Ei R+r 
, , 

R 

R R n= -- ~ O.6= --=}2R=3r 
R+r R+r 

.'. Newefficiency 7J] :::: ~ = 0.9 = 90% 
6R+r 

22. 25 W bulbwi]l glow brighter. This is becau.se P = /2 R where 
/ is the current flowing and R is the resistance of the 
appliance. When 1 is same, p ... R. Thc rcsistnncc of 25 W 
bulb is more and therefore P is more. 

CHAPTER 8 

Exerdse 8.1 

1. a . .B A cos 8where A is area of the flat surface. 
b. B A cos e. 

I 
2. a. 320 W 

b. 0 (zero) 
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A3.32 Physics for IIT-JEE: Electricity and Magnetism 

2. a 

h 

o. 

Fig.A3w 8.8 

~ ~ 

e.m.f.= 0 as B II v 

v 
t 

®B 

~ . 
e.m.f.= 0 as f II . 

B 

~ 
~ ~ 

e.m.f.=Oas fxB 

3. ConsiderrodAB, which is a part of the coil. e.m.f. induced in 
the rod = BLv. Suppose the e.m.f. induced in partACB is E, 
as shown. 
Since the e.m.f. in the coil is zero, e.m.f. (in ACB) + e.m.f. 
(in BA) = 0 

or -E+vBL = O 

E= vBL 

TIms e.m.f. induced in any path joining A and B is same, 
provided the magnetic field is uniform. Also, the equivalent 
e.m.f. between A and B is BLv (here the two e.m.f.s are in 
paraJ!el). 

4. The same e.m.f. will be }.nduced in the straight imaginary 
wire joining A and B, whiWis Bvf sin e. 

A 

Fig. A3-8.11 

5. E=2RvB 

t' ®B 

A c:::::=::> B 

Fig. A3w 8.12 

6. Induced e.m.f. = 0 

p 

P~>----< Q 
2Bav 

Fig. A3w 8.13 

7. Jnducede.m.f. = 2Bav 

8. 

9. 

, 

Jloi I v 
10. E=Blv=--

2.x 

A1ternatively: 

2Bav 

i\ 

Fig. A3w 8.15 

Q 

B 

e.m.f. is equal to the rate with which magnetic field lines are 
cut. In dt time the area swept by the rod is lvdt. The magnetic 

field lines cut in dl time = Blv dl = Jloi I v dl . 
2.x 

, 

h-f
' ®B 

i I V 

Const x 
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.. The rale with which magnelic tield lines are cut c _ J1o~!.!.. 
2n 

s,'" 

Fig. A3-S.1S 

A1ternatively: 

Consider a small segment of width dy at a distance y from Ihe 
wire. Let flux through the segment be dlP. 

Now, 

dy 
~ 

:-y 

eo ... "" I I '--'-'---' 
current! r 

, 

Fig. A3-S.19 

d~- Poi Idy 
2xy 

~~ ~oil 'f" <!l 
2. y , 

'I 
_ !1.' (In(x+b)-In xl 

2. 

d¢ ~ M/[_I_' dx _ ~ dx] 
dt 2tr x+b dt x dl 

- ~oi/[ (-b) 1 - -Mbl, 
- 211' x(x+b) v- 2trx(x+b) 

Inducede.m.f. '" 
lJoiblv 

2xx(x+b) 

12. Consider a segment of rod of length dx, at a distance x from 
the wire. e.m.f. induced in the segment 

dec poi dxv 
2xx 

'f,t M'dx ""i'l (l+a) e~ ---=-n--
21<x 21< a , 

Appendix A3: Solutions to Concept Application Exercises A3.33 

13. e.m.f. '" 0 
The equivalent circuit is 

ee,,(a+bJ 
2, • 

!!i!.. ln (8+ bJ 
2. a 

Fig. A3-S.20 

. e Poiv I (X+I) ,= R+r '" 2x(R+r) n t 
BCIJ{ 2 

14. EMQ+ EpM = EpQcomer~ - 2- -100 

33 ' 
EMQ - =Brol2"' - x IOOV= 75V 

8 4 

Bm{2 
15. e.m.f·PQ "" 0; e.m·f.pc = - 2-

16. 

E 

\ 

17. 

R 

0 

C 

, 

Fig. A3-8.21 

, o ' • , A .. ~A ~C7 2'Bro12 
~ R 20 ~ 

D 
C E 

Fig. A3-8.12 

..!. BCIJ{ 2. 

Current i= 2 

E 

R 

C 

, 

RH 

E 

C. E. A 1--1 ~-'VVvv--4 0 , 
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Al.36 Physics for IIT-JEE: Electricity and Magnetism 

For loop b: 

(
323)' 

., -1t l~ x 8.5xlO-3 

= -2.7 X 10-3 

Forloopc: 

~ 

3. ~IE.d$ '" mag 

~ 

~3E.dS = 3(mag) 

It means field in band c should be out of the page. 

~ 

~4E.d;'" 0 

It means field incwill be opposite to that in e, i.e., into the page. 

4. dB = 0.060 t 
dl 

E _ rdB 
MP. - 2dt 

= 0.020 x 0.060 = 6xI0-4 VIm 
2 

Here magnetic field is increasing with time, hence electric field 
will be in antic!ockwise direction. 

S. a. Att = O, CwiU act as a simple wire, soR and L both will be 
short-circuited. So, there is no current in Rand L. 

e 
11=0,12 =0,/)-, 

b. At t - <><>, L will act as a simple wire so, Rand C will be 
short-circuited. 

e 
11 ;,,- 0,/2"'" -. 1)=0 , 

6. a. U= PI = (200 W) (24 hlday x 3600 s/h) = 1.13 x 107 J 

2V 2(1.73 x 10' 1) 
=>L~ - = -5406H 

I' (80.0 A)' 

30V 
7. a. imu, ;;; looo n "" 0.0.30 A - 30 mA, long after closing 

the switch. 

11 i- imax(l - e-l /(LlR» '" 0.030 A (I -e -~) 
= 0.0259 A 

c. 

VR"" Ri=(10000)(0.0259A)-26V 

VL "" €aattcry-VR - 30V-26V=4.0 V 

d; 
(or could use VL = L - at t ,., 20 ~s) 

dl 

v 

30 V ---- .- ---- •• • --. --.- ••• -- ••• --- -

30 V ---------- -- ---- --------

Fig. AJ-8.31 

8. L T~ 2. ~ 2 • .fiE ~ 2.,j(l.50H)(6.00xW' F) 

'" - 0.0596 s, w- 105 radls 

b. g..,CV- (6.00xIO-sF)(12.0 V) '" 7.20x lO--4 c 

c. VI) = .!. Cy2 = .!.(6.00X IO-sF)(12.0 V)2 '" 4.32 x 10- 3 J 
2 2 

d .Att "' O.q=Q cos(CQt+~) =>~=O 

t"" 0.030 s, q "" Q cos(rot) 

= (7.20xlO-4q 

xcos( 0.0230 , ) 
~(1.50 H)(6.00x W, F) 

= - 5.43XIO"'C 

Negative sign indicates that signs on plates are opposite 
to those at initials. 

e. t =: 0.0230 5, j '" dq =-wQ sin(wt) 
dl 

. 7.20xI0-4 C 
. 1=-

~(1.50 HX6.00 x 10- ' H) 
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I . 

x Si~( 0.0230s )=-O,OSA 
)(1.50 H)(6.00x W'H) 

Negative sign indicates positive charge flowing away 
from plate which had positive charge at the given time. 

. l (5.43 X 10-4 C)2 -3 r. Capacltor: Uc " -"" _ 2.46 x lO J 
2C 2(6.00 x 10-5 F) 

1 .2 1 2 
Inductor: UL ="2l! = '2(1.S0H)(O.0499A) 

= 1.87 XIO-3J 

9. At I = 0, inductor acts as open circuit: 

b.OA 
c. 2A 
d. Vacross resistor R2 == 0 
e. VacrossL- lOY 

f. L
di2

=20 
dl 

di2 =.!!! '" 2 Als 
dl 5 

At t = 00, inductor acts as a conducting wire: 

1 
T 

R, 

Fig. A3-S.33 

e 
a./ =- =2A , R , 

e 10 
b.12 "" - '" - = I A 

R2 10 

c. i lwild. == I, + 12 "" 3 A 
d. VR2 "' lOV 

e. VL ""OV 
r. Current in R2 is not changing with time, so 

di2 0 
- ~ 
dl 

"p~ndix AJ: Solutions to C()llcept Application bercbes A3.37 

10. a. b shall be at a higher potential 
Eo = lo(R, + R2)=9 x 8 =72 V 

JR, +~)I 

b.l=foe L 

/ through Rl 

I 
9. 

--J---=::::::==':="" T o 

Fig. A3-8.34 

I through R2 

___ .,3. 
° 1 ~"'T 

s, 
c. /.ege 0.4 

-gAr 
Fig. Al-8.35 

20, 9x l03 
::::} C =--

201= In 4.5x i01 

1 
1= 20 In(4.5xlO' ) s 

11. 10 - 41 - 8/1 - ~ = 0 

1]+/2 =1 
10-41-4/2 = 0 

1- --_(10-41) 
, 4 

10 
' ]+- = 21 

4 

41'" 2/1+ 5 

10- 2/ - 5-8/. '" dl l 
, dl 

dl=~ 
5- 10/1 

2 

(i) 

(u) 
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Al.40 Physics for IIT-JEE: Electricity , rid M'gnetism 

I. Time spent by the charge in magnetic field 

0)1'=8 ~qBt=O ~t_mO 
m qB 

II. Distance travelled by the charge in magnetic field 
mv 

= r(20)= - x2e 
qB 

ill. Impulse"" change in momentum of the charge 

(- mvsinOl +mvcosO}) -(mvsin O{ +mvcosO}) 

- - 2mvsinOi 

4. i.2n: _ 20 "" 21r_ 2 x !!.. "" 2n:_ !:=5H= WI =qB 
6 3 3 m 

5<m 
t - --

3qB 

ii. Distance travelled $ '" r(211"- 28) = 5~r 
, , , • • • • 

8 " ,./6 : • • 
v 

-'I, V 
• • • • 
• • • • 

Fig.A3~9.2 

iii. Impulse = charge in linear momentum 

= m(-vsinOi +vcos8}) 

-m(v sinOi + vcosO J) 

• 
• 
• 
• 
• 
• 
• 

2 . O~ 2 . 10 ~ ~ "" - mvsm 1=- mvs'""'61 =-mv ) 

5. I. d> ~rncansd>R 
qB 

T .m 
/= -= -

2 qB 

Flg. A3~9.3 

\. 

ii. sinO= i-
e- ,;"-, (*) 

c 

Fig.A3~9.4 

001= 8 ~ t ,.. ;~ sin-
1 (~) 

6, The path of the particle will be circular. Larger the velocity, 
larger will be the mdius. 
For particle not to strike, R < d 

mv qBd 
-< d =:)v<--
qB m 

~' 

Fig.A3-9.5 

F \
. .. qEd 

or Irnltmg case, v; -
m 

Fig.A3-9.6 

R;d 
:. Coordinate = (-2d,0, 0) 

7. I. True, ii. True, iil. True, iv. False 
Sol. Force exerted by the magnetic field is in the plane of 
spiral. Direction of magnetic field is always normal to both 
the velocity vector and dir~ction of force . It means magnetic 
field is normal to plane of the spiml. Hence (a) is correct. 

", 
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o 

v 

Q 

Direction of 
-/ / associated 
/ current 

Fig. A3-9.7 

Since the particle experiences a resistance against its 
motion, therefore its speed decreases continuously. Radius 
of the circular path fol1owed by a charged particle moving in 
a magnetic fi eld is given by R - mvlqB. Since v is 
continuously decreasing, therefore radius R also decreases 
continuously. Hence, a charged partic le should follow a 
spiral path of decreasing radius. Hence the particle enters the 
magnetic field al Q. Hence (b) is corrett. 
Force experienced by the particle is towards the centre and 
direction of the force is found by Fleming 's left hand rule. 
Since magnetic field is outwards, therefore according to 
Fleming's left hand rule, the direction of current associated 
with its motion should be as shown in Fig. A3-9.7. Since the 
particle is moving in the same di rect ion, therefore the 
particle is positively charged. 
Hence (c) is correcl. Obviously (d) is wrong. 

8. i. True, ii. True, ill. False, iv. True 
Period of revolution of a charged particle moving in a 

.< . fi Id· . b T 2Jrm unllorm magnetIc Ie IS gIVen y = --. 
qB 

This period Tdoes not depend upon speed of the particle. In 
this particular qucstion, the moving panicle is an electron. 
Hence its mass and charge (q) both are constant. Magnetic 
field is also uniform. Hence, its period of revolution remains 
constant. It means electron moves with a constant angular 
velocity. Hence (i) is correct. 
In previous question we have already d iscussed that if a 
charged particle experiences a resisting force against motion 
then it follows a decreasing radius spiral path. In this 
question, electron is moving along a spiral path of decreasing 
radius. It means its speed is decreasing continuously. Hence 
(ii) is correct. 
S ince the speed of the electron is countinuously decreasing, 
therefore it is experiencing a tangential retardatio n. It is 
possible only when the componanl o f resultant force opposite 
to the direction of motion of electron has non-zero value. It 
means, net force on clectron cannot be perpendicular to its 
direction of motion. Hence (iii) is wrong. 
Since the speed of the electron is decreasing continuously, 
therefore the force exened by the magnetic fie ld (F = qvB) is 
also decreasing .::ontinuously. Hence, magnitude ofnel force 
acting on the electron is decreasing continuously. 
Hence (iv) is correct. 

Ap~ndix A3: Solutions to Concept Application Exercises A3.41 

9. a. True, b. False, c. True 
A unifonn magnetic fi eld B and a uniform electric field E 
exist perpendicular to each other and the particle moves along 
a direction perpendicular to both these fields, then forces 
exerted by these two fields may be opposite to each other. If 
magnitudes of these forces are equal, then the resultant force 
on the particle will becomes equal to zero. 
Hence, the particle will move with constant velocity. Hence 
(a) is correct. Obviously (b) is wrong. 
If E is equal to zero then the panicle will experience a force 
due 10 magneli~ field alone. But the force exerted by the 
magnetic fi eld is always perpendicular to the direction of its 
motion. Hence, no power is associated with this force. In 
other words, no work is done by the magnctic field on the 
particle. Therefore, K.E. ofthe particle will remain constant. 
Hence (c) is correct. 

10 
. 3mv

1 
'1 3mvl 

... 
• I. --- ,I. - - - , m.zero 

11. 

4 a 4 a 
In going from P to Q, increase in kinetic encrgy 

1 2 [ 2 I 2 ;;; - m(2).') --my = - 111(3).' ) 
2 2 2 

.. work done by the electric field 

3 , 3(m") - 111).' '" Eqx2a orE- - -
2 4 qa 

The rate of work done by E at P = force due to E x velocity 

[3(,",')] 3(m") 
;0 (q£) V = qV"4 qa ="4 -;-

Atq, v is perpendicular to Eand B, and no work is done by 

either fi eld. 

a. F = q;xB = qBz [v .. (ixk)+vyOxk) 

+vz(kXk)J= qBAv .. (-])+vy(i)] 

Set this equal to the given value of F to obtain 

(7.40 x 10-7 N) 

- ( -5.60 x W, C)( -1.25 T) 

= - I06m/ s 

- (3 .40 X 10-7 N) 

(-5 .60 x 10"' C)( -1.251) 

= -48.6 mls 
b. The value of v .. is indctenninate. 

c. 

() = 90° 
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"3.44 Physics fOf UT·JU: Electricity and Magnetism 

mv ". 
I = rsint 

. I eB 
=> smrp = _ .. -

, m' 
y-component of the velocity is "sin O. 
Hence y-component of momentum is Mv sin 8 = eB 

2;r m 
24. d = (vcosrp) T .. (vcosrp) - -

where 

qB 

I , 
ll.V .. - nlV 

2 

v = ~2""' V 
m 

Putting the value, we gct B = 2;rm (~2ll.V )eos rp 
qd /II 

Exercise 9.2 
1. The situation is shown in the figure providcd. The magnetic 

field al the sile of d t due to the fi rsl wire is B = IJoil . 
. 21tt 

This field is perpend icul ar to thc plane of the figure going 
into it. The magnctie force all the length dl is 

dF - ' dlB ' 900 - tloili2dt '- 12 sm - ---
2nl 

This force is paralielto the current i l. 
2. Suppose the fie ld and the eUiTent have directions as shown in 

the figure provided. 
The force on PQ is 

F .. (e xB 
or F ] =5.0Ax IOcm x2.0T = l.O N 

The rule of vector product shows thai the fo rce F l is 
perpendicular to PQ and is directed towards the inside of the 
triangle. 

The forces F2 and F3 on QR and RP can also be obtained 

similarly. Both the forccs are 1.0 N directed perpendicularly 
to the respective sides and towards the inside of the triangle. 

The thrce forces ij, F2 and F) will have zcro resultant, so 

that there is no net magnetic force on the triangle. This result 
can be generalised. Any closed cun·cnt loop, placed in a 
homogcnyous magnetic fic ld, docs not experience a net 
magnetic force. 

3. a. The force on the wire due to the magnetic field is 

f" = ;t XE orF=ieB 
It acts towards right in the given fi gure provided. If thc 
wirc docs not slidcon the rails, the forcc offriction by (he 
ra ils should bc equal to F. If Po be the minimum coeffi cient 
of friction which can prevent s liding, Ihis force is also 
equal to Po mg. Thus, 

. itD 
l'olllg = I to or Po = -

mg 

• If h '" ffi " Po itB h ' ' II .... t e m chon eoe IClent IS Jl = - = --, t e wIre WI 
2 2mg 

slide towards right. The frictional force by the rails is 

itB 
f= Il mg = - towards left 

2 

Th I r. . t B itB itB rd ' hTh eresu tant oree ls i -"""2 - '"2 towa s n g t. e 

acceleration will be (J = itB . The wire will slide towards 
2m 

right with this acceleration. 
4. The wire is equivalent to 

----------------~, B 

Fig. A3-9.10 

8 =O, :.F,c.= O '. 
Forces on individual parts are marked in Fig. 9.11 by ® and 

o . By symmetry there will be pair of forces forming couples. 

y 
, L , 

Fig. A3-9.U 

rJr l 2 
-r = Jo j (RdB)Bsin(90 -B)2Rcos8 

i ltR2 

p - - B 
2 

~ i 1tR2 ~ 
0' f ~ r (-j) ~ -B{-j ) 

q 

s. f. nett = / 2R B. Thc wirc is equivalent to 

p 2R Q 

dF 

Fig. A3-9.12 

Force on each element is radially outward, 1'c"" 0 
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Torque about point P= "P = J :(i(Rd9)BSin900]R si n8 

= 21BR2 

6. F = 110/1/2 a (-t) + 110/1/2 aCt) ". 110 /1/2 (-I) 
res Zlra 21r(Za) 41r 

7. We have for mid·air suspension, 

mg = f i B 

B= mg = O.2x9.81 =O.65T 
if 2x1.5 

8. The net force from A to B is dF ", l(dL x B) 
,p Q 

fdF ~ f I{dL, xiil+ f I[di,xiil 
" p 

, , 
+ J J[di, x B} + J J[dL4 x B] 

Q , 

, 
+ f I[d£, x iiI , 

The entire path can be broken down into elemental vectors 
joined to each other in sequence. We know, from polygon 
law of addition of vectors, that vector joining the tail of the 
first vector to the head of the last vector is the resultant. 

F ~ I(L xii) 

where 

FnCl = IB(a+.Jc2 _ b2 +2r+d) and its 
direction is upwards on the plane of paper. 

9. F = itxiJ 

10. 

F= IlBsin8 
a. When the current is flowing from east to west, 

f}= 90" 

Hence F= UB= (IA)(lm){3xlO-5 T) 

The direction of the force is downwards. This direction 
may be obtaincd by either Fleming's left hand rule or the 
directional property of cross product of vectors. 

b. When the current is flowing from south to north, 

8= 0" ~F = O 

Hence, there is no force per unit Icngth on the conductor. 

e 24 
I = - -- = ZA 

R 12 

Appendb A3: Solutions to Concept Application Exercises A3.4S 

k' 

mg 
mg 

Fig. A3·9.13 

Magnetic force "" IlBsin~ 
2 

=2x5x lO-2 xB=!!.... 
10 

2kx = mg+l tB 

Zk(xi +X2 ) = mg+I!B 

Zkxl + 2kx2 = mg + liB 

-3 0.3 B 
O.IOxIO x l Ox-~-

0.5 10 

:. B= 600 X 10-3 - 0.6T 

k' 

liB 

11. Consider a thin strip at a distance x and of the thickne! 
dx. It is equivalent to a long straight conductor carryin. 
(/2dx1b) current. 

• IJ. 1 1 dx IJ. 112 dx 
dF(force of attractIOn) :; ~x-'-~-'-'-x

· 2l't"x b2l't"bx 

12. 

B 

'/-_ -i-b_ 

Fig. A3·9.14 

jj ~ 0.75 (k) 

Fab ~ BII""0.75 x 6x40x 10-2 

  R. K. MALIK’S
    NEWTON CLASSES

JEE (MAIN & ADV.), MEDICAL
+ BOARD, NDA, FOUNDATION

Office.: 606 , 6th Floor, Hariom Tower, Circular Road, Ranchi-1,
 Ph.: 0651-2562523, 9835508812, 8507613968

R.
 K
. 
MA
LI
K'
S

NE
WT
ON
 C
LA
SS
ES

  
  
 R
AN
CH
I



A3.46 Physics for IIT·JEE: Electricity and Magnetism 

h 

Fab= 1.8N 

Fab= 1.8 (- }) 

~ BI(bd) J+ BI (del I 
= O.75X6[(R - Rcos53o)j+ Rsin300 iJ 

( .J3)" '. = 1.8 1-2 J+O.9 J N 

Fro = Fcd+Fda 

- -f!.9 j +O.9.J3 j 
We can see that net force is zero on the loop. 

, 

a d b 

Fig. A3~?15 

13. As eli and jj are parallel, 

dF= IdXxB = O 

Fnot = 0 

14. Fig. A3-9.16. Let Fo = qvB, then: 

, 

Fa = Fo in the - k direction 

Fb = Fo in the + ] direction 

Fc = O. since magnetic field and velocity 
are parallel 

Fd = Fo s.i,n 45' in the - J direction 

Fe = Fo in the - () + k) direction 

y 

),''----+~!-- , 
F. 

F. 

Fig. A3-9.16 

15. For a charge with velocity 

v = (8.00xI06 m/s)}, 
the magnetic field produced at a position away from the 

.. - J.loqvxP particle IS B = ---. 
. 4Jr r2 

) ' "k"l a. r=(+0.500mi ::::>vXr= - ,ro =4 

- Iloqv
B =-- - k 

41t' r,2 o 

_ 110 (6 OXIO-6 C)(8.0 x I06 mfs) k 
- 41t' (0.50 m)2 

= -(1.92 x 10-5 T)k;;;; - Bok 

h r= (-{).500 m)] ::::> vxP =0 ::::> B =0 

16. a. r = (0.500 m)k 
A A ~ 2 

::::> vXr = +l,ro 
4 

b. r = -(0.500 m)} + (0.500 m)k 

- A ~ 2 I 2 vXr=-I, r =2'= ro 

- Iloqvt Bot _ Boi 
B = +--- ~ +--- - +-

4. " .fi 2 .fi 2.fi 

-+-+-+ --
17. a. F = /labXB = l(labB)jXi 

~ - (6.58 A)(O.750 m)(O.860 T) k 

~ (-4.24 N)k 

b. F = 17 be X B = l(lbeB) [ (i .jzk) X t] 
~ - (6.58 A)(O.750 m)(O.860 T)J 

~ (-4.24 N)J 

~ ~ ~ [(f -J) 'J c. F = I I cd X B = l(lcdB) .fi xi 

~ -(6.58A)(o.750m)(O.860T)[J+k] 

F ~ (4.24N)[J+k] 

~ - (6.58 A)(O.750 m)(O.860 T)J 

~ (-4.24 N)J 

-+-+-+ AA 

e. F = l/ ej xB = l(lejB)(-i) xi =0 

f. Summing all the forces in parts (a}-{e), we have 

~ , 

FlOlat = (-4.24 N)j 
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18. a. 

• 

F = f.lO / l I2L 
2" 

p,(5.00 .)(2.00 .) (1.20 m) 

2,..(0.400 m) 

'" 6.00x I0-6 N 

The force is repulsive since the currents are in opposite 
directions. 

b. Doubling the currents makes the force increase by a faclor 
of4 to 

F- 2.40 xIO-s N 

19. In order to use equation F = I tx ii ,wewQuldneedtofind 

the angle between '( and B. We avoid this task by using unit 

vector notation. From the fi gure provided, we see that 

t", ai-a}+ak 

Thus, the force is F'" fi x iJ = la8(1 - J +k)x(}) 

= 108(-1 +k) 

The force lies in the xz plane and has a magnitude 

F = .filaB = O.8SN 

20. Magnetic fo rce is along the positive x-axis. If motion is to 

occur along the incl ine. L F = 0: IL I By I cos 37° 

= mgsin37° from which 

/_ mg tan3P '" (O.OSOX9.8)(O.7S) 
LIB, I (0.40XO.20) 

= 4.6 A 

21. Referring to the figure in question, we note thai the magnetic 
forces on the slanting sides are parallel to AC and therefore 
do not produce any torque about the axis AC. The magnetic 
force on the horizontal side of the frame is 

Fmag = iLxB (;) 

This force has magnitude F PIIg =iLBsin 900 = iLB and points 

horizontally to the right on this plane of this figure, 
perpendicular to Land B. Thc magnetic torque about AC has 
magnitude 

T", '" iLB(Lcos9) = iL2 Bcos 9 (ii) 

and tends to increasc the angle 9. The gravitational torque 
about the ax is AC is 

T, - -[(U)g(L s;,e)+2(1cL)) 

gGLSin9 ) (ii i) 

Appendix 43: SOlutions to Con~ept Application herci~s A3.47 

Fig. A3-9.17 

where the minus sign indicates that gravity tends to tum the 
frame in the direction of decreasing O. We have let ..t denote 
the mass per unit length of the wire. In equi librium. the 
torques evaluated in equations (ii) and (iii) must cancel, 

which implies that tan 8= (Bi)/(2.tg). 

Substituting the data, we obtain 8 - tan - I (lE-). 
2.>.g 

22. F= IdB 

F 
a" -

m 

v2=2aL = 2IdBL 
m 

v = ~2IdBL 
m 

23. Model the two wires as slraighl'parallcl wires. 

11 12t 
a.Fn= -'-

2,a 

-140A 

Fig.A3-9.18 

F = (4Jt x lO-'XI40}2(21l')(O.IOO) 

B 2n(l.OOXIO 3) 

= 2.46 N upward 

2,46N - mloopg 
b a loop = = 107 mls2 upward 

m"", 
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A3.4S Physics for IIT-JH: Electricity and Magnetism 

24. 
Po 2lA Isl 
-"= "=mg 
4. , 

where r = 2.5cm 

mE (O. IOOg / cm) ! 

25. Net force on circular parts will be zero because magnetic field 
produced by I ] on these parts wi ll be tangent at any point. 
On straight parts, forces will be in same direction. 

Net force"" 2[JlO 2/]/2 L] 
4. R 

Exerdse 9.3 

I. a. ¢J= 90°; -r= NIAB sin (90°) ""NIAB 

Direction: ic x J = -1, U= -NJl.B cos; =0 

h ¢J= 0°: -r- NIAB sin(O) = 0, no direction, 

U= - NJ.lB cosifJ =-NIAB 

c. ¢J=900: -r= NIAB sin(900) = NIAB 

Direction: - kx j = -I, U= - Np.Bcos¢1 =0 

d ~= ISOo: -r=NfAB sin(ISOO)=O, nodircction, ' 

U= - Np.Bcos¢1 =- NIAB 

2. Magnitude of dipole moment IMI =fA = fP 

Direction of magnetic moment is found by right hand rule. 

30. 60. A 
'-~~~-~9------~ 

Fig. A3-9.19 

To find unit vector of magnetic dipole moment, it is easier to 
make a two...dimensional view. 
Direction of unit vector of magnetic moment: 

if"" cos300(-i)+s in 300(]) 

.fj. I. 
- - - i + -j 

2 2 

-+1l2
A A 

M - 2(-3i+) 

~J 

Fig.A3-9.20 

The right hand rule determines the direction of the magnetic 
moment of a current carrying loop. This is also the direction 
of the loop's area vector. 

• Sometimes a current canying loop does not lie in a single 
plane. 

• But by assuming two equal and opposite currents in one ~ 

branch (which obviously makes no change in the given 
circuit) two (or more) closed loops are completed in 
different planes. 

• Now the net magnetic moment of the given loop is the 
vector sum of individual loops. 

3. Magnetic moment of the loop 

IMI = fA = 4.0 x20xlOx l0-4 

IMI "" gx 10-2 
Am2 

For direction: 
, 

y 

Flg.A3-9.21 

Unit vector in the direction of magnetic moment 

¥- cos 60oJ - cos30k 

~L .fjk 
2 2 

M"']M1M .. 4 x lO-2(}-fi k)Am2 

4. The given loop may be considered as the superposition of 
the two loops, as shown in the fi gure. ' 

rrR21 rrR2f 
The resullant dipole moment is M"" ---t---+-
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o 
Fig. AJ~9.22 

5. Join additional wires at AH land DF carring same current in 
opposite directions. It will not affect the overall loop. Loop 
ABGH and DeEF will cancel as their magnetic momcnt is in 
opposite directions. 

, 

y 

o c 

A f--_I--"B( 

).F~-I~-E~- x 

H G 

Fig. AJ-9.23 

a. Net magnetic moment oflhc loop :z Magnetic moment of 

ADFH= - U2j = ; Am2 

1'= mxB = _if 2 fxBj 
= -itlBk =BkNm 

6. lei v be the speed o flhe eleclron and rthe radius ofils orbit. 
The orbiting electron creates an electric current opposite to 
the velocity. The current is the charge that passes any given 
poi~t along the circumferential path during onc second. Thus 
current is charge e times the frequency 1/ of the orbital 
motion. 

1= ev · !.... = ~ 
T 2,U 

The magnitude of magnetic moment, 

ev 2 evr 
11= fA =-7rr =-

2n:r 2· 
The direction of the magnetic dipole moment is perpendicular 
to the loop from right hand thumb rule. 

The orbital angular momentum [orbit = ;: x jJ 

14,,.,i.1 = rpsln900 == mvr 

The direction orthe orbital angular momentum is determined 
from the vector product right hand rule. 

ApptndiK A3: Solut ioM to ( olltept Appti ~a tlon htrcises Al.49 

-. 
L 

" Fig. A3~9.24 

The directions of angular momentum and magnetic dipole 
moment are opposite to each other. 

- ,
/J :: - -L 

2m 
7. We can visualize the rod to consist of differential elements 

dQ, which constitute a series of concentric current loops. The 
charge per IInit length or lhe rod is..t, 

" • Q J. 
So the charge on a differential element oflength dl, 

dq ' ).d/ 

The current dJ due to rotation of this charge is given by 

dq OJ OJ 
dJ ' :::-"~ • - dq • -_ Adl 

(21C10J) 2n 211' 

Tolat ci1arge '" Q 

Fig. A3~9.25 

The magnetic moment ofthis differential current]oop, 

., OJA Pde 
2 

To find total magnetic moment, we integrate 

J1=< WAIL (2d t = WALl 
2 , 6 

Substituting for A, we obtain 11 " O:L2 

8. The magnetic dipole moment of the current carrying coil is 

given by M = NIA n 
lOO xO.Sx O.08xO.041 

1.6 x lO-2Am2 
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A3.50· Physics fill IIT·JU: Electricity lind Magnetism 

The torque acting on the coil is i - M x iJ 
= M(ixj) 

= 1.6 x 10-2 x OJ? k 

"" S.66 X IQ--4(Nm)k 

'9. L From Fig. A3·9.26 (h) wesco th, "h,"nit ,,010' noon.1 to 
loop 

, 
n = -sin37°i +cos37°} =-0.61 + O.8} 

Fl 
l;;:--:;-;;-- y 

, 
t 
F 

Fig. A3-9.26 

The magnetic moment is 

n /i -sin 37· J 
4·~~J 

cos 37· 

p - NlA"' (5)(2)(0.2),( .-o.6i +0.8j) 

- - 0.24i +O.32} Am2 

h The torque, 1" = i1 x iJ = (-0.241 +O.32}) x(O.S}) 

= - 0.12k Nm 

c. The potential energy of the loop is V=-mBcos 6whereJ1 
.. NIA =OAAm2 and the position of minimum energy is 8 
~O. 

Thus, the external work, Wexl .. + /:lV, needed to rotate it 
to the given orientation, is given by 

VI - Vi - (-J1Bcos3 7°) - (-IJ.BcosOO) 

~ (0.4)(0.5)(1-0.8) ~ 0.043 

The external work is positive since the dipole moment is 
rotaled away from alignment with the field. 

10. The loop will start to lift offwhen the magnetic torque equals 
the gravitational torque as shown in Fig. A3-9.27 

The magnetic torque acting on the loop, 1"nt = J..l.B = IttR2 B. 
The gravitational torque exerted on the loop, 't g = mgR. 

(') 

Fig. A3-9.27 

II. Thc magnetic moment of the loop is in the positive z-direetion 
(right hand thumb rule). 
a The magnetic moment of the loop is given by 

P - NIAk ~ (12)(3)(0.40)'k 

= S.76Am 2k 
'h The torque on the current loop is given by 

f "" jixB '" (S .76k) X(0.3i +OAk) 

"" 1.73 Nm) 

c. The potential energy is the negative dot product of 

jiandB: 

V"" -ii ·iJ = -(S.76i)·(0.3i+0.4i) 

= - 2.30 J 

12. The nonnal 10 the loop OP makes an angle 8 ~60° with the +x 
direction, lhe field di rection. Hence, 

f "" NJABsin8 

.. (l)(\4A)(tr X 25 x l0--4 m2) 

(0.03 T)sin60° 

= 2.9x lO-3 Nm 

The right hand rule shows that the loop wi!! rotate about the 
y -axis, so as to decrease the angle labelled 60°. 

13. a. 1" =J1B =ICb2JB , direcledoutofthepage, so thai the loop 
starts 10 rotate, decreasing the tension in cord 2 by an 
amount bT. Bul taking torques about A, obtain L.6T= pB, 

so I'lT = (1Cb2IB)! L, and thus Tl == To = + bT and T2 .. 
To= - .6T. 

h Sincep x B = 0, the tensions arc the same as in the absence 
ofa field. 

14. Torque on the loop must be equal to the gravitational 
torque exerted about an axis tangcnt to the loop. The 
gravitalionallorqu e = mgr, wh ile magnetic torque 

= 1J1 x B I "'pBsin 90o= fCr1lB.Equalinggives 

I=(mg)/[ICr(B; +B;)1I 2] 

Only B. ca uses a torque, so /= (mg ) /(ttrB.). 

15. Torquc is J..l.XB "" /tt,. 2(±k)x B = Itt,.2(±k) x(Bxi + B)'j)] 

= ±trr2 I (Bxl- ni) . The ± arises since current can circulate 

in either direction. 
16. M=Nlab 

M 

B. 0.800 T 

F ig. A3-9.28 
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1'''" MBsin(90+600
) : 

= NlabBsinl50° 
.' 1 :: 

= IOO x l.2x0.4 x O.3xO.8x-
2 

= 5.76 Nm 

Torque will be about negative y-axis. 

.7. 't'mIX = mB = lAB 

= 11tr2B 

= 5xJtX(O.8)2X3xlO-J 

= 375 JtxlO-7 Nm 
~ ~ 

UI1Ul( = +MB, U min = -M·B 

Exerdse 9.4 

1. i. a. Magnetic fie ld due to the upper branch will cancel out that 
due 10 the lower branch and will be zero at centre. 

112 , , , 
-..... -- ---------.---------

112 : 0 

R 

Fig. A3-9.29 

---

b. Magnetic field due 10 the upper branch will cancel out 
Ihe magnetic field due 10 the lower branch. 

(213)1 

Fig. A3-9.30 

It. Magnetic field due to each pair of wire will cancel out. Net 
magnetic field will be zero. 

Iii. 

ii, 
o 

R p 

s ii. 

Fig. A3-9.31 

2. i. 

ii. 

iii. 

Appendix AJ: Solutions to Concept Application Exercises ,1,3 .51 

o 

Fig. AJ-9.32 

Magnetic fie ld due to straight wires = o. 
Magnetic fi eld due to a semicircular wire 

0 1 

B " = &(!...) = ~l(!!...) 
.cmIClfcul... 2R 21r 2R 21r 

_ J.lol 
B~mici rcular - 4R 

The direction can be verified from the right hand rule that 
wil l be downward into the plane of the page. 

, , 
2 : 

1 ----- -- ----U ~------ --- -, , , , 
4 _ __ --,'C-/ 

3 

Flg_ A3-9.33 

Magnetic field due to straight wire 1-2 will be zero as its 
direction is passing Ihrough centre ofthe circular wire. 
Magnetic field due 10 circular part 

BcjrculAr '" .Jiol (!...) 
2r 2Jt 

• ~ol ((312)") 
2r 21r 

_ 3J.lol 
B cin:ulat - - 8- 0 

" Magnetic field duc to semi-infinite wire 3, 4, 

B~II\lighl "" Jio/ @ 
4"R 

Net magnetic field at 0 

Bo '" 3J.lol + J.lol 
8R 41rR 

B '" IJol (~+!)0 
°4R2 n 

o 

Fig. A3-9.34 
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A3.52 Physic~ for IlT-JEE: Electricity and M2gne ti sm 

Magnetic field at a 

80 "" Hcirde + HSlraighl 

1101 Pol = -0+--0 
2R 2nR 

B= - 1+- 0 POI( 1) 
2R n 

iv. 

~v. 
/ ' 90·'" . . 

Fig. A3-9.35 

The magnetic field due to straight wires will be zero. 
Magnetic field due to circular part 

B - Pol ( 9)_ Pol ((3I2)n) 
ci!l;u]ar - 2R 2n - 2R ~ 

'" 3PoI0 
8R 

Magnetic field at the centre of an arc is given by 

y 
A i, }--x , 

:0 .-
c>. , '. 

0 
Z 

Fig. A3-9.36 

B= Pol x.!. 
1 2R 2n 

Magnetic field due to the smaller are, 

. H] '" 110/ ] x.!.(-k) 
2r 2n 

Magnetic field due to the larger arc, 

B- - 11012 (2n-8)( k') ,- --x + 
2r 2n 

Resultant magnetic field 

= [_POI]8 +poI2(2n-8) ](k) (i) 
4nr . 4nr 

Two arcs fonn a parallel combination of resistors. 
Thus IIR ] = I2R2, where RI. and R2 are resistances of 
respective segments. As the wire is unifonn, 

!L ~ = -;;;;:;:::R9---;;; 
R, L, R(2n 9) 

Thus, !L = c;c-cc9-:;:- I = _ 1_,9_ 
12 (2n - e)' 2 2n-8 

On substituting 12 in equation (i), we get 

B = ( 110 1e _ l1oIe)k =0 
R 4nr 4nr 

Hence the field is independent of 8. 

v. BR=(110I +1101+ 110/ ){_k) 
4nR 4R 4nR 

= flol (.!.. + .!. )k 
2R n 2 

vi. Magnetic field at the centre of an arc is given by 

y 
A . 

" }--x 
z 

Fig. 9.37 

'-. _ 1101 8 
B= - x-

2R 2n 
Magnetic fie ld due to a smaller are, 

BI = POl] x.!.{-k) 
2r 2n 

Magnetic fie ld due to a larger are, 

S = Pol'x(2n-9)(+k) 
2 21" 2n 

Resultant magnetic field 

= [ Po119 + Pol,(2n-9) ]W (i) 
4nr 4nr 

Two arcs fonn a parallel combination of resistors. 
Thus I]R] = 12R2' where R] and R2 are resistances or 
respective segments . 
As the wire is unifonn. 

R,_I,_ R9 
R, - L, - R(2n 9) 

Thus, 

On substituting 12 in equation (i), we get 

BR'" (11018 _ 11018)k=0 
4nr 4nr 

Hence the field is independent of q. 

(ii) 

3. It is clear that 'B' at 'C' due all the wires is directed 0 . Also B 
at 'C' duePQ and SR is same. 
Also the magnetic field due to QR and PS is same 
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Brcs= 2(BPQ+Bsp} 

BpQ= floi (sln600+sin600) 
4n.:! 

2 

B = ---.l!L (sin 30° + sin 30°) 
SP fja-

4n--
2 

B = 2 (fj floi +~) = 41101 
r~s 2na 2nafj fjna 

4. The current wi ll be equally divided at A. The fields at the 
centre due to the currents in the wires AB and DC will be 
equal in magnitude and opposite in direction. The resultant 
ofthese two fie lds will be zero. Similarly, the resultant of the 
fields due to the wires AD and BC will be zero. Hence,the, 
net field at the centre will be zero. 

5. i. Let us call B due to (I) and (2) as Bl and B2 , respectively. 

At A, Bl is 0 and B2 is ® 

At C, B] is ® and B2 is also 0 

B =B+B=l1021+Jlol =6/101 
ros I 2 a a 2na 

= 3flol ® 
na 

2n - 2n -
2 2 

At D, Bl is ® and B2 is 0 and both are equal in magnitude. 

.. Bre,= 0 
ii. It is clear from the above solution that B = 0 at point 'D'. 

6. Let magnetic field due to WI be Bl and that due to W2 be B2. 

By symmetry, 

~ol /101 
B =2Bcos60o=B = -- ~ -

p 2n2a 4na 

y 

60· 60° 

Fig. A3~9.38 

Append-ix A3: Solutions to Concept. Application Exercises A3.53 

Now, 

.J3a .J3 
tan8=-~ -

2a 2 

B = (Bl cos8j)+(B2- B] sin8)i 

e 

Fig. A3~9.39 

sin 8= J~ -.. 

, 
= /10

1 J+ [~- ..[j/10
1 )J 

5na 2nfja IOn a 

2· 
cos 8=-
. -Is 

7. To find 'B' at 'P' the sheet can be considcred as collection of 
large number of infinitely long wires. Take a long wire 
distance 'x' from 'P' and of width 'dx'. Due to this the 
magnetic field at 'P' is 'dB' 

Fig. A3~9.40 

~O (idxl 
dB= W 0 

2nx 

f 

due to each such wire will be directed inwards 

B,cs = J dB = /10
1 

2nw 

a+w 
= In-

a 

G+W d J 

f x_/1o 
x 2nw ,-" 
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A3.54 Physiu for lIT-JEE: Electricity and Magnetism 

8. As the solenoids are identical, the currcnts in Q and R will be 
the samc and will be half the current in P. The magnetic field 
within a sQicnoid is given by B == )J.o"i. Hence IhC field in r 
will be equal to thc ficld in R and will be half the field in f' . 

Le., I.OT. 
9. Assume PO == x, so PQ = x sin (aI2) 

Magnetic field B at Pdue to either se~mcnt ofwirc is 

B== pol [ l+eos~J 
4nxsin(aI2) 2 

Nct magnetic field at P is 

)J.ol [1 +cos(aI2)] 
21txsin(al2) 

10. From the figure in question, Bo = BAli + Bow + Bm: 

, ( ~"/] , [~ol ~o/J ' Bo = - (-))+ -+- (-I) 
4nR 4R 4nR 

11. CUlTentintheting/= OJq . 2. 

Magnetic field B = pol = PoOJq 
21' 2nx2r 

B = )J.ocoq 
4nl' 

12. Choose a cireular path centred on the conductor's axis and 
apply Ampere's law. 

i. To find the current through thc area enclosed by the path 

Since 

IdA= (Kr2)(2n/'d/') 

)J. KI'3 
B~-"-

4 

ii. If I' > a, then net current through the Amperian loop is 

14. 

Y! , , , , 
2 

: 4 1 

'/:--:R~~ -~, 
z/ 12 ~ 

Fig. A3-9.41 

(li,),~ 4(;d+kJ 
(83)1' = 0 

- )J.oi. - Poi. (B,), ~ ("](-k) =>(B')'~-(a)(-j) 
4 - 4n -
22 , 

, ~o;[ (I I), ( 1)-] Bp = - - -+- ) - 1- - k 
2a 3nn 3 

B' - 2~o;[I ' -J - - -)-k 
I' ~a n 

B = poi ..Jl+n2 
• I' 3na 

P(- 12 m,.S m) 
y 

, 
:Sm , , 

12 m 

Fig. A3-9.42 

90-0 
, 

Unit vector of a /I : 

iin = fcos(90-e)+ jcose 

= sinel +cose j 

12 cose = r";;~~ 
)5' + 12' 

5 

13 

12 

_ 5 _ 12 _ 1 _ _ 
lin = -I +- j = -(51 +12j) 

13 13 13 

15. The magnetic fields at the given points are---.. 

18 
= Dl.. ldl sinO 

( (/ 2 
4n I' 
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_ Po (200 A) (0.0001 00 m) 

- 4n: (0.100m)2 

"" 2.00 X 10-6 T 

dEb'" l!!l.. I dl sin B 
4n: /,2 

_ 1'0 (200 A) (0.000 I 00 m) sill 45" 

- 4n: 2(0.100 m)2 

'" 0.705 x 10-6 T 

dB '" Po I df sin O 
c 4/1" /, 2 

Po (200 A) (0.000 100 m) 

'" 4/£ (0.100 mY 
'" 2.00X 1O~ T 

dB '" 1'0 I dl sin 0 = Po I dl sin (0°) = 0 
'd 4lf,.2 4/1" ,.2 

, b 

d , 
• 

Fig. A3-9.43 

dB '" 1.'!l.. I dl si n 0 
~ 411' /,2 

~o (200 A) (0.00100 m) J2 
- 4. 3(0 .100 m)' .Jj 

'" 0.545 X 10-6 T 

16. The contributions from thc straight scgments is zero since 

(iixi=O 

The magnetic fie ld from the curved wirc is just one quarter of 
a full loop: 

B- ~ (po/) 
4 2R • 

and is out o f the page. 
17. At the centre of the circular loop the currellt 12 generates a 

magnetic field that is into the pagc. So the current II must 
point to the right. For complete canccllation thc two fields 
must have the same magnitude 

Thus 

110 / 1 '" Po/2 
21fD 2R 

.D 
1 - -I , R' 

18. Let current flowing through coif I be i I and that through coil 
2 be ;~. 

Appendix A3: Solutions to Concept Application E~e rcises A3.55 

y 

Coll I 

B 

;, )",,,+,0_+ _ _ X 

CoIJ2 

Fig. A3-9.44 

Radius of each coil "'R. Hencc, magnetic field at 0 due to coil 
I is 

- Jlri. ~ 
B" - , , 2R 

and magnet ic ficl d at 0 duc to coil 2 is 

- _ 110;2 ' B, - -- j 
2R 

Therefore. net magnetic fi eld jj '" 8. + ih 

=> B •. 110i l i + l1oi2 J 
2R 2R 

=> IBI '" 1!E..J(i2 +ii) 
2R ' 

19. B'><;I"" 4Bcos45"= ~ Pol 
,,2 211"1' 

2Trfi x I O- I m 

5J1f1 ~ 
B "-X IOT(-) 
,~ . 

2 <&-----1')- 3 

2B. cos 8 
+ 28:3 cos 8 

y 

~p O.2 m 

O.2m 
}--- - ., 

, 
Fig. A3-9.45 
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Al.56 Physics for IIT.JH: Elt<trkity and Magnetism 

20. Given"jj = 2X IO- J T 

21. 

Now, direction of jj due to the wire is (: in the left halfand 
® in the right half. 

-. 

, 

, 

BnOI = 0 in the left half 

IB~iJ" I B I in the zy plane 

polO = 2x lO-J T 
2~, 

, 
, '}-; ,- 1~A 

)(.)( y , , 

, 

0; " , , 

Fig. A3·9.46 

Thus magnc.tic field is zero at r = I mm to the left of the wire in 
the indicated yZ-phme .... 

IB,I. Jl.ii 
11rd ,~ 

IB I :;Poi 
R 41rd 

At Pand R, the field due to vertical part is zero and the points 
are equidistant from the horizontal wire. Similarly, the points 
Sand Q are equidistant from the vertical wire and fie ld due 

. to horizontal wire is zero. 

Hence 

s, 

8, YL, , 

, , 
2 

R 

Fig. A3·9.47 

Lot 
R ,'0 -- and¢=90 -e 

2cose 

B rt:l =. P~ cosecos(90 - 8) 
~ -

2 

- 2POI O ' O" B~ - --cos Sill (i) 
~R 

towards right 

23. Magnetic fie ld al point P due to part AD = - magnetic fiele 
due to part BC 

" -
B.w e -Bnc 

BAD+BBC = 0 

o 

, , , 
0;,!B.t , 

il2 A_=--, 
,12 

B 

Fig. A3-9.48 

- p,(iI2) , , 0) 
BAB :; . (smB. +sm 2 G 

41l{a I4) 
, 

poi (a1 2 0 12 ) 
= 21la a151 4 + a15/4 0 

poi a 4 21J.01 • -- x 2x-x --o = - - 0 
21ra 2 a15 ..[s1ra 

BCD -
p,(i 12) (' 0 " 0 )~ sm ) +sm 4 '0' 

41r(3aI4) 

e lJ.o(i/2) x2x~x ----±-® 
31ra ' 2 a..fi 

2IJ.oi 0 = 4J13IJ.o1 ® 
3~lla 39na 

./5 x2p,; .2.J13 'c:.13:.<:p",,1 ~ Enol. = -'-==-o + ---: '0' 
5/fa 3911'a 

- 21J.0 i ( I I)C 
- no ./5 - 3.J13 ' 

24. Let us consider a point P at a distance (x ,y) from the wire I. 
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Hence 

y , , , 
'd , 

CD 0----4'~-_<!.""":__, 
i@ 

!-"d/2;;-, -<,< '-(;:;d--",)'"' 

Fig. A3·9.49 

OS; x '5. d 

- POi", 
B\'" - ) 

2 .. 
The point is at a distance d - x fro m wire 2. 

- Poi ~ 
82 .... - 2tr(d-x)} 

- - - Jloi-, Jioi . 
Bnd = BI + 82 = 21fX) - 21C (d _ xli 

~oi(d - 2x) , 
21t".r ( d - x) } 

25. Magnetic field at Q: 
As any segment of wire is considered as infinite, 

Q P , 

R R 
2 

3 
4 

Fig. A3-9.S0 

- 1101 
BQ '" --0 

2. R 
(The wire segments (2),,(3) and {4} arc considered at large 
distances from P. ) 
Magnetic field at P: 
The magnetic fi e lds due to segments (2) and (3) gel cancelled 
and the field due to segment (4) will be zero. Hence magnet ic 
field at P will be due to semi-infini te segment ( I ). 

Bp = !-lo' C 
... 41CR 

26. Magnetic fie ld at 0 due to w ife I is 

Bi = Poi C 
4.R 

and that due to wire 2 is 

,ZR / ' 0 ;:-.', , , , , , , 
"- ' 

---}Joi 
~ B =B\+B2=-- C 

2d 

2 

Fig. A3-9.S1 

Append;~ A3: Solutions to Concept Application Exerd,e, A3.57 

Magnetic fiel d a t the centre due to circular ,ne subtcnding 
angle e at the centre is given by 

B~~ ~ ~~ (2~)0 
If Bn<:l - O :::) B+Ban: =0 

B = - BtJlI! 
u,i ~'i( 8 ) 
~1tR.0C -2i 2/f 0 

I 8 Poi _ J1oi( 0) -- - -- =}- =-

2nR 2R 2n H 2 H 

0= 2 rad 
27. Suppose wire carries current [I and in the same direction as 

that of the pipe. 

Magnetic field at the CCfll rcof thepipe = - Jlo'l J = poi, (-J) 
6lCil 6/fR 

, , , 
~ p+ 
, . 
,. " 
, Wire " 

: 

, , . , , ' , 
~~-. R " R' " R ' 

'-----

FIg. A3-9.S2 

Magnetic fi eld at point P: 

Po io ~ j _ POit j "" (J10iO _ Poil ·l ' 
2n(2 R) 21t1? 41tR 2nR j 

"Now magn itudes are equal: 

"P(fI = JlrlQ _M :::) i ,.3io 
6nR 41tR 21tR J 8 

28. For magnetic fiel d to be zero at P, 

ii'~ o P 
~~ ---ii -.& 8

2 
83 ,':0 \, , , , , , , " , ' , , ' 

" :y \ / ' 

/ : \, 
, B ' a ' 0- ------, ---. -----, --'-0 

1 2 3 

Fig. A3-9.S3 

y = ±a 
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A3.58 Physics for lIT-lEE: Eltctricit~ and Magnetism 

29, 

30. B ~ 110 i (sin 9. + sin ~) 
4. d 

Here, 

d=rsin4S0 90' 

45' 

45° 90' 
45' 

d:rsin4S0 

45' 

Fig. A3·9.S4 

r 
d = rsin45°"'-. .fi 

32. When the coils are connected in parallel, the ratio of currents 
flowing in these coils will be equal to reciprocal ofthc ratio of 
their resistances. 

33 , 

i = R2 "" p«(2IA ) 
i2 . Rl p(e./A) 

made of similar wires) 

(as both the coi ls arc 

!2 '" 21rli '" r2 

" 
. B] _ (l1oil)/21', 
.' 8

2 
- {jJ.oi1) /2Ii 

Case I: 

,. 

~ [J101 [0 + sin 45°] + J1.o1 [sin 45~ 
41t{ 4tre 

+5in450] + 110
1 

[o+sin45°1]® 
4.1 

Fig. A3-9.S5 

2l 
CaseIl: - 21Cr = 4( =>r=-

• 
Magnetic field at the centre o f semicircle, 

B .. "" J.lol = )loIn 
$C""~In;k: 41' 8f 

Bl J1. o1 se 4.fi 
_ ~ _ _ x _ _ ~ __ 
82 ,fine }.loIn n2 

34. Equivalent current in the belt = sv (current per unit width) 

p 
~-- ----- .. ---------, , , , , ..... ' .......... : .... . 
I : , , 
'------ ---- --- --- -- -, 

Fig. A3-9.56 

Linear current density of belt is) = sv 
Using Ampere's law we ean calculate magnetic field near the 
belt as 

B = Poi = JlQSv 
2 2 

35. The magnetic fi eld due to 8, < 85 wi ll be 

Fig. A3-9.S7 

pol ~ pol 1 ~ 
= 1+2--, 

21rr 2lfr J2 
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-+ /.l i 120" /.l i" 36. Magnetic field due to circular loop, BI =_o _ __ (k) =-"-k. 
2a 360 6a 

37. 

Due to straight wire, 

-) /.l i2 " 
B2 = -o-x2sin60(-k) 

4.a 

----} .fj /.loi A /.loi A 

Bnet = --(-k)+-(k) 
2 na 6a 

~ Poi i", --"'-(-k)) 
2na 1 3 

a. At the point exactly midway between the wires, the two 
magnetic fields are in opposite di rections and cancel. 

b .. At,a distance a above the top wire, the magnetic fields are 
in the same direction and add up: 

- /.lo/. )401 . /.lo/. )10 / • 
B ~ -k+-'-k~-k+--k 

'2mi 2nr2 2na ' 2n(3a) 

= 2flol k 
3.a 

c. At a distance a below the Iqwer wire, magnitude of
magnetic field is same as par«b) but is in the opposite 
direction: 

B=_2)10/f 
3.a 

38. The tot~l magnetic field is the v~ctor sum of the constant 
magnetic field and the wire's magnetic field. 
a. At (0, 0, 1m): 

h. At (1 m, 0, 0): 

- - 110/ • 
B = 80--i 

2n/' 

= (1,50 X lO:6 T)1_110(~.00A)1 
2n(l.00 m) 

B ~ ~05::~:i: i + {lo(8.DD Alk 
",, ', ' ; , -" 2n~0 m)' , 

B = (l ~50 'X1O-6T)J ,(' ! .6x i'0~" T)k 
= 2.19X10-6 T 

at (} = 46.8~ from x to z. 
'\ 

Appendix A3: $olU,tions to Concept Application Exercises A3.59 

c. At (0, 0, - 0.25 m): 

- - Po!. 
B"" 80+-i 

2" 

= (1.50 X 10-6 T)J + /.lo(S.OO A) I 
" 2n(0.25 in) 

= (7.9 X 10-6 T)J 

39. There is no contribution from the straight wires, and now we 
have two oppositely oriented contributions from the two 
semicircles: 

B~ (8, -B,)~"- (polII, -1,1. 
2 2R 

into the page. Note that if the 'two currents are equal, ~he 
magnetic field goes to zero at the centre of the loop. 

40. The forces on the top and bottom segmellts cancel, leaving 
the left and right sides: 

B~ B -Bb ~ "-(l'oIl("--~l ' 
a 2 2 a b 

8 = 110
1 (1- ~l ,out of the page.', 

4a b 

41. For LI, oj> jj·de = flo(J1 - 12), Here I I is taken positive 

be~ause magnetic lines of force produced by It is' anti

loekwise as seen from top. 12 produces lines of jj in 

clockwisc sense as seen from top. The sense of de is 
antic!ockwise as seen from top. 

For L 2: oj> B·de= flO(JI-/2 +/4) 

For L3: oj> B·df"" 0 

42. a. 1's. dl = l10Icncl = 3.83 X 10-4 Tm 

lend = 305 A 

b. -3.83 x 10-4 since de points opposite to B everywhere. 

43. Consider a coaxial cable where the currents run in opposite 
directions. 

a. For a<r<b,/cnd""I 

b. For r > c, the enclosed current is zero, so the magnetic 
field is also zero. 

44. a. Below the sheet, all the magnetic field contributions from 
different wires add up to produce a magnetic field that 
points ,in the positive x-direction, (Components in the z
dintction canceL) Using Ampcre's law, where we use the 
fact ~hat the field is antisymmetrieal above and below the 
current sheet, and that the legs of the path perpendicular 
provide nothing to the integraL So, at a distance beneath 
the sheet the magnetic field is 
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A3.50 Physic; for IIT·JH: E(ectricity and Magnetism 
• 

f]= POll! 
2 ' 

in the positive x-direction. (No(e Ihal there is no depe
ndence on a.) 

• 

[j) 
• 

1(0) 

B 

[ oj (0) (0) (0) (0)1 

L B 

Fig. A3-9.S8 

h The field has the same magnitude above the sheet, but 
points in the negativex-d irection. 
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IIT-JEE 2010 Solved Paper 

Physics 

·" ·~'~l·'f.""; ~~"'.(X"'\" """.",~",)"v,,/-;..tl.rW"""'+:'::nrl:i>"'l') ""'''''' ,.,.-:/ 

, '. \ , ~. ','c' .~~J1f;.;~~~.?_~J,~'jj!;1~r!~.'~aper 1 .. '<" : :.~,·.~. 
, ~ <~ • . ,i:.":'i~,,,",_~ .' ,.j..,."""", •.. .,.;;..t.~ •. "'.x 

Objective Type 

Multiple choice questions with one correct answer 

1. Incandescent bulbs are designed by keeping in mind 
that the resistance of their filament increases with the 
increase in temperature. If at room temperature, 100 
W, 60 Wand 40 W bulbs have filament resistances 
R,oo' R6f) and R

40
, respectively, the relation between 

these resistances is 

c. R >R >R 
100 60 40 

Sol. d. 

Power a; lIR 

2. To verify Ohm's law, a student is provided with a test 
resistor R-p a high resistance R

1
, a small resistance R

2
, 

two identical galvanometers G
1 

and G
2

, and a variable 
voltage source V. The correct circuit to carry out the 
experiment is 

•• 

v 

b. 

R, 

v 

e. 

v 

d. 

Sol. c. 

G is acting as voltmeter and G is acting as ammeter. , , . 
3. An AC voltage source of variable angular frequency 

(fJ and fixed amplitude Vo is connected in series with 
a capacitance C and an e lectric bulb of resistance R 
(inductance zero). When (fJ is increased 
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I A.4 1 ruT-fEE 2010 Solved Paper 

•• . the bulb glows dimmer 

b. the bulb glows brighter 

c. total impedance of the circuit is unchanged 

d. total impedance of the circuit incrcases 

Sol. b. 

4. 

Impedance Z = ~_I_, +R' 
(wq 

as w increases. Z decreases. 

Hence, bulb will glow brighter. 

A thin flexible wire of length L is connected to two 
adjacent fixed points and carries a current J in the 
clockwise direction, as shown in the figure. When the 
system is put in a unifonn magnetic field of strength 
8 going into the plane of the paper, the wire takes the 
shape ofa circle. The tension in the wire is 

8. lBL 
IBL 

c. m 

xxxxxxxx 

b IBL 

d
· lilL 
. 4n 

Sol. c. 

2Tsin 1 = BiRdO 

Td 

(J = BiRdO (for o small) 

T = BiR = l!}}; 

T cos (d8n) T cos (dOn) '11 ' T / \'T 
\ 2~in (dOn ) -... -.-

5. A block of mass m is on lin inclined plane of angle O. 
The coefficient of friction between the block and the 
plane is J1 and tan 8 > Jl. The block is held stationary 
by applying a foree P parallel to the plane. The 
direction of force pointing up the plane is taken to be 
positive. As P 'is varied from PI = mg(sinO - JlcosIJ) to 
P

2 
= mg(sin8 + J1 cos8), the fictional force/ versus P 

graph will look like 

•• f 

P, 
P, P 

b. f 

P, 

c. 
f 

P, 

I 
d. f 

P, P, 

P 

Sol. Il. 

Initially, the frict ional force is upwards as P increases 
frictional force decreases. 

6. A thin uniform annular disc (as shown in the figure) of 
tnHSS M has outer radius 4R and inner radius 3R. The 
work required to lake a ullit mass from point P on its 
axis to infinity is ' 

•. 2fRM(4.fi - 5) 

GM 
c. 4R 

Sol. 11. 

" 
V= - f 

b. - 2fRM(4.fi - 5) 

d. 2fRM(.fi - I ) 

7. COllsider a thin square sheet of side L and thickness 
t, made of a material of n:sistivity p. The resistance 
between two opposite faces, shown by the shaded 
areas in the figure is 

a. directly proportional to L 

b. directly proportional to t 

c. independent of L 

d. independent of t 

Sol. c. 
We see that R = 'f,. 

8. A real gas behaves like an ideal gas if its 
a. pressure and temperature are both high 
b. pressure and temperature are both low 
c. pressure is high and temperature is low 
d. pressure is low and temperature is high 

Sol. d. Sclf-explaintory 
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Multiple choice questions with one or more than one 

correct answers 

9. A point mass of I kg collides elastically with a station
ary point mass of 5 kg, After thcir collision, the I kg 
mass reverses its direction and moves with a speed of 
2 ms- I, Which of the following statement(s) is (are) 
correct for the systerr. of these two masses? 

a. Total momentum ofthl! systcm is 3 kg ms- I 

b. Momentum of 5 kg mass after collision is 4 kg ms- I 

c. Kinetic energy of the centre of mass is 0.75 1 

d. Total kinelic energy of the system is 41 

Sol. a, c. 

10. 

Ikg 5kg 2m1s 5kg 

~ 
before collision after collision 

By conservation oflinear momentum 

u='5v-2 (i) 

By Newton's experimental law of collision 

u =v+2 (ii) 

Using Eqs. (i) and (ii), we have 

v= I m/sandl/ = 3 m/s 

Kinetic energy of the centre of mass = -2
1 m v2 

"ysle'" en' 
= 0,751, 

One mole of an ideal gas in initial state A undergoes 
a eyclic process ABeA, as shown in the figure. Its 
pressure a: A is Po' Choose thc correct option(s) from 
the foHowmg: 

a. Internal energies at A and B are the same 

b. Work donc by the gas in process AB is Po Vo In4 

c. Pressure at C is P/4 

d. Temperature at Cis T/4 

Sol. a, b. 

It is found that process AB is isothennal process. 

II. A student uscs a simple pendulum of exacily I m 
length to dctcnnine g, the acceleration due to gravity. 

. He uses a stop watch with the least count of I sec for 
this and records 40 seconds for 20 oscillations. For 
this observation, which of the following statement(s) 
is (are) true? 

a. Error!:J.T in measuring T, the time period, is 0.05 
seconds 

b. Error!:J. T in measuring T, the time period, is 
second 

c. Percentage error in the determination of g is 5% 

d. Percentage error in the detennination of g is 2.5% 

Sol. a, c. 

!:J.T = !:J.l _ --.L 
T I - 40 

!:J.T = 0.05 sec 

4n2Ln2 

g=-;-

~ = 2~t 
% Error = 2~1 x 100 = 5% 

12. A few electric fie ld lines for a system of two charges 
Qland Q

2 
fixed at two different points on Ihex-axis are 

shown in the figure. These lines suggest that 

a. IQI I > IQ21 

b. IQ, I < IQ,I 
c. ~t a finite distance 10 the left of QI' the electric field 

IS zero 

d. at a finite distance to the right of Q2' the electric 
field is zero 

Sol. a, d. 

Number of electric field lines of forces emerging from 

QI are larger than tenninating at Q2' 

13. A ray OP of monochromatic light is incident on the 
face AB of prism ABeD near vertex B at an incident 
angle of 60°. If the refractive index of the material of 
the prism is ....f3 , which of the following is (are) cor
rect'? 

a. The ray gets totally internally reflected at face CD 

b. The ray comes out through face AD 

c. The angle between the incident ray and the 
emergent ray is 90° 

d. The angle between the incident ray and the 
emergent ray is 120° 

Sol. a, b, c. 

Using Snell's law, we get 
. -I I . -I I 

SlIl ....f3 "sm ..J2 
Net deviation is 90° 

Li"ked comprehension type 

Problems 14-15: 

Electrical resistance of certain materials, known as 
superconductors, changes abruptly from a nonzero 
value to zero as their temperature is lowered below a 
critical temperature T (0). An interesting prop6rty of 
superconductors is that "their critical temperature becomes 
smaller than T(O) if they are placed in a magnetic field, i.e., 

" 

, 
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l!:!I fitt,JEE"iOJ 0 SalYed.Paper 

the critical temperature T (B) is a function of the magnetic , 
field strength B. The dependence of T (B) on B is shown in , 
the figure. 

14. In the graphs below, thercsistanceR ofa superconductor 
is shown as a function of ils temperature T for two 
different magnetic fields B. (soEd line). and B2 (dashed 
line). If B

2
is larger than 8

1 
which of the following graphs 

shows the correct variation of R with T in these fields? 

•• 1£ o . l' 

b. R 

B, 

o T 

d. C. 
R R 

B, B, 

T 
o T o 

Sol. a. 

Larger the magnetic field, smaller the critica l 

temperature. 

15. Asupereonduetorhas TC (0) "" Joo K. When a magnetic 
field of7.5 T is applied, its Tf, decreases to 75 K. For 
this material, one can definil~ y say Ihal when 

a. B=5T,Tc (B):80K 

b. B::=5 T,75 K <Tc (B) < lOOK 

c. B """ lOT, 75 K < Tc < 100 K 

d. B=IOT,Tc = 70K 

Sol. b. Self-explainatory 

Problems 16--18: 

When a particle of mass m moves on Ihex-axis in a potential 
of the form V(x) = Jo? it performs simple hannonic motion. 
The corresponding time period is proportional to 6Il1Ilk, as 
·ean be seen easily using dime ns ional analysis. However, the 
motion of a particle can be periodic even when its potential 
energy increases on both sides of x = 0 in a way different 
from IcC and its total energy is such that the particle docs 
not escape to infinity. Consider a particle of mass m moving 
on the x-axis. Its potential energy is V(x) '" ai (a> 0) for ~I 
near the origin and becomes a constant equal to Vo for ~I > 
Xo (sec figure). 

V<>, 

I Y, 

..•••..•• •••••••• •••••••• , ••••• ll> , < .. ...................... .. 
x, 

16. If the total energy of the particle is E, it will perform 
periodic motion only if . 

a.E<O b.E > O 

c. Vo>E>O 

Sol. c. 

Energy must be less Ihan Vo' 

17. For periodic motion of small a mplitude A, the time 
period T of this particle is proportional to 

a. A.J¥} 

c. A~ 
Sol. b. 

(aj; ML - 2r 2 

b. ~-JW 
I.ra 

d. /f'fm 

Only option (b) has dimension oflimc. Altcrnati vely, 

~m(~r + kx4 = kA4 

, 
4·illff dx = f dr ; T 
~2k ~A4 _ X4 , 

, 
4· I1!f.i f dll c T rnA ~ , 
Substituting, we gct x = All. 

18. The acceleration of this particle for ~I > Xo is 

a. proportional to Vo b. proportional to VimXo 

c. proportional to ~ Vi mXo d. zero 

Sol. d. 

As potentia l energy is constant for ~I > Xo' the force 
on the particle is zero. Hence, acce leration is zero. 

Integer type , 

This section contains ten questions. The answer to each 
question is a single-digit integer ranging from 0 to 9. The 
correct digit below the question number in the ORS is to 
be bubbled. 

19. Gravitat ional accelenJ.tion on the surface of a planet 
is ..f6/ l1g, where g is thc gravitational acceleration 
on the surface of the ellrth. The avcrage mass density 
of the planet is 2/3 times that of the earth. If the es
capc speed on the surfuce of the earth is taken to be II 
kms- I

, the escape speed on the surface of the planet in 
ktns- I will bc __ _ 
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.', . 

- -~ 
• I ' 

Sol. (3) 

~ = 'if;~ =~ 
R' 3-<6 

Hence'R=n 

v' esc cc ~RI2p' = .L 
II esc R2p 11 

r, . ' :, 'k 

,i v' =3 kmls 
~ 

20. A piece of iCe (heat capacity - 2100 J kg -I oC- 1 and 
latent heat - 3.36 x 105 J kg-I) of mass m grams is 
at -SoC at atmospheric pressure. IUs given 420 J of 
heat so that the ice slans melting. Fin.~ny, when the 
ice-water mixture is in equilibrium, it is found that 1 
g of ice has melted. Assuming there is no other heat 
exchange in the process, the value of m is ___ . 

Sol. (8) 
420"" (m x 2100 x 5 + I x 3.36 'x lOs ) x 10-3 

where In is in gm. 
• t " . 

21. A stationary source is emitting sound at a fixed 
, "' frequency/" which is reflected by two cars approaching 

":' :' the sOurCe.oThe difference 'between the frequencies of 
sound reflected from the cars is 1.2% orlo. What is the 
difference in -the speeds of the cars (in km per hour) to 

f the rnearest integer ?"Thc .cars are moving. at constant 
::, speeds much sl1,1a.l/er than th~ sHeyd,pf.sound which is 

330ms- l
. 

". 
Sol. (7) . . , ' c +v 

I"f!f'=foc -v 
" 

.' 
2foc 

df= 2dv 
(c - v) 

where c is speed of sound 

df=~J, 
Hence, dv = 7 kmlhr. 

22. The focal length of a thin biconvex lens is 20 cm. 
When an object is moved from a distance of 25 em 
in front of it to 50 em, the magnification of its image 
changes from in2S to m50. The ratio mjm5Q is __ ,_ , 

Sol. (6) 

m=-L 
I +.u 

23. An a· particle and a proton are a~cel,emted from rest 
by a potential difference of 100 V. After this, their de 
Broglie wavelengths are' ..t ana A' respectively. The ra-
tio )'/Ao' to the nearest int~ger, i~ ___ . 

Sol. (3) 

!mJ=qv 

). :; :v 
,1--18 - 3 

24. When two identical batteries of internal resistance 
I Q each are connected in series across a resistor R, 
the rate of heat produced in R is J .. 'Yhen the same 
battcries are connected in parallel across R, the ralr! is 
J

2
• If J

1 
= 2.25 J

2
, then the value of R' jp Q is _ __ I , 

Sol. (4) / 

.. ' 

J .; (- 2IL )' R 
.1 R + 2 

J1 :; {R /1/2)R since'Jp2 ~ ,2 .. 25 

R-Hl 
25. Two spherical bodies A (radius 6 em ) and B (radius 

18 cm) are at temperature T} and T
2

, respectively. The 
maximum intensity in the emission spectrum of A is 
at 500 nm and in that of B is a l 1500 om. Considering 
them to be black bodies, what will be the ratio of the 
rate of total energy radiated by A to that of B? 

Sol. (9) 

1 T - constant 
m 

, , 
A,l. -lBTB 
Rate of total energy radiated a: AT' 

26. When two progr~ive waves Y
1 

:=; 4 sin(2x - 6t) and 

~2 '" 3sin (2x - 6f - I) are supcrimposed, the ampli-

' tude of the resultant wavc is_, _'_ . i , 

Sol. (5) 

Two wav~ have phase difference 1112. 

• 
27. A 0. 1 kg mass is suspended from a wire of negligible 

mass, The lengthofthe wire is I m and itscross·scctional 
area is 4.9 x 10-7 m2

• If the mass is pulled a little in the 
vertically downward direction and released, it perfonns 
simple harmonic motion of angular frequency 140 rad 
S- I. IftheYoung's modulus of the material of the wire 
is tI x 109 Nm-2

, the value of n is __ , 

Sol. (4) 

(J) .. ~YA 
, mL ", 
28. A binary star consists of two stars A (mass 22M) and 

:B (!'nass 11M), where M is the mass'ofthe sun: They 
are scparatelby distanee~ d and are rotating .about their 

. centre of mass, which is stationary. The ratio ofthc total 
. angular momentum of the binary star to the angular 
momentum of star B about the centre of mass ;s __ _ 

Sol. (6) 

, 
1 
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Objective Type 
Mul';ple choice questions with one correct answer 

I. A block of mass 2 kg is free to,move along the x-axis. 
It is at rest and from t '" 0 onwards it is subj ected to a 
time-dependent force F(/) in the x dircctiqn. The force 
F(,) varies with t as shown in the figure. The kinetic 
energy of the block after 4.5 seconds is 

a. 4.50 J 

c. 5.06 J 

Sol. c. 

F(I} 

.N 

o 3. 

4.5$ 

b. 7.50 J 

d. 14.06 J 

A~ea under F-t curve - 4.5 kg-mlsec 

K.E. ~ t(2) (4i5 )' - 5.06 J 

2. A uniformly charged thin spherical shell of radius R 
carries unifonn surface charge density of (1 per unit 
area. It is made of two hemispherical shells, held to
gether by pressing them with force F. F is proportional 
to 

F F 

Sol. B. 

Pressure '" t and force '" f: x nR2 

'. . 
3. A tiny spherical oil drop carrying a net charge q is bal-

anced in still air with a vertical unifonn electric field of 
strength(Slnn) x 10sYrn- I

, When,thefieldisswitched 
. off, the drop is observed tofall with tenninal velocity 2 

x 10-) ms- I• Given f'" 9.S ms-2, viscosity of the air 
=' I.S x 10-5 Ns m- and the density. of oil'" 900 kg 
m-J

, the magnitude of q is 

a. 1.6 X 10-19 C b. 3.2 X 10- 19 C 

c. 4.8 x 10-19 C d. 'S.O X 10- 19 C 

So). .d. 

~R)pg = qE = 6pflRvT 

:.q-S.O x 1O- 19 C 

4. A vernier callipers has I mm ma rks on the main ·scale. 
It has 20 equal divisions on the vernier scale which 
match with 16 main scale divisions. For this vernier 
callipers,· the least COllnt is 

a. ·0,02 mm ~ b. ·0.05 mm 

c. O..J mm 

So). ,d. 

L.Co "" 1 M.S.!D - 1·V.S.D 

(t - m M.8.D 

(I - ~ )(l.mm) ,": ,0.2 mm 

d. 0.2 mm 

S. A biconve;\ lens of focal1ength 15 cm is in front of a 
.plane -mirror. The distance between the lens and the 
.mirror is 10 cm. A small.object is kept at a .distance of 
30 cm from the lens. The final image is 

a. virtual and at a distance of 16 em from the·mirror 

b • . real and at a dislancd of 16 em from the mirror 

c. virtual and at a distance of 20 em from the mirror 

d. real and at a distance of 20 cm from the mirror 

Sol. b. 

o 'I 
I 
k-- .. -----
6~m IO~m 

6. A hollow pipe oflenglh O.S m is closed at one end. At 

its open end a 0.5 m long unifonn string is vibrating 

in its second hannonic and it resonates with the 

fundamental frequency of the pipe. If the tension in 

the wire is 50 ~ and the speed of sound is 320 ms- I, . '. 

the mass of the ~I~iflg is 

a.5 g b.10g 

c. 20 g d. 40 g 

Sol. b. 

v 2·/I , ~il 
4Lp '" Zis 
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Integer type 

This section contains Ove questions. The answer to each 

question' Is a single-digit Integer, ranging from 0 to 9. 

The correct digit below the question number in the ORS 

Is to be bubbled. 

7. A large glass slab Vt = 5/3) of thickness ~ ~m is placed 
over a point source of light on Ii. plane surface~ 'It is 
seen! that -light emerges 'out 'of the top surface, of the 
Shlb from a' circular area of radius R cm. What is the 
value of R? 

Sol~, (6)j 

sin (J = 3/5 
o 

:.R.= 6'cm 

, 

'om 
, 
" , 

S: . lma'ge of ,an object ' approa~hing a convex mirror 

of radius of curvature 20 m' along ils optical axis is 

observed to moxe from 25/3 m to 50/7 m in 30 seconds. 
What is·the speed 'ofthe object in km per hour? 

Sol; (3) 
50' Forv =-7 m u =-25m , ' , 

10. A diatomic ideal gas is compressed adiabatically to 
1/32 of its, initial volume. lfthe initial temperature of 
the gas is 1',(in kelvin) and the fi~al temperature is aT., , , ' 
the value of a is ___ , 

Sol. (8) 

Tvr- I = constant 

TV7l5
-

1 
= ar(3

v
2)"H 

:.a=4. 

1l. ,' At.time' ( = 0, a battery of 1'0 V is connected across 
points A and B in the given circuit. If the capacitors 
have no charge initially, at what time (in seconds) 
docs the voltage across them becomes 4 volt? [take In 
5 = 1.6, In3= 1.1] 

Sol. (2) 

4 = 10 (I - e-1/4
) 

:.t=2sec 

Linked comprehe!'s;on type 

Problems 12-14: 
25 

v2 ="3 m, u2 = -50 m When liquid medicine of density p is to be put in the eye, 
Speed of object = ~g ,x ~ 8 = 3 kmph. . it is done with t~e help of a dropper. As the bulb on t?e top 

9;' To determine the half~1ife of a' radioactive element a of the dropper IS pressed, a drop forms at the opemng of 

[ 
dN(t) I dN(t) the dropper. We wish to estimate the size of the drop. We 

student plots a' graph of In dI versus-to Here~ first assume that the drop fonned at the opening is spherical 
is the rate of radioactive decay at time t. If the number because that requires a minimum increase in .its surface 
of. radioactive nuclei onhis element- decreases by a energy. To determine the size, we calculate the net vertical I 

factor ofp' after 4.16 years; the value ofp is __ , force due to the surface tension Twhen the radius of the drop 

6 --- -- r---- r----'--------------- , 
I 1 I I 
1 I I I I 1 5 ----~-----r----T---- '-----r --- -T 
I I 1 1 1 1 

1 I 1 1 I ___ ' __ I.. _ _ _ _ ___ .. ___ _ -1 _____ 1- ____ .. 

I I 1 I 1 1 
I I 1 1 1 

-----r----+---- l ---- I ---- ~ ---- l 
hl[d~:t)14 

3 
1 I 1 I 1 
I I I , I 1 1 

2 ----~ ... ----9---- ' ---- -r-- --r-- -- ' 
1 1 I 1 I I 
1 I 1 I I I 

II -~~_7--~--~--~~ 
2 3 ' 45678 

y~" 

Sol, (8) 

N=N e-At o 
InldN/d/l ~ In(N;) -.II 

From graph; ..1."= t per year 

0,693 
' in. = 172" 1.386 year 

4: 16 yrs = 3/
1
n. 

:,p~ 8 

is R. When the force becomes smaller than the weight of the 
drop, the drop gets detached from the dropper. 

12. If the radius of the' opening of the dropper is r, the 
vertical force due to the surface tension on the drop of 
radius R (assuming r 4; R) is __ , 

a. 'btrT b. 'btRT 

brh c. -R-

Sol. c. 

Surface tension force = 'btrTj = 'bttT 

B. Ifr = 5 x 1O-4m,p = I03kgm- l , g'" 1Om/s2
, T= O.11 

Nm -I, the radius of the' drop when it detaches from the 
dropper is approximately ___ , 

a. 1.4 x .10-3. m b. 3.3 x 10- 3 m 

c. 2.0 X 10- 3 m 

Sot a. 

'bt;T = mg = 1- 1tR) pg 

d. 4.1 x 1O- 3 m 
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- -- - ~ 

~A. , ~I ~ffJfE~o~iBrs15i'J~'ffi'eap~t~ 
, 

14.1 After the drop detaches, its surface energy is_' _'_ ": : 
la. 1.4'·x, 10-6 J b. 2.7 X 10-6 J ' 

I ~. 5.4' x 10-6 j d~ 8.1 X 10-6 J 

Sol. b. 

:Surface energy = T(4.1tR2) = 2.7, X 10-6 J 

I 
Problems 15-17: 

I 
The key feature of Bohr's theory of spectrum of hydrogen 
atom lis the quantization of angular momentum when an 
electrbn is revolving around a proton. We will extend this 
to a general rotational mot'ion to find quantized rotational 
energypf a diatomic molecul~ a~suming it to be rigid. The 
rule to be applied is Bohr's quantization condition. 

15. ~ diatomic molecule has moment of inertia 1. By 
~ohr's quantization condition its rotational energy in 
the n'h level (n = 0 is not allowed) is __ , 

1. ~, (8~"1) b, k (~:J 
c. n (8;~J 

Sol. d. 

L=~ 

L' ('nh) 1 
,K.E. = 21 =:m 2! 

" "( h") " d, n -,-
8n I 

16. It is found that the excitation frequency from ground to 
the first excited state of rotatidn for the CO molecule is 

. close to 417t x lO ll ~~ . T.hen the m~'ment ofinert~a ,of 
CO molecule about its centre of mass is close to . 

"'(rake h ": :m ~ ib-34 Js) ' - - .-
"I" ' 

a. 2.76 x 10- 46 kR m~ 

h. '1.87 x ' iO-46 kg m2 

c. 4.67 X 10- 41 kg m2 

d. 1.17 x 10-47 kg m2 

Sol. b. 

hv=k.E - kE 
,,- 2 n-l 

1 = 1.87 X 10-46 kg m2 

< •• • • 

<, 

" 
17. In a CO molecule, the distance between C (mass = 12 

, 5 
a.m.u) an~.o (mass = 16 a.m.ll.), where .1 a.m.ll. = J 
X 10-27 kg, is close 10 ___ , 

a. 2.4 x 10- 10 m b. 1.9x .10- 10 In 

c. 1.3 X 10- 10 m 

Sol. c. 

d. 4.4x 10- 11 m 

:·.'d= l.3x to- 10 'm 
'I' . 

" ":1 

Malch the co/urn'; type . , ' . " 
Match the entries in Column I with appropriate options 

in Cohimn II. , . 
18. T~o transparent media of refractive indicesjtj andjt3 

have a solid lens shaped transparent material of re~ 
fractive index jt between them as shown in figures in 
Column II. A ray traversing these media is also shown 
in the figures. In Column I different relationships J,e~ 

t:~::,:~ ,;t;~' , ::'~; . are given.' Match them to the ray 
d II; 

d 
,. 

Sol. a.-Jo p., r.; b.-Jo q., s., t.; C.-Jo p., r., t.; . -Jo q., s. 
19. You are given many resistances, capacitors and 

inductors. These are connected to a vari,able DC 
voltage source (the first two circuits) or anAC voltage 
source of 50 Hz frequency (the next three circuits) in 
different ways as shown in Column II. When a current 
I(steady state for DC ornns for AC) flows through the 
circuit, the corresponding voltage Vj and V

2 
(indicated 

in circuits) are related as shown in Column I. Match 
the two 
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Sol ....... r., s., to; b ..... q., r., s., t.; c ..... p., q.; d ..... q., r., I., t. 
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