Current
Electricity

Day 19

- Electric Current
Outl | N es Electric current is defined as the time rate of flow of electric charge
4 through a cross-section of the conductor.
O Electric Current e :
y If a charge Aq passes through the area in time interval At at uniform rate, then
© Ohm’s Law current 7 is defined as instantaneous value of current is given by
O Electrical Resistance T ey
O Electric Cell "ol At ) ar
 (n—1) . P?tergi‘?l' Difference and Emf SI unit of electric current is Ampere (A).
o. FEHE / ; (i) Conventional direction of flow of current is taken to be the direction of flow
®) Kerh'hOf_f s Laws and their of positive charge or opposite to the direction of flow of negative charge.
Applications

(ii) Electric current is a scalar as it does not follow the vector law of addition.

(iii) If n-particles, each carrying a charge g, pass through a given Cross-section

in time ¢, then current I = %

As an example, 1 A current is equivalent to flow of 6.25x 1018 electron/s
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Current Density

For flow of charge through a cross-section, current density
I at a point is defined as a vector of magnitude equal to
current per unit area around that point and directed in the
direction of flow of positive charge.

, i1
['hus, ! 5

i o
or [=[J.ds

Drift Velocity

Drift velocity is the average uniform velocity acquired by

conduction electrons inside a metallic conductor on

application of an external electric field.
Due to this drift of electrons there is a net transfer of
charge across a cross-section resulting in an electric

current flow

JEE Main Physics s+ 240 Days

The drift velocity is given by the relation
eE e
Vi=— =
¢ m

where, T known

as relaxation time, is the mean value of

time between two successive collisions of an electron with

ions in the conductor.

Drift velocity per unit electric field is called the mobility of

the electrons. Thus, mobility

|l e,

H=

In terms of drift speed, electric current flowing through'a
conductor is expressed as [ = nAevy
where, A = cross-section area of conductor and
n = number of conduction electrons per unit volume
v,; = drift velocity of electrons
e = charge of 1 electron.

Ohm'’'s Law

According to Ohm’s law, physical conditions (temperature, mechanical strain, ete.) remaining unchanged, the
current flowing through a conductor is directly proportional to the potential difference across its ends.

Thus,

I<VorV =IR

where, R is a constant known as the electrical resistance of given conductor.

Electrical Resistance

The obstraction offered by any conductor in the path of
flow of current is called electrical resistance (R). It is equal
to the ratio of the potential difference (V) applied across
the ends of the conductor and the electric current (I)

flowing through it. v

Its unit is Ohm (£2).
In terms of free electron density n and relaxation time , the
resistance of a conductor is given by

.
" nelt A

=

Resistance of Different Materials

Resistance offered by the conductors is minimum while

resistance offered by an insulator is maximum.

Semiconductors have resistance which is intermediate to

conductor and insulator.

V-l Characteristics of Ohmic and Non-ohmic
Conductors

Substances obeying Ohm’s law are called ohmic resistors,
e.g., metals and their alloys. V-I graph for an ohmic resistor
is an inclined straight line.

Substances which do not obey Ohm’s law are called
non-chmic resistors. e.g., electrolytes, gases, thermionit

tubes, transistors, rectifiers, ete., V-I graph for them is
non-linear.

Siereion ok SR



http://www.novapdf.com/
http://www.novapdf.com/

alue of
yn with

aility of

wrough a

t volume

-ohmic

c resistors,
nic resistor

are called
thermionic
or them is

/‘

Electrical Resistivity

The resistivity of the material of a given conductor is defined as the
resistance offered by a piece of that substance having unit length and
having unit cross-section area.

SI unit of resistivity is @ m and its dimensional formula is
33 A 2

IMLAT A2,

In terms of free electron density n and relaxation time © resistivity

m

ne -t

Resistivity is a characteristic of material, i.e., it doesn't depend upon
dimensions of the material. Although it depends on temperature.

Colour Code for Resistors
The value of resistance used in electric and electronic circuit vary
over a wide range.
Such high resistances used are usually carbon resistances and the

values of such resistances are marked on them according to a colour
code.

Colour | Figure
Black ‘ 0
Brown | |
Red 2
Orange 3
Yellow 4
Green 5
Blue ‘ 6
Violet | 7
Grey 8
White | 9

Decimal multiplier

O

First two Tolerance of
significant resistance

figures
Colour » Tolerance
Gold 5%
Silver 10%
No colour 20%

Day 19 Current Electricity e/3

Series and Parallel Combinations
of Resistors

+ Series Grouping In series grouping of
resistances same current / flows through all the
resistances

Ry R, | Ry
—~WWWWW—— MM AW—

<« V), -« V, Vig—i

I

The potential difference applied across the
combination is distributed across various resistors
in the direct ratio of their resistances,

HES V=V +Vo+V;+...

and Vi iVa Vo =R R e

3 o

Total equivalent resistance in series grouping Is
equal to the sum of individual resistances. Thus
R.=Ri+ Ry, + Ry +...
+ Parallel Grouping In parallel grouping same
potential difference V appears across each

resistance

The current is distributed among various resistors
in the inverse ratio of their resistances. Thus,

I=h+l 415 +...

1 it 1
s, U

and il =——
: R 'R, Ry

2

IS

Equivalent resistance in parallel grouping R,
] £

iven b i 1 i Byt SRR
: LB TR R

/o) 2 3

» If n identical resistances are first connected in series

and then in parallel, the ratio of the equivalent
R n?
resistance -2 = — or Er
| R
» If there are n resistors of different values, then we
can have 2" different possible combinations.

» If a skeleton cube is made with 12 equal
resistances, each having a resistance R, then the net
resistance across (a) the diagonal of cube = 5/6 R
(b) the diagonal of a face =3/4 Rand (¢} along a
side =712 R

|
e
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Temperature Dependence of
Resistance

Resistance and resistivity of metallic conductors increases

with increase in temperature. The relation is written as

R, = R, (1 + 08 + p6*)
and P =Pp (M-Fo0k: 6%
where R, and p, are values of resistance and resistivity at
0°C and R, and p, at 6°C. o and p are two constants whose

value vary from metal to metal.

Electric Energy and Power

The total work done (or energy supplied) by the source of
emf in maintaining the electric current in the circuit for
a given time is called electric energy consumed in the
circuit.
SI unit of electric energy is Joule but another unit is
watt-hour.
The bigger unit of electric energy is kilowatt-hour (kWh). It
is known as Board of Trade Unit (BTU).
The electric energy consumed in kWh is given by

v = V (in volt) x I (in amp) Xt (in hour)

1000

Whenever the electric current is passed through a
conductor, it becomes hot after short time. This indicates
that the electric energy is being converted into heat energy.
This effect is known as heating effect of current or Joule

heating effect.

cal

A I*Rt
H =W = I*Rt joule =

418

The rate at which work is done by the source of emf in

maintaining the effect of current in a circuit is called
electric power of the circuit
IRE=RVI

wherg, V is the potential difference across the conductor, i

is the current flowing through the conductor.

Other expressions for power

P=I°R
2
= PZKR_

SI unit of electric power is Watt.
Another inportant unit is House Power (HP),

1 HP = 746 Watt.

JEE Main Physic

Electric Cell

An electric cell is a

S inJust 40 DayS

h maintains a continuous
in a circuit by a
here are two rods of

device whic
ectric current)

flow of charge (or el
Jectric cell, t

chemical reaction. Inan e
different metals called electrodes.

Types of Electric Cell

There are two basic types of electric cell

1. Primary Cell
A cell is called primary, if it used only for discharge.
The current leaves the cell at the positive (+) terminal
goes through the external circuit and enters the cell at
the negative (-) terminal, Examples of primary cells are
daniell cell, laclanche cell and dry cell.

2. Dry cell
The most popular cell is dry cell. It is a special type of
laclanche cell in which both NH,CI are MnO, are
prepared in the form of a paste. The paste is contained
in a zinc container which is negative electrode. The
internal resistance of a dry cell is very small generally
0.1 Q. Its emf is generally 1.5 V.
n L

C an

MnO5+

NH,OH

3. Secondary Cell

In a secondary cell, the current pass in both directions
Whep current leaves the cell at the positive (+ve)
term}nal and enters the cell at the negative (~ve)
terminal, the cell is discharge. This is called normal
working of the cell. In this case, the chemical is
converted into electrical energy. The most energ};ﬂ
used secondary cell is a lead accumulator comras
ANV

Pb  PbO,
H+
SO

(a) Discharging
(b) Charging

BRI B R i e
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A lead commulator consists of e

lectrodes made of PbO,
and Pb immered is dil. H,S0

. .- Discharging process, the
SOY ions move towards Pb electrode give negative charge
3 i 1t \ ¢ vy
and i 1ons move to the PbO, electrode. given up positive
charge

PbO, +2H » PbO + H,0

The PbO so formed reacts with dil. H,S0, to get PbSO,
and H,O

dil

ie., PbO + H,SO » PbSO, + H,0

Therefore, PbSO, is formed at the both electrodes. In
a current forced from the positive to the
negative inside the cell. The H* jons move towards the

negative electrode and react with the I‘l)S(),f,.
PbSO, +2H RIS )

At the positive electrode, the reactions

charging process,

PbSO, + S0, +2H,0 > PbO, +2H,S0,

Electromotive Force (EMF) of Cell

The potential difference between the two poles of the cell
in an open circuit is called the electromotive force (emf) of
the cell. It is denoted by E. Its S.I. unit is volt (V) or joule
coloumb™ (JC

Internal Resistance

The potential difference across a real source in a circuit is
not equal to the emf of the cell. The reason is that charge
moving through the electrolyte of the cell encounters
resistance. We call this the internal resistance of the
source, denoted by r. As the current moves through r, it
experiences associated drop in potential equal to ir. Thus,
when a current is drawn through a source, the potential
difference between the terminal of the source is
V=E-ir

This can also be shown as below
= r
A@—=—— »——MNV\/L——T——O B
Vi-E+ir=Vy
or Vy=Vy=E~ir
Following three special cases are possible
(i) If the current flows in opposite direction (as in case
of charging of battery), then V = E + ir
(ii) V = E, if the current through the cell is zero.
(iii) V =0, if the cell is short circuited.

Day 19 Current Electricity

This is because current in the circuit

,':,].1 (0 JH =

E—-ir=0

=)
I Short circuited

or

Thus, we can summarise it was follows

= i
—~—— e AWWWW—<

!

V=E-irorV <E .
E r
— [ AAAAA S

/

V=E+irortV >E
E r

W= 90 Tt = (0)

_

=0 is short circuited

S|m

Potential Difference and
Emf of a Cell

Emf of a cell is the terminal potential difference of !

cell when it is in an open circuit, ie., it is not
supplying any current to the external circuit.

However, when it is supplying a current to an i

external resistance, the voltage across the terminals

of cell is called the terminal voltage or terminal
potential difference.

If E be the emf and r the internal resistance of a cell

and a resistance R is joined with it, then current in

the circuit / = i and terminal potential difference
+r

ER
(R+r)
Internal resistance of cell

(el
2 %

Terminal voltage is more than EMF of cell when

cell is charged and it is given by V = E + Ir

V=R= orV=E-Ir

A it~

ooy
Ve
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Combination of Cells in Series and in

A group of cells is called a battery. Two common group

1. Series Grouping
In series grouping if all the cells are joined so as to
supply current in the same direction, then resultant

emf

N

L —1,,*},‘14’14‘;‘%“. +ve E; Ep f3 —ve
However, if one or more l

e 4 2 I8

cells are joined o as to

supply current in reverse direction, then

that/those cells is taken as negative while calculating

emf of

the equivalent emf.

The equivalent internal resistance of cell
Lg=T+% +5+..

If n cells, each of emf E and internal resistance r, are

joined in series, then

) ) A i o] =

E.q=nE and I,q =1z

HEC

‘m' cells are

grouping of n identical cells

» If in series
f of combination

connected with wrong polarity, then net em
, — 2m) E but total internal resistance is still nr.

» In series grouping of cells their emfs are additive or

internal resistances are always

is (r

subtractive whole their

additive

Kirchhoff's Laws and their Applications

reduced to simple series parallel combination. For analysing

Sometimes complex electric circuits cannot be

such circuils Kirchhoff gave two laws,

1. Junction Law

The algebraic sum of the currents flowing into any
¢ junction is zero. Thus, on =0
junction

Sign Convention
Current carrying into the junction is taken as positive

while current going out is taken as negative.

2. Loop Law

The algebraic sum of the poten
closed loop is equal to zero.

AV =0
Thus, Closed loop
=5 SE + Rl =0

sE =— 2RI

or

which are as follows

tial differences in any

parallel %
§ It
' cells are R
ing of |
o parallel Grouping | bri
In parallel grouping if positive terminals of all cells | the
have been joined at 0ne€ point and all negative | 8al
il 1 -1l | In]
terminals at another point, then —=— 1 Tl |
Lq B RSN !
E B
1 | In
a | the
| Mo
£ = |
- Al . | ele
& | tes
Ey | cir
S
I3 \ M
The equivalent emf of the parallel grouping is given by A I
Bl B, By bric
Sl = e
Lgo L SLED
If n cells, each of emf E and internal resistance r, all
joined in parallel, thent Sritis z
n
But B = E
If by
wire

Po

Sign Convention

(i) In a loop when we traverse through a source in the Plote
direction from negative terminal to positive 5 ?Ti
terminal, emf is considered positive. =
And from positive to negative terminal, its is taken
negative.

(if) When we traverse a resistor in the assumed direction
of. current IR is taken as negative and in its reversé
direction, IR is taken as positive. :

l % Kirchhoffs first law is based on conservation of electric -
charge. :
| Here,
» Kirchhoff's second law is based on the conservation of o ;
energy. o
. supp.
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Wheatstone's Bridge

It is a sensitive arrangement to determine
the value of an unknown resistance. The
bridge is said to be balanced if on switching
the keys K; and K, there is no deflection in
galvanometer. It is possible when Vs =%
In balanced condition

REH

@RS
In balanced bridge Q and R can be interchanged without affecting
the balance condition. Similarly, P and S can be interchanged.
Moreover, cell and galvanometer may also be interchanged. If an
electric circuit resembles a balanced Wheatstone bridge, then
resistance of branch BD may be ignored (or removed from the
circuit) as no current is flowing through it.

Meter Bridge

A meter bridge is a practical arrangement to realise Wheatstone’s
bridge.

X
r\ﬁ VAAA
S ‘N\gi

If by sliding the tapping point a null point is obtained on bridge
wire at point B, then in balanced condition

E = £ = ]l — X=R £2~
RO I,

Potentiometer

Potentiometer is an instrument which can be used for different
electric measurements. It is commonly used to find emf of a given
cell and to find internal resistance of a cell.

Rh
: .)__‘AW
*‘l';*,(
A( -------- [----- r_j J ¢ B
G
_i“;__l

Here, AB is a long, uniform resistance wire (length AB may be
ranging from 1 m to 10 m). E, is a battery whose emf is known
supplying a constant current I for flow through the potentiometer

i

mA
N

el i

|
H

wire. If R be the total resistance of potentiometer
wire and L its total length, then potential gradient,
ie., fall in potential per unit length along the
potentiometer will be

k=

=<
=5

__ E.R
T (B R

where, E; = emf of battery,

R, = resistance inserted by means of rheostat Rh.

.................................................

The several applications of potentiometer are given

| below

+ Determination of Emf of a Cell If with a cell of emf
E on sliding the contact point we obtain zero
deflection in galvanometer G when contact point is
at J at a length / from the end where positive
terminal of cells have been joined, then fall in
potential along length / is just balancing the emf of
cell. Thus, we have E = ki

Comparison of Emfs of Two Cells [f with a given
potentiometer arrangement we obtain balancing
lengths /; and /, for cells of emfs E; and E,, then

Sl

Ey Ip

i ¢ Determination of Internal Resistance of a

Cell The arrangement is shown in figure. If the cell £
is in open circuit and balancing length is /;, then

Rh
+}__()__*W
A

A
ol
6 B
e i
R * K,
o

E =K,

But if by inserting key K, circuit of cell is closed, then
potential difference V is balanced by a length /, of
potentiometer, where V = ki,

= Internal resistance of cell
ERV

==

la

,1 —12 R
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Galvanometer

It is a sensitive instrument used to detect and measure very small
ampere.

In a common moving coil galvanometer deflection obtained is directly proportional to th
[ =8

Figure of merit of a galvanometer is defined as the -current which gives one division deflectio
galvanometer.

e current passed, i.e.,

Ammeter

An ammeter is a device used to measure current directly in ampere or its submultiples. An ammeter is always
connected in series with the element, current through which is to be measured.

Ammeter

Resistance of an ammeter is extremely small. For an ideal ammeter its resistance is zero.
A galvanometer may be converted into an ammeter of rating I by connecting a suitable low resistance (known
as shunt S) in parallel with the galvanometer. Value of shunt resistance
G,
[-1

g

where I = maximum safe current (full scale deflection current) which can be passed through galvanometer,

g

I = range of ammeter, G = resistance of galvanometer.

IfI:nIg,then shunt S =

GS

e equivalent resistance of ammeter = ——
The equiva =0

Voltmeter

A voltmeter is a device used to measure potential difference across a circuit element in volts. A voltmeter is
always connected in parallel to the element.

Resistance of a voltmeter is quite high. For an ideal voltmeter its resistance is taken as infinite.

|
|
+ve : G Y Jl —ve I
lg 1 R | g
b o — 4
Voltmeter

A galvanometer may be converted into a voltmeter by connecting a suitable high resistance R in series with

galvanometer.

Vv
Value of series resistance R= T G, where, V =range of voltmeter.

g
alent resistance of voltmeter = G +R.

The equiv

currents even of the order of few micro

n in

Sl

<
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Practice Zone "'

1. Two wires of the same material but of different diameters 7. Figure shows electric field lines in which an electric dipole P

carry the same current /. If the ratio of their diameters is 2:1. is placed as shown. Which of the following statements is
then the corresponding ratio of their mean drift velocities will correct? [NCERT Exemplar]
bDe

@4:1 b)1:1 (G &l=2 (ChSIRSA /
2. There are two concentric spheres of radius a and b /

respectively. If the space between them is filled with

et i SRR
medium of resistivity p, then the resistance of the intergap —GJe—>—o+q
between the two spheres will be ‘\P>

" p PR 1 )
o S LT (o) =l 20 - \
4n (b + a) At \b a \
?C,vﬂ {/’l L 7|n | (d) P (i ]J
b

4m \a®~ b*°) 4n L a (a) The dipole will not experience any force
3. A given resistor has the following colour scheme of the ()l d.lpole W.'” exper}enceaforce lowarasyigat
e 2 - (c) The dipole will experience a force towards left
various strips on it brown, black, green and silver. Its value b : -
B o i (d) The dipole will experience a force upwards
(a) 1.0x 10* £ 10% (b) 1.0 x 10° + 10% 8. The effective resistance between points Aand B is
(c)1.0 x 10° + 10% (d) 1.0 x 107 + 10%

) R ¢ 2R
4. A galvanometer of resistance 15 Q gives full scale deflection
for a current of 2 mA. Calculate the shunt resistance needed
to convert it into an ammeter of range 5 A. R

(8) 0.178 Q (b) 0.002 Q (c) 0.006 2 (d) 5 Q

5. The charge on the 4 pF capacitor in the steady state, is

D
50 2 uF @R (b) R/3
(c)2R/3 (d) 3R/5
10V 5Q 9. An infini i i i
- An infinite ladder network of resistances is constructed with
1 Q and 2 Q resistance as shown in figure. The 6 V battery
4 pF between Aand B has negligible internal resistance then
(@) 239 uC (b) 10 uC (©) g uc (d) 10puC effective resistance between Aand B is
R ‘ 1o s 1Q
6. A point charge +g, is placed at a distance d from an AW WA MWW — -
isolated conducting plane. The field at a point P on the < 4 2
other side of plane is [NCERT Exemplar] sy 329 $20 320
(a) directed perpendicular to the plane and away from the I i i i
plane 8 e
(b) directed perpendicular to the plane but towards the plane @39 b) 29
(c) directed radially away from point charge () 6/56Q (d) 5/6 Q

(d) directed radially towards the point charge
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10. In the circuit shown in figure. The point F is grounded.
Which of the following is wrong statement?

Bg—»f\’\/vw——l,c
2Q é % 30
1 of

10V BV
40
E WA E
a)Disat5V

)
b) E is at zero potential
c) The current in the circuit will be 0.5 A
d) None of the above

o

11. The 80 Q galvanometer deflects full scale for a potential of
20 mV. A voltmeter deflecting full scale of 5V is 10 made
using this galvanometer. We must connect
(a) aresistance of 19.92 kQ parallel to the galvanometer
(b) a resistance of 19.92kQ in series with the galvanometer
(c) a resistance of 20kQ parallel to the galvanometer
(d) a resistance of 20 kQ in series with galvanometer

12. The reading of ammeter shown in figure is

(14 V 0.8 Q)
(@) 6.56 A (b) 3.28 A
(©) 2.18 A (d) 1.09 A

13. In the circuit in figure the potential difference across
P and @ will be nearest to

(b) 6.6V (d) 32V

(c)4V

(@) 96V

14. In an experiment to measure the internal resistance of a cell
by potentiometer, it is found that the balance point is at a
length of 2 M when the cell is shunted by a 4 Q resistance;
and is at a length of 3 m when the cell is shunted by a 8
resistance. The internal resistance of the cell is, then
(@) 12Q (b) 8 Q
(c) 16 Q2 (d)1Q

JEE Main Physics inJust 40 Days

15. A voltmeter having resistance
measure the potential differen
which is connected 0 DC powter: suse

istance 20 Q. What is the '
fcft‘:ntial difference across 200 Q resistance as
connecting voltmeter across it?
(@) 1% (b) 5%
(c) 10% (d) 20%

16. What is the potential difference between poin

circuit shown in figure?

4V
2Q
\NV‘?A < ;
5V
6V 3Q 6 Q
L 10 4 Q
v DWWy

ANWWY B

%\

(@) 5V (b) 9V (©) 10.4V (d)11.4V

17. The -/ graph for a conductor at temperatures T, and 7 aré

as shown in the figure, The term T, — T, is proportional to

Voltage (V)

Current (/)
(c) cot 20

(a) cos 28 (b) sin26 (d) tan 20

18. A 6 V battery is connected to the terminals of a three metre
long wire of uniform thickness and resistance of 100 Q. The
difference of potential between two points on the wire
separated by a distance of 50 cm will be

(@) 2V (b) 3V (e)y1V (d) 15V

Directions (Q. Nos. 19 to 22) Fach of these questions contains
two statements Statement | (Assertion) and s‘tafen N I—l
(Realson)i Each of these questions also has r’ou} alt 19!{/
choices, only one of which is the correct answer Yc;u 6;]”73“"3

select one of the codes (a), (b), (c), (d) given below ave to

(a) Statement | is true, Statement Il is true; Statement I is the
correct explanation for Statement | l i

(b) Statementlis true, Stater

; ment llis true; S e t
correct explanation for Statement | e
(¢) Statement |is true; Statement Il is false
(d) Statement |is false; Statement |{ s true

19. Statement | As temperature decreases the relax

; g ation time
of a conducting material increases ation t

Statement Il e
;e ion':Ui:’ber of collisions per unit time of electrons
creases as the temperature increases

of 1800 Q is employed to
ce across 200 Q resistance
ply of 50V and internal
rcentage change in
a result of

ts Aand D of
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~

126
ree metre
00 Q. The

the wire

5V

15 contains
tement 11
alternative
U have 1O

ient il is the

itll is not the

axation time

 of electrons

Icreases.
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20. Statement | Potential difference across the terminals of a
battery can be greater than its emf.
Statement Il When current is taken from battery, V=E —Ir

(Symbols have their usual meaning).

21. Statement | In a meter bridge experiment, null 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 il R
in temperature

22. Statement | In the potentiometer circuit shown in figure E,

given resistor R, the balar

Statement Il At the balance point, the potential difference

between AD due to cell C, = E,, the emf of cell C

@

N

Directions (Q. Nos. 23 to 25) In the given circuit, initially
switch is open and all the capacitors are uncharged. Each
capacitor has capacitance 2 WF and resistor has resistance 1 Q.

g,k./\A;I,VJM#l

B

23. Find the current supplied by bat

2Bt

tery just after switch is

closed.
(a) zero (b) 8BA
©) 2A (d 17 A

Find the current supplied by battery after a long time.
(a) zero (b) 8 A
(c) 4 A (d2A

Find the heat dissipated in circuit in a long time.

Directions (Q. Nos. 26 to 28) Two resistances 300 Q and
400 Q are connected to a 60 V power supply as shown in figure.

A voltmeter connected across the 400 S resistor reads 30 V.

Voltmeter
—
‘ F f
I AAAAAA I
300 Q 400 Q

—YVYWWWA

When the same voltmeter is connected across the
resistor. The current in the circuit is

(@) > A b) 2 A
32 16

S

© A @ 3A
8 4

When the voltmeter is connected across the 300 Q resis

it will read 1ok
(@) 40V (b) 22,5V
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29. A letter A is constructed of a uniform wire with resistance
1.0 Q per cm. The sides of the letter are 20 cm and the
cross piece in the middle is 10 cm long. The apex angle is
60°. The resistance between the ends of the legs is close to

[JEE Main Online 2013]
(@) 50.0 Q (b) 10 Q
(€) 36.7 Q (d) 26.7 Q

30. A DC source of emf £;=100V and internal resistance
r=05Q, a storage battery of emf E,=90V and an
external resistance R are connected as shown in figure. For
what value of R no current will pass through the battery?

[JEE Main Online 2013]

E r=05Q
JI|——AWW—

R
(@) 55 Q (b) 85Q (c) 45Q (d) 2.5 Q

31. In a metre bridge experiment null point is obtained at
40 cm from one end of the wire when resistance X Is
balanced against another resistance Y. If X <Y, then the
new position of the null points from the same end, if one
decides to balance a resistance of 3X against Y, will be

close to [JEE Main Online 2013]
(@) 80 cm (b) 75 cm
(c) 67 cm (d) 50 cm

32. Correct set up to verify Ohm's law is [JEE Main Online 2013]

@ (b) A

(©) (d)

33, Figure shows a circuit in which three identical diodes are
used. Each diode has forward resistance of 20 Q and

infinite backward resistance. Resistors B, =R, = Ry =50 Q.

voltage is 6 V. The current through Rj is
Baitety : [JEE Main Online 2013]

, 3
50 mA (b) 100 mA
%3 60 mA (d) 25 mA

34. To find the resistance of a g

36.

32

alvanometer by the half

deflection method the following circuit is used Wwith
resistances R =9970 &, R, = 30 Q qnd - R—3 :O(;,Qm
deflection in the galvanometer IS d. With Rz =

deflection changed to — The galvanometer resistance is

approx1mately [JEE Main Online 2013]

a) 107 Q

¢
(c) 107/2 Q (d) 77 Q

. Six equal resistances are connected between points P.Q

and R as shown in figure. Then net resistance will be

maximum between [JEE Main Online 2013}

Q

(@) Pand R

(b) Pand ;
(c) Qand R W

(d) Any two points
To establish an instantaneous current of 2 A through a 1pF

capacitor ; the potential difference a i
3 cross the capacitor
plates should be changed at the rate of

[JEE Main Online 201
(b) 4x10°V/s !

(d) ax10*V/s

(@) 2x10*V/s
(0) 2x 10%V/s

A shunt of resistance 1Q is connected across

galvanometer of 120 Q resistance. A current of 5.5 A @
fulll scale deflection in the galvanometer. The mt hal
will give full scale deflection in the absence of the shunt
nearly [JEE Main Online 2013
(8) 5.5A (b) 05A

(c) 0.004 A (d) 0.045 A
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38. Which of the four resistances P.Q.R and S generate the

nt flows from Ato B ?
[JEE Main Online 2013]

greatest amount of heat when a curre
P=20 Q=40
“MWWA-
> =
w <
/
R=1Q S=20

@ Q by S
d) R

39. Two electric bulbs marked 25 W-220 v/ and 100 W-220 V are
connected in series to a 440 V supply. Which of
will fuse?

the bulbs
[AIEEE 2012]

(b) 100 W

(d) Neither

btained by measuring the
Oltage difference applied across
In the measurement of the current
> are 3% each, then error in the
vire is [AIEEE 2012]

1% (d) 3%

O make It 0.1% longer, its resistance
[AIEEE 2012]

a) increase by 0.2% (b) decrease by 0.2%

C) decrease by 0.05 % (d) increase by 0.05%
42. The curren / circuit of potentiometer is 0.2A
The spe ana cross-section of the
oten 41%x107 Q m and 8x10~7 mf

radient will be equal to

[AIEEE 2011]
(@) 0.2 V/m
(c) 0.3V/m

(b) 1 V/m

(d) 0.1 V/m

43. Two conductors have the same resistance at 0°C but their
temperature coefficients of resistance are o, and o.,. The
respective temperature coefficients of their series and
paraliel combinations are nearly [AIEEE 2010]

o, + 0, oy + oLy
@ ———=2, 0, +a, (b) oy + 0y, - 2

o0 O + 0, O + 0Ly

€ a, + o L1 S (=1 . £
oy + 0y 2 2

44. Shown in the figure adjacent is a meter bridge set up with
null deflection in the galvanometer. The value of the
unknown resistor R is [AIEEE 2008]

55Q R
AW rWLj
20 cm-»
—-——i% d —
(@ 13.75Q (b) 220 © (c) 110Q (d) 55 Q

Day 19 Current Electricity

Directions (Q. Nos. 45 and 46) Consider a block of conducting
material of resistivity p shown in the figure. Current | enters at A
and leaves from D. We apply superposition principle to find
voltage AV developed between B and C. The calculation is done
in the following steps

() Take current/ entering from A and assume it to spread.overa
hemi-spherical surface in the block
/ AV

Sl
Z A a‘a b‘c‘a’zl;
|

(i) Calculate field E(r) at distance r from A by using Ohm's law
E = pJ, where J s the current per unit area at r.

(iii) From the r dependence of E(r) obtain the potential V(r)at r.

(\v) Repeat (i), (if) and. (jii) for current | leaving D and superpose
results for A and D. [AIEEE 2008]

45. AV measured between B and C is

@ pl _  pl (b) p{_ erﬁ/f
ma mw@+ b) a (a+b)

(C) p/ = P/ d) - *p{"'
2ra 2n(@+ b) 2n(a-b)

46. For current entering at A, the electric field at a distance r

from A is

(@) P (b) ";/
8nre I8

, / /

(B (d) -2
2nre 4nr

47. A 5V battery with internal resistance 2 Q and a 2V battery

with internal resistance 1Q are connected to a 10 Q resistor
as shown in the figure. [AIEEE 2008]

P,
5v£ S lzv
291 b3 —’_IHI
P4

The current in the 10 Q resistor is

(@) 027A P, to P, (b) 0.03A, R to P,
(©) 0.03A, P, to R, (d) 027A, P to R,

48. The resistance of a wire is 5 Q at 50°C and 6 Q at 100°C,
The resistance of the wire at 0°C will be [AIEEE 2007]
(@2Q b)1Q
©4Q d3Q
A material B has twice the specific resistance of A A circular
wire made of B has twice the diameter of a wire made of A
Then, for the two wires to have the same resistance, the
ratio /g/l, of their respective lengths must be [AIEEE 2006]
(a) 1 (b) 1/2
(c) 1/4 (d) 2/1

49

283

"

- T———
e
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50. An electric bulb is rated 220 V-100 W. The power consumed
by it when operated on 110 V will be [AIEEE 2006]
@ 75 W (b) 40 W (c) 25 W (d) 50 W

152 ]
—

. Ihe resistance of a bulb filament is 100 Q at a

temperature of 100°C. If its temperature coefficient of
resistance be 0.005 per °C, its resistance will become
200 Q at a temperature of [AIEEE 2006]

(@) 300°C (b) 400°C (c) 500°C (d) 200°C

. The Kirchhoff's first law (£ = 0)and second law (ZIR = 2E)

where the symbols have their usual meanings, are
respectively based on [AIEEE 2006]
(a) conservation of charge, conservation of momentum

(b) conservation of energy, conservation of charge

\C

conservation of momentum, conservation of charge
(d) conservation of charge, conservation of energy

53. The current / drawn from the 5 V. source will be [AIEEE 2006]
10 Q
r—f.m,w-x
50 10 Q 20 Q
AV AW
10 Q
/ L
+) - |
5y
() 0.33 A (0) 0.5 A
(c) 0.67 A (d) 0.17 A
54. A moving coil galvanometer of resistance 100 Q is used as
an ammeter using a resistance 0.1 €. The maximum
deflection current in the galvanometer is 100 pA. Find the
current in the circuit, so that the ammeter shows maximum
deflection. JAIEEE 2005]
(2) 100.1 mA (b) 1000.1 MA
(c) 10.01 mA (d) 1.01 mA
55. A rigid container with thermally insulated walls contains a
coil of resistance 100 €, carrying current 1 A. Change in
internal energy after 5 min will be [AIEEE 2005]
{a) zero (b) 10 kJ
(c) 20 kJ (d) 80 kJ

56. In the circuit, the galvanometer G shows zero deflection. If

the batteries Aand B have negligible internal resistance, the

value of the resistor R will be [AIEEE 2005]
5008
g =
o AT 2V
12 V'[ B :R
2) 200 2 (b) 100 Q
Ec; 500 Q (d) 1000 ©

57. A heater coil is cut into tWo equal parts and only one partis

58.

59.

60.

61.

62.

63

now used in the heater. The heat generated will now be

[AIEEE 2005]
(a) doubled (b) four times
(c) one-fourth (d) halved
An energy source will supply a constant current into the
load., if its internal resistance is [AIEEE 2005]

(a) equal to the resistance of the load :

(b) very large as compared to the load resistance

(c) zero

(d) non-zero but less than the resistance of the load

Six equal resistances are connected between points P,Q
and R as shown in the figure. Then, the net resistance will

be maximum between [AIEEE 2004]
P
R
(@) Pand Q (b) Qand R
(c) Pand R (d) any two points

The resistance of the series combination of two resistances =
is S. When they are joined in parallel, the total resistance is P-
IfS = nP, then the minimum possible value of n iSAIEEE 2004]

(@) 4 (b) 8 ]
©2 (@)1 %
The thermistors are usually made of [AIEEE 2004]

(a) metals with low temperature coefficient of resistivity
(b) metals with high temperature coefficient of resistivity
(c) metal oxides with high temperature coefficient of resistivity

(d) semiconducting materials having low

CO 9l temperature
coefficient of resistivity ‘

?(;?Ce taken0 by a 836 W heater to heat one litre of water from
040°C is [AIEEE 2004]
() 50's -

(c) 150's D100

(d) 200's

The length of a wire of a potentiometer is 100 cm, and the'

emf of its cell is E Volt. It is employed to measure the emf of:
a patt'ery whpse internal resistance is 0.5 Q. If the balanc 3
point is obtained at / = 30 ¢cm from th .

of the battery is i erﬁég;ez;;“
30E ;
@ e ) _S0E
30/(E - 0.5/) el
i) () 3°E
100 100

where / is the current in the potentiometer wire.
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Answers

1. (d) 2. (d) 3. (¢) 4. (c) 5. (a) 6. (a) 7-(©) 8. (¢ 9. (b) 10. (b)
11. (b) 12. (¢) 13. (d) 14. (b) 15. (a) 16. (c) 17. (c) 18. (c) 19. (a) 20. (b)
e 21. (d) 22, (d) 23. (b) 24. (c) 25. (a) 26. (d) 27. (a) 28. (b) 29. (d) 30. ()
51 31. (o) 32. (a) 33. (a) 34. (d) 35. (b) 36. (c) 37. (d) 38. (b) 39. (c) 40. (a)
41. (a) 42. (d) 43. (d) 44, (b) 45, (c) 46. () 47. (c) 48. (c) 49. (d) 50. (¢)
51. (b) 52. (d) 53. (b) 54. (a) 55. (d) 56. (b) 57. (a) 58. (¢) 59. (a) 60. (a)
61. (c) 62. (c) 63. (c)

Q Hints & Solutions

will
04] 1 Vi b2l e el So, potential drop across ABisV =5V
nAe nmD% D? Sum of potential difference across 2 uF and 4 uF capacitors
VCH_D;* 12_1 is5V.
v B2 R As capacitors are in series, charges on them would be
i same, let us say itisq.
2. Consider a concentric spherical shell of radius x and - @ ©
thickness dx as shown in figure. Its resistance, dR is From kYL, 8 et
P 20
p \ ===
// O'X,/ = q 3 8
/ 6. Due to the charge (+q) some negative charge would
\ develop on the plane towards the +g and equal positive
\\ y charge would develop on opposite side of plane which
NCes N Y would get uniformly distributed. So, field would be
is P. e perpendicular and away from plane.
2004] 5 ( / I
p dx D ] |
dR = R e
41()(2 \ A e
- 1+ —
- 2004] . Total resistance, & iz 2 5
b il
R=L| d_izi{w,,} L
4t Ya x 4t la b — b
¥k +q
iy 3. Numbers attached for brown, black, green and silver are = ol
Elature 1,0, 5, + 10%. Therefore, the resistance of given resistor e
=10 % 10° Q + 10% 5 L e
r from =10x10° Q £ 10% i
E 2004] G ¥ -
£ e S SO )
=l =254l 7. Spacing between electric field lines increases from left to
ind the 5. In the steady state, the capacitors are fully charged and right. Therefore, £ on "?ft is greater than £ on right of
emf of acts as open cireuit, so the equivalent circuit in steady state dipole. So, force on g is more as compared to force on
alance would be as shown. +q. So, dipole would experience a net force towards
he emf AR e
E 2003] 50 8. Here points B and D are common. So, 2R in arm DC and 2R
) in arm CB are in parallel between C and B. Their effective
10V 350 ! 2R x 2R
3 resistance = =
'L . 2R +2R
p Now, the effective resistance between Aand Bis
RxR+R) 2
10 Ret= e i

Steady state current / = o 1A R+R+R) 3
+
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9. Let R be the resistance of infinite ladder. The addition or

subtraction of one step in the ladder will not affect the total

resistance of network. Therefore, equivalent circuit will be as
shown in figure 1Q

f\MV\M‘T—J

‘XGV ;%2&2 %R
<

(p] [
Total resistance =1+ = Wi =R
R+2
or R+2+2R=R*+2R = R*-R-2=0

On solving, we get R =2 Q

10. Effective emf of circuit =10 -3=7V

Total resistance of circuit =2 + 5+ 3+ 4= 14 Q
Current | =7/14=05A

Potential difference between Aand D = 0.5 X 10=5A
Potential at D =10 - 5=5V

Potential at E=5-3=2V

Hence, E cannot be at zero potential, as there is potential
drop at E.

11. The current through galvanometer producing full scale

o~
i R U 2UIOR 205l A
R 80

To convert galvanometer into a voltmeter, a high resistance
is connected in series with the galvanometer

5= (2.5x 107 *)(R + 80)
R =1992 kQ

12. The equivalent circuit of the given circuit will be reduced to as
shown in figure.

JEE Main Physics inJust 40 Days

2x 4

Total resistance of the circuit = LW +038

2 gl
6 6

: i 14 oS
Main current in the circuit = m 108

Reading of ammeter = b X 4 218 A
12.8° 6
13. Total resistance of circuit =100 + 100 + 80 + 20 = 300Q
Current [ = ifi =016A
300

Potential difference across P

and Q:QOXO.16:3.2\/
Ee I8
14. As, LL., 7\;4:L,4,j8 et 5
. 3 )
Therefore /:{;12,\4: 80
L ( 2 =

15. ‘vQ:EA//':E)Of;%Od\<20:5O—445:45.5V

Now, V, =502 x20=45
- 200
% change in potential difference
A5 5—
Bl )
50
16. Let /, and [, be the currents drawn from cells of emf 6 V and |
4V in the circuits. Then, ‘

6 |
=——=1A !
s oL |
and = 2 =04A
6+ 4

\'/A_VB:1X3:3V"VB—VC:5V §
and Vo —Vp=04x6=24V j"
; Va=Vp=(Va =Vg)+ (Vg =\ )+ (o —Vp)
=3+5+24=104V
17. R =tan 6 = Ry(1 + aTy)

and R 2 =cot8 = R0(1 ot (XTz)

cot® —tan @ = Ry(1 + aT,)
= R0(1 + G,T1) = ROQ(TQ s 7‘1)

or

T Lae 2,
2 = @R, (cot® — tan §)

=i Lm _sin® :
afRy\sin® cos@ ‘
_ 2c0s 28 3

o Ry sin 26

SRias
a R, =9
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18. Potential gradient along the wire, K = —3% V/em

Potential difference across 50 cm length is

V:kaOzixEuO:Wolt
300

Alternative
Here, R=100=P _3
A A
or R 100
A 8
The resistance of 50 cm wire is
A
A
=1OO X O.SO:S—P?Q

Current in the wire [ = j— A

Potential difference across the given portion of wire is
Vi :IF?1=—6‘><§9:1volt
e 8
19. As temperature increases, the number of collisions per unit
time increases and vice-versa.

So, as temperature decreases, T eases-

20. When the battery is undergoing charging processes then,
V=E+Ir>E
So, Statement | is correct.

Statement Il is also correct but not explaining Statement .
21. With increase in temperature, the value of unknown
resistance will increase.

In balanced Wheatstone bridge condition,
R
X I

Here, R = value of standard resistance,

X = value of unknown resistance.

! / : R
To take null point at same point or - to remain unchanged, <
should also remain unchanged. ‘2 '

Therefore, if X is increasing R, should also increase.

22. The correct choice is (d). If the diameter of wire AB is
increased, its resistance will decrease. Hence, the potential
difference between Aand B due to cell C; will decrease.

Therefore, the null point will be obtained at a higher value
of x.

23. Just after the switch is closed, the capacitor would be treated

as short circuit and the circuit can be redrawn as if P, Q, R are
at the same potential.

Therefore, all resistors connected between these points are
uneffective. After redrawing the circuit, /=8 A
Req =1+0.25=1.25Q

24. When steady state is reached, capacitor would be treated as
an open circuit.

A
10V

In this case, solve the circuit, / comes out to be 4 A.
25. Potential difference across AB,V,g = 4V
So, charge on D,q,; = 8uC
Potential difference across CD =0
So, chargeon A g, =0
Charge on B,gg = 4uC
Charge on C,g, = 4uC
So, AH = work done by battery — XU
=8x10pnd —24uJ
=56 uJ

26. Potential difference across the 400 Q resistance = 30 V.
Therefore, potential difference across the 300 Q resistance

=60 - 30 = 30V. Let R be the resistance of the voltmeter. As

the voltmeter is in parallel with the 400 Q resistance, their
combined resistance is

R = 400R
(400 + R)
As the potential difference of 60 V is equally, shared between
the 300 Q and 400 Q resistance, R”should be equalto 300 Q.
Thus,

400R

(400 + R)
Which gives R = 1200 Q.
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27. When the voltmeter is

connected

dacrogss

resistance, their combined resistance is

g~ S00R _ 3001200
(300 + R) (300 + 1200)

»~ Total resistance in the circuit = 400 + 240 = 640

60V
640 Q

= Current in the circuit is [ =

28. Voltmeter reading = Potential difference across 240 €2

resistance
3
X 240
32
29. We have, in series, required
R, + R, =10+ 10=20Q

=240 Q

8
32"

2ABY!

/608
. 10Q/L
'10&1/
/ N
g
d
1 1 1
and in parallel, = = — =
[RER 2080 20
)
=3 Ff(‘q = 0
3
20
Therefore, Req= } + 10 + 10

200 30 + 3Q
8

80

=— =26.66=26.7 Q
3

30. Given, E, =100V, r=05Q, E,=90V

External resistance = R

For no current pass through the battery

00D

R+r R

Sl 9

& R+1Q R
s 10R=9R+ 45Q

R=4.5%Q

X 40 40
31. As, ;=1—O'6_—45=@
01202
y 60 608l

Now, the total length = 100

100
- Required length = S x 2 =67 cm

the

300

¢)

392, Ohm's law states that th

JEE Main PhyS|CS in Just 40 Days

e current (/) flowing through g
to the potential difference ™

33.

35.

conductor is directly proportional

(V) across the ends of the conductor,
such as temperature, &

conditions of the conductor
mechanical strain etc., kept constant,

[ocVOrV el
or V=~

As diode is conducting in forw.

ie.,

provided physical ¥

conducting in reverse bias condition. Diode D, is in forward
bias, and diode D; is in forward bias but Dj is reverse bias,

So the figure can be drawn as

——'\N‘Mr—‘—“!
200 Ry

{ —WW

T

6V Rs

Here, 20 Q, RQ and R,Q are in series

Equivalent resistance = 50 + 50 + 20 = 120 Q

I N0
R 120 820

then equivalent resistance of R, and Ay

— =0

. As at initial condition the deflection is d while Rg = 0,

=R, + R, =R, =30Q

Now, when

Then, equivalent resistance should be —
2

R, =107 Q and R, =30 Q

30:15-2

It is only when equivalent resistant resistance and R; and
R, will be parallel to R, giving resistance 15 Q

Let Ry — R, = equivalent=30 Q =R
1 " i 1 1 1
R, !

F—=-—+
RSO S0 6

Ry, =16Q

Thus, Rg must will be 77 Q in order to maintain

Ry -=R; =80 = 107-R, =30 =R, =4}

By solving this, we get net resistance will be max,

S 4
Req =1, Ror =—r and _3
PR o R 11rar\dF?L,,.?_TN

Req > Rar > Reg
Therefore Rpq is maximum.

3

i
i
¥

(where R is constant ¥
ard bias condition and nows

36. AsQ =CV
Now, differenating with respect to time (t) ‘
9Q _ v
a ot
2=t 16 9 :
ot ¢
5 i

Y e
PR =2x10%V/s
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87. As, Iy = S 43. Let, R, be the initial resistance of both conductors
y e M
IR At temperature @ their resistances will be,
) ¢ rE \
120R+ 18 <2 A R, = Ry(1 + 0,)
{ and Ry = Ry(1+ 0.,8)
X 5.5=0.045A : - ;
21 For series combination,
38. We know that j e -, |, 2 f :')/ Ao = lil)
R 83+6 3 Rso(1+ @ 8) = Ry(1 + o) + Ry(1 + 015 8)
I, 2% 4Q Where, Rso = Rq + Ry =2R,
g — -
QLT =W 2Ry (1 + @ 8) =2R; + Ry 6 (aty + at,)
Gl KB wy el
> '\/\]/\‘/)V\'J\/\:\&/}N = 2
S g i , RR 5
3 { For parallel combination, R, = — 2
01 / "é/ ;/' : R]+R?
6+ ! 3
Ro(l + 0.8)Ry(1+ a0
Power rate in 2 Q of upper series Rpol+0,0) = il R )
ril Ro(1+ a.0) + Ry(1+ 0..9)
2 x L ’%/ ] = lri/’ Where o= 78@& :&
W ; Ro+Ry 2
Power rate in 4 Q of upper series > 2
Ry Ro(1+ 08 + 008 + 0400,87)
e L (1+0,0)=—0 2 "
=4x | ,J = (),' 2 i Ro@ + 048 + 0.56)
- § / as a,; and o, are small quantities.
[ of1 Qinl series : i 2
. b . oy, 0, is negligible. So, neglect o, o, 82
(121 N\ 4 2
Sl = =
SR or o, :2‘H*“_462542“2{1_(%;“2%}
+ (04 5
rPower rate of 2 Q in lower series ' (U" i ()(L)
s 8 [Binomial expansion]
G S as (o + 01,)? is negligible
P — 2/30 — 4/9, R— 4/9, S —8/9 o, = S,%L
< n it ~f C el al = ‘/’/
39. Resistance of bulb is given by A = 5 44. From balanced Wheatstone's bridge concept,
As the rated power of 25 W is less m;im’ 100 \/V it implies th:.:n 55 _ 20 ~ R=2200
25 W bulb has higher resistance. As in series connection, R 80
current through both the bulbs is same so _heahr)g in .25 W 45. Electric field at a distance r from A is,
bulb s more than that of 100 W bulb. So, 25 W bulb will get |
fused E=p.J=px o
40. From Ohm's law, = jdV =— fEdr
% ;
R=—=InR=InV —=Ini a+b
/ = Vo Vg =AV =— f ngdé
- TR
AR _AV A _so 4 39%=6% g
R 4 i 1
; = AV = Zp—/ {~ - Lb}
S/ 87 mla a+
41, R = ;/ = 5\!/»— (V = volume)
x [
T 46. FromE:pJ:p—5 = ! : S
2 009 2nr Area of hemisphere 2772
R /
47. Let potential of P is 0 V and potential of P, is V. Now, apply
42. Potential gradient of a potentiometer, KCL
v atpP,.
K =l _02x4x107" 170 =01V/m
A 8x 10~

his messaae by purchasing novaPDE (htto://www.novapdf.com
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Py
2Q 1Q
10Q
5V —2
5V L,
P4
Vi R e R i
2 10 T R T

So, current through 10 Q resistor Is % from P, to P,
10 s

5/16_ 5 _
10 160
48. From R = R,(1+ at)

5=Ry(1+ 500) (i Mpwt
and 6=R,(1+1000) _— :
5_1+50a R
6 1+100a —,‘ ;:" 'E;: /_"_'
1
or o=
200 100 z
Putting value of o in Eq. (i), we get Bl jddd
5=Ry, |1+ 50 X e ;
: 200 B
1A
or Ry =4 :
49, Resistance of A=, = Pala _ pl—li ‘
As T v
_Pals _Pals

Resistance of B=Rg = =
A g

From given information,  Pg =2p4
rg =2r, and Ry =Ry
pals _Pols

wE T
al 20, % Ig
or 94; =AM =
T, T(@2ry)
[ 2
e |
or .
V? . Substituting the v
50. Resistance of electric bulb R = s .where subscripts denote ubstituting the val
for rated parameters. 55. W = 0. Therefore
:@2/0)— AU =AQ =I?Rt =
100 56. The galvanometer shows zero n \ K.
Power consumed atv1210 Vv, (110)2 XY is zero e., current throug
Bonpunied = = 25W 500Q
5 R  (220)° /100 'WTFQ %
51. Let resistance of bulb filament is R, at 0°C, then from 1 ;
T2
expression L12v R |

Ry = Rol1 + 0 A9]

We have, 100 = Ry[1+ 0.005 % 100]
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Day 19 Current Electricity

As a result potential drop across R is 2 V. Circuit can be
redrawn as

500 Q

E\N\MNN —L2 Vv

12V R

T
500 + R
Voltage across R, V = IR
12

— 2= X
500 + R
or 1000 + 2R =12R
or R =100 Q
2 2
57.H,:V—tand = . t
R (R/2)

i:2 or H, =2H,
1

E

58. =
R+r

o = constant
R

where, R = external resistance
r = internal resistance = 0

B9 P
and Rep =—r

Rpq is maximum.
60. Let resistances are R; and R,. Then,

S =R+ R,
RiR,
Qe " R,+R,
nx R{R,
R, + R,)=——= fromS =nP
(Ry + R2) i [ 1
or (R + R =nR:R,

61.

62.

63.

[ 2 +2RR,
—
R R2
R i
=|—+ —2 +2 i
LR 2 R d
We know,
Arithmetic Mean > Geometric Mean
R.‘ F?9
R2 i S ix Ry
2 \92 R
= & - 52_ >2
S5

Z
So, n (minimum value) =2 +2 =4
The thermistors are usually made of metaloxide with high
temperature coefficient of resistivity.
Let time taken in boiling the water by the heater is f second.
Then. Q =ms AT

Pt
= — =ms AT
¢
@t_1x1000(40—10)
4.2
or @[—1000X30
4.2
. 1:1OOOXSOX4'2=1503
836
Ve<|
¥ 24
E L

where, / = balance point distance
L = length of potentiometer wire.
/

V=-E

or T

- 30 x E ﬂ
100 100
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Unit Test 4

20

(Electrostatics & Current Electricity)

1. Two concentric spheres of radii nandr, carry charges
q. and g., respectively. If the surface charge density (o) is the
same for both the spheres, the electric potential at the

common centre will be

)
X
G
X

< L (c)g(n—n‘,) (d)gm + 1)

g I & £ N

int charges of +10uC are placed 5.00 mm apart,
electric dipole. Compute electric field at a point on

the dipole 15 cm away from the centre on a line

rough the centre dipole.

(b) 3.66% 10°NC™
(d)2.66% 10°NC "

3. The capacitance of a capacitor, is of the plates having the
areas A and A(A < A), at adistanced, is having the areas

A A,

() Eolf + Ao €A ) VA A, €A
(a) 22— ——2- (b) L (€) = 3 (d) T
4. An oil drop having 12 excess electrons is held stationary
under a uniform electric field of 2.55x 10*NG™. The density of
the oil is 1.26 g -cm°. Estimate the radius of the drop. (Given,
g=981ms2e =1.6x107°C)
(@) 6.61x 10~*mm (b) 9.81x 10~*mm

(c) 6.61x 107°mm (d) 9.81x 10mm

5. A charge (- g)and another charge (+ Q) are kept at two points
Aand B respectively. Keeping the charge (+ Q) fixed at B, the
charge (—g) at A is moved to another point C such that ABC
forms an equilateral triangle of side /. The net work done in
moving the change (—q)is

-4 8q byl 99
amey | Ame, [?

© "N Qql (d) zero
4me,

10.

. A drop, having a mass of 4.8x 10712

. The electric dipole moment of an electron and proton

4,30 nm apart is
(a) 6.88% 10722 C-m
(c) 6.88x 10% C-m

(b) 5.88x 1072% C-m
(d) 5.88x 10%° C-m

. At what distance along the central axis of a uniformily

charged plastic disk of radius R is the magnitude of the
electric field equal to one-half the magnitude of the field
at the centre of the surface of the disk?

@ L ORI
e VS
()2 R (d) V38R

. Work done in placing a charge of 8x107'® C on a

condenser of capacity 100 uF is
() 16x 1072 J (b) 81x 1072 J
() 64x 107 J (d) 32x107%

! g and a charge of
2.4x 104e s suspended between two charged
horizontal plates at a distance 1.0 cm apart. Find the
potential difference between the plates. If polarity of the

plates be changed, then cal i
: ] culate
acceleration of the drop. e et

(@) 1.96x 10°V, 18.6 ms2
(b) 1.86x 104V, 18.6 ms=2
(€) 1.96x 10*V, 19.6 ms=2
(d)2.96% 10*V, 17,6 ms=2
What is the direction

the square of figure, |fOf the electric field at the centre of

3 9 =1.0x 10°C and a = 5.0 cm?
X

+"'.
e

= a
s

(8) 80° with x-axis ¢

(¢) 60° with x-axis (b) 45° with x-axis

(d) 90° with x-axis

16
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11. In a potentiomet
length 240 cm
the balancing ler
of the cell 1s
(a) 4 Q2
(€)1Q

60 €. At which ten

13. A charge

14.
ix 107" C or
28 I
4 J

15. An electron is

(ignore gravite

(b)2.51x 10
(c) 3.51% 10'°r
(d)3.51x 107"

16. In figure, the

charges, ifV = 0 at infinity 1S

id at the centre Of
and @ = 5.0 cm”?

magnitude 2.00 >

er experiment, the bals
f ent, the balancing with a cell is at

I shunting e cel
| shunting the cell with a resistance of 2 Q

ath becomes

120 em Tha i

120 cm. The internal resistance
b)2 Q
(d)0.5Q

wire at 20°C is 20 Q and at 500°C is

ure its resistance will be 25 Q?

stem produces an electric field in the air
A particle of charge —2 x 107°C is acted
vard electrostatic force of 8x 10 °N when

|d. The ratio of the magnitude of the
o the magnitude of the gravitational force

on Is

(b)1.5 x 10
(d)1.5 x 10"

jucting sheet has a surface charge density

onc¢
yne side. How far apart are equipotential

on c

se potentials differ by 50 V?

a uniform electric field of

sed from rest In
the electron 1S

(0" NC . Acceleration of

relece

f10n)

(@)2.51x 10" ms ™

ms
ns

’ms ° .
| oint
net potential at point P due to the four p

®-5q
+5q
L d
!Sq
x s
P
d
+5q :

ol

(b) Véﬂ £q
99

(d) o

Unit Test 4

293

17. In the combination of resistances shown in the figure, .1e

potential difference between B and D is zero, when
unknown resistance is

(@) 0.125 Q

(b)2Q

(€) 3 Q

(d) for finding the value of X, the emf of cell is required

18. The equivalent resistance between points A and B in the
following diagram is
2Q OO 20(Q) 1 Q) 2Q
AO A'A'A YA'A'AVA 'A'A'AVA 'AYA'AvA
> >
sa® 6@ 340
Bo—AMAA A A AW AW
20 20202 QE2Q N2 Q)
(@)2 Q (b) 8 Q
©) 9Q (d) 10 @

Two cells connected in series have electromotive force of
1.5V each. Their internal resistance are 0.5 Q and 0.25 Q
This combination is connected fo a
Potential difference across the

19.

respectively.
resistance of 225 Q
terminals of each cell

@ 1V,0.25V
(G)NIEE N 226
The belt of an electrostatic generator is 50 cm wide and
travels 30 cm/s. The belt carries charge into the sphere at
rate corresponding to 107*A. What is the surface density
of charge on the belt?

(8) 67 x 107° C-m 2

(b) 67 x 107*C-m™

(c) 67 x 1077 C-m 2

(d) 67 x 107® C-m ™2

() 1V,1.25V
(d)1.5V,2.56V

20

B

D/ WWW.NO
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21. A particular 12 V car battery can send a total charge of

84 A-h through a circuit, from one terminal to other. If this
entire charge undergoes a potential difference of 12V, how
much energy is involved?
a)16x 108

) 8.6x 10°J

(b)2.6x 10°J
(d) 4.6x 108J

22. AB is uniform resistance wire of length 1 m. A 2 V

sccumulator, a Denial cell of 1.08 V and a galvanometer G are
acted as shown. If the sliding contact is adjusted for null
deflection then the potential gradient in AB and the balancing
lerath, measured from end A are respectively.

2
/
A B
1.08 V
(a >m, 54 cm (b) 0.0308 V/cm, 46 cm
cm, 49.6 cm (d) 0.02 V/em, 50.4 cm

23. A meter wire of length 200 cm has a resistance of 20
s connected in series with a resistance of 10 © and an
lator of emf 6 V. having negligible internal resistance. A
of 2.4V is balanced against a length L of the

potentiometer wire. Find the value of L.

SOUrc

10 Q 6V

— —_—
A £ | ¢B
L A
24V G

(b) 120 cm

(a) 100 cm (c) 110 cm (d) 140 cm

24. A voltmeter of resistance 1000 & gives full scale deflection
when a current of 100 mA flow through it. The shunt resistance
required across it to enable it to be used as an ammeter
reading 1A at full scale deflection is
(a) 10000 Q (b) 9000
(c)222Q (@) 111 Q

25. The resistance of a galvanometer is 50 Q and the current
required to give full scale deflection is 100 L A . In order to
convert it into an ammeter, reading upto 10A, it is necessary
to put a resistance of

(a) 5% 107 Q in parallel (b) 5x 107" Q in parallel

(c)10° Q in series (d) 99950 Q in series

26. A moving coil galvanometer has 150 equal divisions. Its
current sensitivity is 10 divisions per milliampere and voltage
sensitivity is 2 divisions per millivolt. In order that each division
reads 1 volt the resistance in ohms needed to be connected in
series with the coil will be
(a) 99995 (b) 9995

(c) 10° (d)10°

JEE Main Physics st 40 Days

me material aré in the ratio
n the ratio of'3in 2 e
|| be in the ratio of

27. Masses of the three wires of sarr
ol N8 and their Iengths.i :
Electrical resistance of these wires w12 :

e ()2
Wi e @27:6:1 '

Directions (Q. Nos. 28 to 35) Each qf these quest:or;'st

contains two statements : Statement | (Assertion) and Statemte.

Il (Reason). Each of these questions also has four a/te;:na ive

choices, only one of which is the correct answer. You have to
select one of the codes (a), (b), (0), (d) given below
(a) Statementlis true, Statement Il is trug; Statement Il is the
correct explanation for Statement | |
(b) Statement lis true, Statement Il is true; Staternent Il is not
the correct explanation for Statement |
(c) Statement | is true; Statement Il is false
(d) Statement | is false; Statement |l is true

28. Statement | A and B are two conducting spheres of
same radius. A being solid and B hollow. Both are
charged to the same potential. Then,

Charge on A =charge on B.
Statement Il Potentials on both are same.

29. Statement | A small metal ball is suspended in a uniform
magnetic field with the help of an insulated thread. When
a high energy X-ray beam falls on the ball, then the ball
will be deflected in the direction of elecitric field.

Statement Il The ball will oscillate in the field.
30

Statgment I The circuits containing capacitor be handed
cautiously, even when there is no current.

Statement Il A dielectric differs from an insulator.
31

Statement | In the following circui
. g circuit, the n i
between points Aand Bis R e

R
Statement 1| Al the

resj S
i esistances are in parallel to each

32. Statement |

circuit, emf js
resistance of th
R=1Q, then

voltmeter is 1V,

In the following
2V and interng
e cellis 1Q ang
feading of the

Statement || VeI wh
= TS o ”
> and R =10 Q
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Directions (Q. Nos. 36 and 37) Consider two

Day 2(0) Unit Test 4

33. Statement | The power delivered to g
after it is switched ON ang the gl
increasing, as compared to when the
i.e., after sometime of switching ON,

light bulb is more just
ow of the filament is
bulb is glowing steadily,

Statement Il As temperature increases, resistance of

conductor increases.

34. Statement I When a wire is stretched so that its diameter is
halved, its resistance becomes 16 times.

Statement Il Resistance of wire decreases with increase in
length.

35. Statement | A potentiometer is preferred over that of a
voltmeter for measurement of emf of a cell.

Statement |l Potentiometer is preferred as it does not draw
any current from the cell.

conducting
cubical blocks of sides a and 2a of identical material, of resistivity p.

Potential difference V is individually applied between opposite
faces PQ; of the smaller cube and also PXQ, of the bigger cube.
Same V is applied between PQ, the opposite faces of their
combination as shown. The calculation of change in current (I, —1I,)
in the two cases(l; is current in smaller cube and I, that through the
combination) is done by the following steps.

———n 7 !
A 7 -
Z I
T 1
i P Q
1
P1L___._ Q 21 2
s 2 J o o k)
1 S =
e =% £
Tdem 97z
7

(i) Assume current to enter normally ;amd calculate the resistance
of each cube using relation A = %
(i) Find resistance of the combination by direct summation of

resistance of the cubes.

izl

(i) Current /; and /, are found for smaller cube and also the
combination applying Ohm's law / = Y
(iv) Result (/, - 1,)is calculated.

86. The ratio of the electric field effective across FQ; and
P,Q, under the influence of the same applied voltage V

should be
@1t:2 (o)l 2h (€)1:4 (d) 4:1
37. The difference in currents (l; = /,)1s
/ : RV

(a)\/a~] \a (b) Va—-'_j a

p 2p p 2p

e 2w VA
(0 a- a (d)y—a - a

2p 3p p 3p

Directions (Q. Nos. 38 to 40) Power supplied by an ideal
battery (internal resistance =0) is El. Here, E is its emf and [ is
the current drawn from it. In series, current through different
resistance is same and in parallel, potential difference is same.
V) =i\

AY

Power consumed by a resistance is P = ‘R =

In the circuit shown, total power supplied by an ideal battery is
80 W. IfR =10 Q. Then,

38. Emf of the battery is

(a) 20 V. (b) 10V
(c) 40V (d) 60 V

39. Ratio of power developed across R,2R and 6R will be
(@2:4:3 (BYsS26
(€)2:4:6 (ch¥ = 2ee8

40. If the resistance R is removed from the circuit. Then,
a) power consumed by 2R will increase

b) power consumed by 6R will increase

c) Both (a) and (b) are correct

(
(
()

(d) Both (a) and (b) are wrong

Hints & Solutions

is
1. (d) Electric potential of the common centre, 1
b i, S92
dmeyh ATl

(o)
V=S xr+—xb
£
29 0 { q1=4nr12><c]

5 2
S h+sl q, =4ni; X O
)

2. (d) The magnitude of the electric di
p=gqx2l=(10% 107°)% (5
— 50x 107°cm

pole moment is
00x107%)

tre of the dipole.
The field is required at point far away el

The electric field at an axial point (end-on paosition) distant
r(=15 cm)from the centre of the dipole is

= (90x 109)2% (60x 109)

(5% 10:82
=2.66x 10°NC™!

3. (d) Blectric field between the two plates is perpendicular to the
surface of the conductor as shown, therefore, the effective
area of the capacitor is A,.

c=584
d

MWW . N0oVADC Ol1]
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4. b he(negative) charge on the drop 18
2% (16%107"%)

(®] 126

1§

192%x107°C

The density of oil is

p=126g-cm 126 % 10° kg-m™
The mass of the drop is
I
m = volumex density rep,
3
where, r is the radius of the drop in metre
The electric field is

E=255x10'NC™

The field E is directed vertically downwards so that the negatively
ged drop experiences an upward electric force gE which
jlownward gravity force mg on the drop

balances the

R
us

4
1Y p(/'

3q £
.inp(j )

tituting the given

values, we get

: 2 1
3x (192 % 107'8)x (2.55x 10%))

& et : m
4% 314% (1.26x 10°)x 9.81

= (0946% 107"8)/*m = 0981x 107° m

981% 107 mm

5. (d) Net work done = Final PE — Initial PE
= Q3 _ Q9 _ e
4me,l  Amegl
6. (a) Magnitude of a dipole moment is
p=qd
or = (160% 107%)(4.30% 107°)
=688x 1072 Cm

7. (b) At a point on the axis of a uniformaly charged disk at a distance
xabove the centre of the disk, the magnitude of the electric field is

L AR ST
28 \/x2 + R*
1
But E = O suchthat — = —
2£0 C 2
X 1
Then, 1-- 7 / — =
J¥ pRF &
X -
or =

Squaring both side, we get
!
X +R? 4

10.

JEE Main Physics inJust 40 Days

oo ol 1
X2 =2+ -
or 4 4
s TR
= X° = —
Tth, 3
oty
V3
: 4
(¢) Here,q = 8x107°C.C = 100uF =107 F
v e 8/'101 e 8x 10~ volt

C 10
1 18 114
Energy stored = ;(JV = : x 8x 107" x 10

32

=32 x 10
Work done =2 x Energy stored
= 64x 10 % J

-+ Half energy is always wasted in the form of heat/
electromagnetic waves while charging the capacitor

. (¢) Let mand g be the mass and the charge of the drop and £

the intensity of electric field between the plates. Since, the
drop is in equilibrium, the electric force g E acting on it
balances its weight mg. That is

gE = mg

If the potential difference between the plates is V and the
distance between them is d, then E = V/d.

q(Vid)=mg or V=mgdly
Here, m=48x107"° g = 48x 107 '%kg,
g=98Nkg™\d =1.0 cm=10x102mand
o) =240 e
v = 48x107%)x 98x (10x 102
2.4x1078 >
= 196x 10* V

‘ plates, the electric forceq E will
: . Then, the acceleration of the

drop is
a=9E+mg
m
But gE = mg
8=29 =196 mg=
(b) Since each charge distance from centre ¢ = Ra_ a
Ao 22 20 20 2Q 20 X - .‘
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D‘"J" 20

irom tne centre of the square towards

F _3x EU" — 15x% 10°NC
g X0

Thus E=

Magnitude of the electrostatic force on a prlolun is
) E —oF = (160 1072 {52107
=24x107"°N
Magnitude of the gravitational force on the proton is
F. =mg = (167 x 107°")(9.8)
(7] B
= 164x 107N
The ratio of the force is ‘
F _ 24%107° _ 45510
F, 164x10°7
; o
14, (d) Electric field £ = iy
(9}

and electric potential ;
=V.—| Edx
Vel I 0 &

=y, ~ B

Unit Test 4 29

Here two surfaces are separated by Ax, then their potentials
differ in magnitude by

AVETENG= (’—(—F—]AX

2¢g;
2e,AV
Thus, A= =l
(o}
_2(885x10°%)(60)
010x 1070
=88x10°m
15. (¢) F =eE
By Newton's second law,
L Eel
Tm m

(160x 1079 )(2.00x 10%)

911x 107!

= 351x 10"°ms2

16. (b) Net potential at point P,

8me,

V‘

= 8,,{‘,5__§+§+§ = 9
Sl 26l e o @

17. (a) As the potential difference between point B and point D is

zero. So, bridge is balance bridge.

Be
For balance bridge, Ras _ Nec

18. (b) The resistances 2Q and 20 at the last terminals are

outside the circuit and so they may be ignored. Now, in loop 2,
the resistances 2.Q + 2Q), 4Q and PQ + 2Q)are in series.
Their equivalent resistance is 12 Q,which is in parallel with 6.
The equivalent resistance is
R’ — 6x 12 8
6+ 12

Similarly, in loop 1, the resistances 2. Q + 2Q),R’(= 4Q)and
2Q +2Q) are in series and these are in parallel with 6Q.
Hence, their equivalent resistance is

R” =4Q
Lastly, between the points A and B, the resistances 2Q,

R"=(4Q) and 2Q are in series. Hence, their equivalent
resistance is

2Q+4Q +20 =80

19. &) The arrangement is shown in the figure. The effective emf

in the circuit js

E= a5y 15= 80V
and the tota| resistance s

R= 05+ 025+ 225 = 30Q
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Hence, the current in the circuit is
| = E _30 _ 10A
R 80
. Potential difference across the terminals of the first cell is
\ V. =E—Ir = 1.5~ (1.0)x (0.5)
= o)V
Potential difference across the terminals of the second cell is
VA =R = (10)<1(@125) = 11125\,

A (0.30x% 0.500)
21. (¢) An ampere is coulomb per second, so
84 A-h = 84x 3600 = 30x10°C
The change in potential energy is
AU =qgAV = 30x 10° x 12

= 36x 10°J
22. (a) Potential difference per cm = _2Y_ _ 02 V/em
100 cm
100

Balancing length = e x 108 = 54 cm

23. (b) The current in the potentiometer wire AB is

AR
20+ 10

The potential difference across the potentiometer wire is
V = current x resistance = 0.2 x 20 = 4V
The length of the wire is|= 200 cm So, the potential gradient along

the wire is
LS 0o oy
[ 200
The emf 2.4V is balanced against a length L of the potentiometer
wire. That is
2.4 =Kl
or =
k
e D tooen
0.02
| G
24. (d) By using — =1+ —
g a8
00
100% 107 S
= s-20%0 119
9
25. (b) Resistance in parallel
| o 5
i =1,
| _ 50x100x 10°°
| ; ; (10— 100% 10°9)
I
= S=5%x10"Q
i

JEE Main PhySiCS in Just 40 Days

Current sensitivity
926. (b) Voltage sensitivity = ——<istance of galvanometer G
10 _
o G = > 5Q

Here, Iy = Full scale deflection current

= 15_0:15mA
10
V. = voltage to be measured
=150%x 1=150V
Uk &
Hence, = T_
g
__150 ¢
15%x 107
= 9995 Q
27. (d) Mass, M = Volume x Density = Al x d
or AT M
Id

/2
So, Ro
M
2 2 2
Thus, R SO
. Ml M2 3
SRE2oe
e
=27:6:1

28. (a) LetQ, and Qg be the charges on the solid and the hollow

conducting spheres respectively and R be the radius of each
sphere. When charge is givento a solid ¢

onducti i
appears on the outer surfaCe_ tlng Sphere, it

Far the calculation of electric field or
(whether hollow or solid) at a point
the charge behaves asifitis conce

potential due to a sphere
on or outside the sphere,

S ntrated at the centre of the
If V4 and V5 are potentials of two spheres, then
Ve L
dne, R
or el SO
4me
Since, Ve ey )
= A3
29 e
* (©) We know that

metallic ball, then 'bWhen Nigh ener

acquire positive ch
by the electric ang
Not oscillate,

: ‘ Qy X-rays beam falls on
aa:ll :/"t') emit the Photaelectrons, so ball will
rn% ] ef:agse of it the ball will be deflected

gnetic field present in X-rays. But it will
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30. (b) A capacitor does not discharge itself. In case the capacitor is
connected in a circuit containing a source of high voltage, the
capacitor charges itself to a very high potential. So, if a person
handles it without discharging, he may get a severe shock.
Dielectrics and insulators cannot conduct electricity but in case of
a dielectric, when an external field is applied, induced charges
appear on the faces of the dielectric. In other words, the dielectric

31.

have the property of transmiting electric effects without
conducting.

(c) The equivalent circuit is represented as,

This is balanced Wheatstone bridge hence, resistance in branch
MN is not taken into consideration. Hence, the equivalent
resistance between points A and Bis given by

ol il SRV
Fm @ E) )
1 2 1
or B FOC
Rm 2R R
5 =R
32. (a) Here, E=2V,/=§: 1A

33

34

and r=1Q

Therefore, V=E —Ir=2 —1x1= 1V
- 2
. (a) Since power delivered is P = VF

and initially resistance of filament would be less which would go
up with time due to increase in temperature, until it attains the
steady state. So, power drawn by bulb initially is more.

. (¢) The resistance of a wire is
Ri= p%,p being specific resistance
or Roc.fé_ or Rocl4 ('-'A=1tl’2)
r
Hence, when diameter is halved the resistance of the wire is
e g .0

4
4,

&)
Hence, its resistance will become 16 times.

Again from Eg. (i), we get

2

R e i or R e /—
A Al
or R o< [?

Therefore, on increasing the length resistance increases.

ing novaPDE (hitp://\www.novapdf.com/) B

35. (a) When a voltmeter is connected across the two poles of a

cell it draws a small current from the cell. So, it measures
terminal potential difference between the two poles of the cell,
which is always less than the emf of the cell.
On the other hand, when a potentiometer is used for the
measurement of emf of a cell it does not draw any current
from the cell. Hence, it accurately measures the emf of a cell.
Thus, a potentiometer is preferred over a voltmeter.

38. (b) Field across small cube = it
a

Field across cube of side 2a = 21

a
Ratio of fields = ¥ : =21
a 2a
37. )R = 2l for small cube R, = p.a7 =
A e Lz
For the other cube R, = p_2a_ =P
@a) 2a

Combination resistance *Rs = R; + R, :g p
a

Now, P=/°R

Further 1= g

E=§:4OV

39. (a) Current2A from the battery will be distributed in the circuit
. as shown in figure.

R 2R
——MWWA—AMAA——
A

6R
Yy S—
A

4

_“'—‘“—-‘—‘-4—

&

Now, from P = [°R, we have

PPy P, =(-§)2R :(%)2(2/%’):@)2(6/?)

=16:32:24=2:4:8
40. (a) Potential difference across 68 in still £ = 40 V. Therefore
power consumed by 6R will remain constant. P il
( . Potential
difference of 40 V was earlier in R and 2R and now it is only

across 2R. Or potential difference across 2R has i
as increased.
Therefore, power consumed by 2R will increase. o

N

Wiy o

2A
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Bitimes .
o Concept of Magnetic Field
o Biot-Savart Law and its
Applications
o Ampere’s Circuital Law
o Cyclotron
o Moving Coil Galvanometer

Magnetic Effect
of Current

Concept of Magnetic Field

In 1820, Oersted observed that a compass needle suffers, a deflection
when brought near a current-carrying wire. This means that, electric
current, that is electric charge in motion, gives rise to magneti’sm

On this basis the magnetic properties of a substance are attributed

the electronic motions (orbital and spin) in the atoms of the substq o
Due to these motions, each atom (s equivalent to a tiny curre i
and produces magnetic field. ntloep

In the unmagnetised state of the substance, the current loops are orj

random so that the magnetic fields mutually cancel. When the Ollj‘lented at
magnetised by some process, all current loops are aligned wi % Stlkll .Stance is
parallel to one another and currents circulating in the same directi eir planes
resultant magnetic field is produced. ection. Hence,
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Day 21 Magnetic Effects of Current

Oersted's Experiment

Oersted found experimentally that a magnetic field is
established around a current carrying conductor just as it
occurs around a magnet.

+ = /K dig K + - K
Conducting {
‘/ wire |
i — B A AR B AT s B
S N A {
S NV
No current, key is open When key is pressed  When key is pressed it

needle suffers
deflection.

suffers deflection in
opposite direction.

Biot-Savart’s Law and
its Applications

According to Biot-Savart’s law, the
magnetic field dBat a point P due to
a current element I d1is given by 5
T d l% v
dB = Ho ﬂu
4T i &
8 is the angle between d1 & r. <°F
inside

o - ¢ :
Here, —2 is a proporllonallly

constant having” a value of

1077 TmA " in free space.

The term |1, is known as the magnetic permeability of free

space, where [1, = 4T X 107 TmA . Dimensional formula

forp,is MLT?A™* ] .

Direction of magnetic field produced due to a current

carrying straight wire can be obtained by the following

rules.

(i) According to right hand thumb rule grasp the wire
carrying current in your right hand with your extended
thumb pointing in the direction of current. Then, the
fingers will curl around in the direction of the

magnetic field.

(ii) According to Maxwell’s cork screw rule, if we imagine
aright handed screw placed along the current carrying
linear conductor, be rotated such that the screw moves
in the direction of flow of current, then the direction of
rotation of the thumb gives the direction of magnetic

lines of force.

Magnetic Field due to Circular Current
Loop

If there is a circular coil of radius R and N number of turns,
carrying a current I through the turns, then magnetic field
at the centre of coil is given by

B= HONI
2R

If there is a circular arc of wire subtending an angle 8 at the
centre of arc, then the magnetic field at the centre point

B= M(i)
2R \ 21
5
OQ{\ |
R \//

At a point situated at a distance r from centre of a current
carrying circular coil along its axial line. The magnetic
field is

W NIR®
B = et
2(R* + 1)

Iy R A ey R
e
(0] ! e P

‘xi’r" izl

2
If r >> R, then at a point along the axial line B = “—ON—IJL

Ampere's Circuital Law

According to Ampere’s circuital law, the line integral of the
magnetic field B around any closed path is equal to K,

times the net current I threading through the area enclosed
by the closed path. Mathematically §B< dl=pg2l

Now consider the diagram below

®in
o
dl ©j,
@.
o,
®is

Here Y. I =1; +1I, — I

Hence, §B.d1 =Wy iy + 1 — 1)
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Applications of Ampere’s law

The followings are the few important applications of apere’s law may be given as

1. Magnetic field due to Straight Current
Carriyng Wire
The magnetic field due 0 a current carrying wire of
finite length at a point P situated at a normal distance r
is

X

™

From Ampere’s law, JD’ eli =0

T .
B ==Y (sin ¢, + sin ¢,)
4nr -

If point P lies symmetrically on the perpendicular
bisector of wire XY, then 0; = & = ¢ (say) and hence
i, :
B=-"".2sin¢

e J19)
_ Mylsin
2nr

For a wire of infinite length ¢, = ¢, = 90° and hence

B = ““[

2nr
When the wire XY is of infinite length but the point P
lies near the end X or Y, then ¢, =0° and ¢, =90° and

: 7
hence B = Eol.
4anr

When point P lies on axial position of current carrying
conductor then magnetic field at P,B =0

Wher wire is of infinite length, then magnetic field near the end will

e perpendicular bisector.

2. Magnetic Field due to a Thick (Cylindrical)
Wire

Let us have a thick cylindrical wire of radius R and
infinite length, which carries a current I. Then,

2nr
where r is the distance of given point from centre of
wire and r > R.

. : [
magnetic field at a point outside the wire B=“‘0,

JEE Main Physics in Just 40 Days

X B

d

R
Thick cylindrical wire

Magnetic field at a point inside the wire at a distance r
from centre of wire (r < R) is
e ol
2t R°
Magnetic field inside a hollow current carrying

conductor is zero.

3. Magnetic Field due to a Solenoid

A current carrying solenoid behaves as a bar magnet.
The face where current is flowing clockwise behaves as
south pole and the face, where current is seen flowing
anti-clockwise, behaves as north pole.

For such a solenoid, the magnetic field inside it is
uniform and directed axially.

(a) (b)

For a solenoid coil of infinjte length at a point on its
axial line, the magnetic fielq B =u,nI

where n is number of turns per unit length.

At the end of solenoid g = 1},lonI
2

AT the end field ig half of at the centre this is called
end effect,

Toroidal Solenoids

For a toroid (ie, a ring shaped closed solenoid)
magnetic field at any pojint within the core of toroid

B=1.nl = i
Konl, where n = P R = radius of toroid.

Print to PDE without this message by purchasing novaPDF (http://www.novapdf.com/)


http://www.novapdf.com/
http://www.novapdf.com/

Day 21 Magnetic Effects of Current

Force on a Moving Charge in
Uniform Magnetic Field

The magnetic force F,, acting on a charge ¢ moving with a
velocity v in magnetic field B is given by

Fn, =q[vxB]
The direction of force F,, is given by rule of vector product.

The force F,, is zero, if either (a) B=0 or

(b) v=0 or (c) g =0, i.e., the particle is neutral particle or
8 =0° or 180° i.e., motion of charged particle is parallel or
anti-parallel to the magnetic field.

The force F,, is maximum having a value F,, = qvB when
8 =90° ie., charged particle is moving in a direction
perpendicular to that of magnetic field.

Thus,magnetic field B may be defined by the relation
B

m

qv sin 6

Thus, STunit1 T =1NA ™ m .

Motion of a Charged Particle in a
Uniform Magnetic Field

1. (i) If a charge particle enters a uniform magnetic field
B with a velocity v in a direction perpendicular to
that of B(i.e.,0=90°), then the charged particle
experiences a force F,, = qvB. Under its influence
the particle describes a circular path such that

Radius of circular path r = B
qB

I eneralr—’—n—z—-p—
e “gB 4B

=m=_@—qv~}_fm’v
q

qB g8 B

where, p = mv = momentum of charged particle,
K = kinetic energy of charged particle and
V = accelerating potential difference.

(ii) The period of revolution of charged particle

2
i 2 frequency of revolution v = 9 or
gB 2nm

gqB

angular frequency ® = =—-
m
2. (i) If a charged particle is moving at an angle 6 to the
magnetic field (where 6 is other than 0°, 90° or
180°), it describes a helical path, where radius of
myv sin 6

helical path r = 5
gB

(ii) Revolution period T = 200
gB
or frequency v = by
2ntm )
(iii) Moreover, pitch (the linear distance travelled
during one complete revolution) of helical path is
given by
2mmvy cos 0

p=cosiBEi=
gB

3. If the direction of a v is parallel or anti-parallel to
B,6=0 or 6=180° and therefore F =0. Hence, the
trajectory of the particle is a straight line.

If the velocity of the charged particle is not
perpendicular to the field, we will break the velocity in
parallel (vy) and perpendicular (v ) components.
o T,
qB

pitch p = (vj)T

Cyclotron

It is a device used to accelerate positively charged particles e.g., proton,

deuteron, a-particle and other heavy

jons to high energy of 100 MeV or more. It utilises the principle that an electric field accelerates the charged

particles and a normal magnelicfield keeps

For continuous acceleration the cyclotrpn frequency V 18

arranged so that during the time 101 'corflple_tes_ a

semicircular path in a dee, direction of electric field is just
B

—_—

reversed. Cyclotron frequency V.=

Maximum energy

them revolving in circular orbits or constant frequency.

Maximum energy gained by the charged particle

2 n2

B : ;

I :[q r*, where r= maximum radius of the
2m

circular path followed by the positive ion.

obtained by the particle is in the form of kinetic energy.
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Magne_stic Force on a Current
Carrying Conductor

If a current carrying conductor is placed in a magnetic field

B'. then a small current element I dl experiences a force
given by dF,, = Idl x B

and the total force experienced by whole current carrying®
conductor will be

F,, = [dF,, = [I(dl x B)

The dire.ction of force when current element Idl and B are
perpe.ndlcular to each other can also be determined by
applying Fleming’s left hand rule or right hand thumb rule.

Force_ between Two Parallel Current
Carrying Conductors

Two parallel current carrying conductors exert magnetic
force on one another.

1 2 1 9
I ‘ Iy I Iy
> < o .
Fiz Fp B e
e B
(a) (b)

If two infinitely long parallel conductors carry currents I,
and I, respectively and are separated by a distance r, then
magnetic force experienced by length I of any one
conductor due to the other current carrying conductor is

Mo 2LD
4 7
= Woly Ly
21
Force per unit length
E =F = Lo 2l
1 i
= Wolyl,
21

[T?_ If conductors carries current in same direction, then force
between them will be attractive.

b |f the conductor carries current in opposite direction, then
force will be repulsive.

JEE Main Physics inJust 40 Days

Current Loop as a Magnetic Dipole

A current carrying loop (of any shape) behaves as a

magnetic dipole whose magnetig moment 1; gllven bg
M = IA, where I is the current flowing through the loop an
A the surface area of the loop.

If we have a current carrying coil having N turns, then
Smagnetic moment M of dipole will be M = NIA

Magnetic moment of a current carrying coil is a vector and
its direction is given by right hand thumb rule.

For given perimeter circular shape have maximum area.
Hence, maximum magnetic moment.

For any loop or coil B at centre due to current in loop
and M are always parallel.

Torque

The current carrying coil is equivalent to a magnetic
dipole.

T = NiABsin 6, where NiA is defined as the magnitude of
the dipole moment of the coil (p,,).

T = P, B

m

T=Pp, XB
Moving Coil Galvanometer (MCG)

MCG is used to measure the current upto nanoampere.

In MCG the coil is suspended between the pole pieces of a
strong horseshoe magnet.

The pole pieces are made cylindrical and a soft iron
cylindrical core is placed within the coil without touching
it. This makes the field radial.

In the plane of the coil always remain parallel to the field.

Therefore 6 = 90° and the deflecting torque always has the
maximum value

e = NBIA

A restoring torque is set up in the suspension fibre. If o is
the angle of trust, the restoring torque is

Tresl = CO‘
where C is the torional constant of the fibre.
When the coil is in equilibrium

= Ko

where, k =

A is galvanometer constant.

S A NS

20N
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Some Important Concepts Related to Moving Coil Galvanometer

Some of the important concept related to galvanometer, i.€.,C

used in galvanometer are given below.
Current Sensitivity

The current sensitivity of a galvanometer is defined as the
deflection produced in the galvanometer per unit current

flowing through it.
NBA
S/ = i —

C

o
[

urrent sensitivity, voltage sensitivity and some of conversions

Voltage Sensitivity

Voltage sensitivity of a galvanometer s defined as the
deflection produced in the galvanometer per unit voltage
applied to it.

Conversion of Galvanometer into Ammeter

Ammeter

An ammeter is made by connecting a low resistance S in
parallel with a pivoted type moving coil galvanometer G. S
is known as shunt. Then from circuit

jg xG=(i—ig) xS

= S:(Tlé}fJG
=g

So,S << G,only a small fraction of current goes through the
galvonometer.

Conversion of Galvanometer into Voltmeter

(V==

Voltmeter

A voltmeter is made by connecting a resistor of high
resistance R in series with a pivoted type moving coil
galvanometer G.

From the circuit,

5T Gun
E Gripri
/g

o R ol
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Practice Zone "5

. The magnetic field normal to the plane of a wire of n turns

and radius r which carries a current / is measured on the
axis of the coil at a small distance is from the centre of the
coil. This is smaller than the magnetic field at the centre by
the fraction

@/ 3)y?/h° (b) (3/2)r?h?

©) @2 /3)h*r? @) (3/2)h*/r*

. Magnetic field at the centre of a circular loop of area Ais B.

The magnetic moment of the loop will be
¢ BA BA(& 2 BA,’/,HZ
a) (b) - ©) —5

UoT Wom WoTt " <

3/2

¢ 224
Wom©

A deutron of kinetic energy 50 keV is describing a circular

orbit of radius 0.5 m, in a plane perpendicular to magnetic

field B. The kinetic energy of a proton that describes circular

orbit of radius 0.5m in the same plane with the same
magnetic fiela Is
(a) 200 keV (b) 50 keV
(c) 100 keV (d) 25 keV.
. A magnetic field 4x107°KkT exets a force

(4i + 3j)x 107°N on a particle having a charge 107°C and
going on the x-y plane. The velocity of the particle is
j (b) — 100i + 75]

(@) - 751 + 100j
i (d) 2] + 25i

(€)251i + 2]

. A proton and an a-particle enters a uniform magnetic field

perpendicularly with the same speed. If proton takes 25 s
to make 5 revolutions, then the periodic time for the
o-particle would be

(b) 25 us

(d) 5us

(a) 50 us
(c) 10us

. A uniform magnetic field B = BO] exists in space. A particle

of mass m and charge q is projected towards X-axis with
speed v from a point (a 0,0). The maximum value of v for
which the particle does not hit the Y-Z plane is

Bga b Bga
(a) 7 (b) Z
B

(C)_Bﬂ (@

am 2am

7. Through two parallel wires A and

A
/
/

AY

B, 10 Aand 2 A of currents
are passed respectively in opposite directions. If the wire A
is infinitely long the length of the wire Bis 2 m, then force on
the conductor B, which is situated at 10 cm distance from A,
will be

(@) 8x 107" N

(0) 8x 10°N

(©) 4x 107" N

(d) 4x10° N

8. A loosely wound helix made of stiff wire is mounted

vertically with the lower end just touching a dish of mercury.
When a current from a battery is started in the coil through
the mercury

(a) the wire oscillates

(b) the wire continues making contact

(c) the wire breaks contact just as current is passed

(d) the mercury will expand by heating due to passes of current

9. Two parallel long wires Aand B carry currents 4 and /5 (< h).

When /, and /, are in the same direction, the magnetic field
at a point mid way between the wires is 10 uT. If /, is
reversed, the field becomes 30 pT. The ratio /; / [ is

(@) 1 (b) 3

()2 (d) 4

10. A cell is connected between two points of a uniformly thick

circular conductor. /; and i, are the currents flowing in two
parts of the circular conductor of radius a. The magnetic
field at the centre of the loop will be

(a) zero (b) i—;(ﬁ —ip)

© E2 G+ 1) @i +1,)

11. A current carrying circular loop of radius R is placed in the

X=y 'plane with centre at the origin. Half of the loop with
x> 0is now bent so that it now lies in the y — z plane.

(a) The magnitude of magnetic moment now c[i?‘nSiE\li{sThS;emplar]
(b) The magnetic moment does not change

(c) The magnitude of B at (0.0. 2), z>>R increases

(d) The magnitude of B at(0.0. 2), z> >R is unchanged
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12. A long solenoid of length L has a mean diameter D. It has n

layers of windings of N turns each. If it carries a current /
the magnetic field at its centre will be '
(a) proporlionnl to D (b) inversely proportional to D
(c) independent of D (d) proportional to L

A‘coil. having N turns is wound tightly in the form of a spiral
with inner and outer radii a and b respectively. When a
current | passes through the coil, the magnetic field at the
centre 1S

@® o (b) 2X oVl
b a
©) BNl b d) ,EQ/L inP
2(b-a) a 2(b-a) a

14. Electrons emitted with negligible speed from an electron
gun are accelerated through a potential difference V, along
the x-axis. These electrons emerge from a narrow hole into
a uniform magnetic field of strength B directed along X-axis.
Some electrons emerging at slightly divergent angles as

shown. These paraxial electrons are refocussed on the

x-axis at a distance

——
B
Vo
2 2
8rn mVy . |8mtmVY,
@ —— (b) 4 z
3eB \ eB
e o s
" l2n®mVy @ [4n®mVg
\ eB? \ eB?

15. A current / flows through a closed loop shown in figure.

The magnetic field induction at the centre O'is

Bol
a) —2-0
@ 4nR

(b) ol g +sind)

4nR

pol i
) EO (m—0+ sin©
()41:9( )

ol
d ———(n—e+tane
( )ZnR )

o7

16. The magnetic induction at the centre O in the figure shown

is
At
I 9 .

(a)LOl(l__L

TG R
(b)Ed(l+L

4 \R, R

[
(C)H—%(Rw”ﬁz)

es a current . A particle of charge
ted with a speed v from @ distance
paration petween the wire

17. A long straight wire carri
+ g and mass m is projec
Xo as shown. The minimum S€

and particle is

Xo—»‘ I

= ey —mv2eg
a) xpe Hod ) x,.e *o
0 0
=TT
©) %e (d) zero

18. An electron moves in a circular orbit with & uniform speed V.
|t produces a magnetic field B at the centre of the circle. The

radius of the circle is proportiona\ to
4

(=}
B v
B p) L
(a)v UR@
\%
Y o=
© 5 ()\Jv

19. The cyclotron frequency of an electron gyrating in a
magnetic fieldof 1 T is approximately

(a) 28 MHz (b) 280 MHz
(c) 2.8 GHz (d) 28 GHz
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20. A 100 turn rectangular coil ABCD (in XY-plane) is hung from

21

22.

one arm of a balance (shown in figure). A mass 500 g is
added to the other arm to balance the weight of the coil. A
current of 4.9 A passes through the coil and a constant
magnetic field of 0.2 T acting inward (in XZ-plane) is
switched on such that only arm CD of length 1 cm lies in the
field. How much additional mass m must be added to
regain the balance? [NCERT Exemplar]

. Two long conductors separated by a distance d carry

current /; and /5 in the same direction. They exert a force =
on each other. Now the current in one of them is increased
to two times and its direction is reversed. The distance is
also increased to 3d. The new value of the force between
them is

(@-2F (b)
2

(c) i (d) —F

3 3

Two very thin metallic wires placed along X and Y-axes carry
equal currents as shown In figure. AB and CD are lines at
45° with the axes with origin of axes at O. The magnetic field
will be zero on the line

a
(b
(c) segment OB only of line AB

(@) AB
) CD
)

(d) segment OC only of line CD

. A current carrying loop is free to turn in a uniform magnetic

field. The loop will then come into equilibrium when its plane
is inclined at
0° to the direction of the field

(
(b) 45° to the direction of the field

a)
b)
(c) 90° to the direction of the field
(d

135° to the direction of the field

Directions (Q. Nos: 24 to 29) Ea

two

(Reason)- Each of
only one of which is the correc

JEE Main Physics inJusf 40 Days

ch of these questions contains

Statement | (Assertion) and Statement 1l
¢ these questions also has four alternative choice,
t answer. you have to select one of

statements

the codes (a), (b), (©), (d) given below

24.

255

20

28.

295

(a) Statement | is true, Staternent Il is true; Statement Il is the
correct explanation for Statement |

Statement | is true, Statement Ilis true; Statement Il is not the
correct explanation

(©) Statement | & true; Statement Il is false

(d) Staternent | is false: Statement Il is true

Statement | If @ charged particle is projected in a region

where B is perpendicular to velocity of projection, then the
net force acting on the particle is independent of its mass.

()

Statement Il The particle is performing uniform circular

: : %
motion, and net force acting on it1s ——
r

Statement | A uniformly moving charged particle in a
magnetic field, may follow a path along magnetic field lines.
Statement Il The direction of magnetic force experienced
by a charged particle is perpendicular to its velocity
and B

. Statement | The magnetic force experienced by a moving

charged particle in a magnetic field is invariant in nature just
like any other force.

Statement Il Magnetic force experienced by a charged
particle is given by F =q(v x B), where Vv IS the velocity of
charge particle w.r.t. frame of reference in which we are
taking F.

Statement | Cyclotron is a device which is used to
accelerate the positive ion.

Statement 1l Cyclotron frequency depends upon the
velocity.

Statement | Magnetic field due to a infinite straight
conductor varies inversely as the distance from it.

Statement Il The lines of electric force due to a straight
current carrying conductor are concentric circles.

Statemgnt.| If a proton and a-particle enter a uniform
magnetic field perpendicularly with the same speed, the

time period of revolution of a-particle will be double than
that of proton.

Statem i i . y
e ﬁant Il Time period of charged particle is given by
Bg
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Directions (Q. Nos. 30 t0 32) Two long parallel wires carrying
currents 2.5 A and | ampere in the same direction (directed into
the plane of the paper) are held at P and Q respectively such that
they are perpendicular to the plane of the paper. The points P and
Q are located at a distance of 5m and 2 m, respectively, from a
collinear point R (see figure).

P Q .

R— —————
C?z.SA:rl)f-rz:zmi 4
! rp=5m |

An electron moving with a velocity of 4 x 10°ms™ along the

positive  X-direction experiences a force of magnitude
3.2 x 1072°N at the point R.

Day 21 Magnetic Effects of Current

30. The magnitude of magnetic field at point R is
@25x107T () 5.0x 107" T
(€)5.0x10°T (d)25x10° T

31. The magnitude of magnetic field at point R due to current
I"=25A in wire P is

(@ 1x 107" T (0)2x 107 T

(€)8x 1077 T (d)4x107 T
32. The current / in wire Q is

@ 1A (b) 2 A

(©)3A d4A

AIEEE & JEE Main Archive

33. A current / flows in an infinity long wire with cross-section in
the form of a semicircular ring of radius R. The magnitude of

the magnetic induction along its axis is [AIEEE 2011]
(@) LOL (b) ol o) Kol d) Hol
2n’R 2nR 4R n’R

34. Two long parallel wires are at a distance 2d apart. They
carry steady equal current flowing out of the plane of the
paper as shown. The variation of the magnetic field along

the line XX is given by [AIEEE 2010]
B
Ny
@ x c O X
\ d d 1
B
Snai i
(B) X © € X
\ : K
— e
\ d Gl
B

Directions (Q. Nos. 35 and 36) A current loop ABCD is held
fixed on the plane of the paper as shown in the figure. The arcs BC
(radius = b) and DA (radius = a) of the loop are joined by the
straight wires AB and CD. A steady current [ is flowing in the loop.
Angle made by AB and CD at the origin O is 30°. Another straight
thin wire with steady current I; flowing out of the plane of the
paper is kept at the origin.

35. The magnitude of the magnetic field (B) due to loop ABCD
at the origin (O) is [AIEEE 2009]
(a) zero
b Bollb = a)
24ab

() o {b = ‘1
4t | ab

Rol lop—a)se ®
(d)zﬂzw a+ e+ b)}

36. Due to the presence of the current /; at the origin,
[AIEEE 2009]
(@) the forces on AB and DC are zero
(b) the forces on AD and BC are zero
(c) the magnitude of the net force on the loop is given by
_“_fﬁ’li[z(b-an By b)}
4r 3

(d) the magnitude of the net force on the loop is given by

Holh (b-a)
24ab
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37. Two identical conducting wires AOB and COD are placed at
right angles to each other. The wire AOB carries an electric
current /; and COD carries a current />. The magnetic field
on a point lying at a distance d from 0, in a direction
perpendicular to the plane of the wires AOB and COD, will

be given by [AIEEE 2007]
1/2
@ko(122) (0) 2o (2 + B)'2
o\ d ) 2nd ¥
Wo T o il o
() =2 (h+1) @) =0 (F 1 2
ol e R

38. A charged particle with charge g enters a region of
constant. uniform and mutually orthogonal fields E and B
with a velocity v perpendicular to both E and B and comes
out without any change in magnitude or direction of v. Then

[AIEEE 2007]

(a)v:Ex-i (b)v:Bx_E; (c)v:Eng: (kd\v:BxE

B* Bs E
39. A charged particle moves through a magnetic field
perpendicular to its direction. Then [AIEEE 2007]

(a) the momentum changes but the kinetic energy is constant

(b) both momentum and kinetic energy of the particle are not
constant

(¢) both momentum and kinetic energy of
constant

(d) kinetic energy changes but the momentum is constant

the particle are

40. Two thin, long, parallel wires, separated by a distance d
carry a current of / ampere in the same direction. They will
[AIEEE 2005]
5 Wole
(a) attract each other with a force of —
(2 nd)
[sle
(b) repel each other with a force of —2—
(2 md)

/
(c) attract each other with a force of 2o

2 rd<)
Kol

(d) repel each other with a force of -
@2nd<)

41. Two concentric coils each of radius equal to 2w cm are
placed at right angles to each other. 3A and 4 A are the
currents flowing in each coil respectively. The magnetic
induction in Wb m= at the centre of the coils will be
(Lo = 4rx 107 Wo A"m™) [AIEEE 2005]

@12x107 (0) 107° (©5x10° () 7x107

42. Two long conductors, separated by a distance d carry
currents /; and /, in the same direction. They exert a force £
on each other. Now the current in one of them is increased
to two times and its direction is reversed. The'distance is
also increased to 3d. The new value of the force between

them is [AIEEE 2004]
F

(a) -2F (0) e

S =5

w|m

JEE Main Physic

S inJust 40 Days

43. A particle of mass M an

44.

45.

46.

47.

moving with velocity v
R when subjected to a
duction B. The work
pletes one full circle

d charge Q

describes a circular path Qf rgdius :
uniform transverse magnetic ﬁgld of in
done by the field when the particle com

is [AIEEE 2003]
(@) LMV,S}Q R (b) zero

R
(c) BQ2nR (d) BQv2nR

A particle of mass m and charge g moves with a ?onstgnrt]
velocity v along the positive X-direction. l.t enters a reglt'J

containing & uniform magnetic field B directed along wt'r:e
negative Z-direction, extending from x=4a tq = e
minimum value of v required so that the particle can just
enter the region x > bis JAIEEE 2002]

, b-—a)B
(@) 3B o 2 E
m wlar
o 2B @ db+2B

Sl 2m

If in a circular coil A of radius R. current / is flowing and in
another coil B of radius 2 R @ current 21/ is flowing, then the

ratio of the magnetic fields, Ba and By produced by them,
[AIEEE 2002]

will be

(@) 1 (b) 2

(©) | (d) 4
2

If an electron and a proton having same momenta enter

perpendicularly to a magnetic field, then [AIEEE 2002]

(a) curved path of electron and proton will be same (ignoring
the sense of revolution)

(b) they will move undeflected

(c) curved path of electron is more curved than that of proton

(d) path of proton is more curved

Wires 1 and 2 carrying currents /; and /, respectively are
inclined at an angle 6 to each other. What is the force ond
small element dl of wire 2 at a distance r from wire 1 (a8
shown in figure) due to the magnetic field of wire 1?

[AIEEE 2002]

I

&)l =08 Mo o

( Sl /'tan 6 (b) é;%;/\bd/blna
Ko

c) =9 Ll,dl 2 :

(©) or 12 cos 6 (d) hir/‘lzd/sme

Sl

~ 2% RN
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ity v
o a
work
circle

2003]

F 2002]

, enter
E 2002]

AT

0
Y Q

Q

E 2002]

1. (d) 2. (d)
2. (&) d2. (¢)
21. (¢ 22. (a)
31. (a) 32 ()
41. (¢) 42, (¢)
L &= Ko 2ni

2= 4n r

So,

Do
>
sﬂ
@
3=

Also

Magnetic moment, M = /A

3. A —l&”,’f
Bg
or E, = 175 (2”71)
m m;

4. From Lorentz force

F=qg(vxB)
=(4i + 8])x 107" N, g =10°C

Given, F

B=4x102KT

(@i + 3j)x107"° =10%ai + bj)x (4x 107°)

Solving, we get

:?é"‘f‘x(/*)

E _\2miE
Bg

3HC)
43, (c)
Z33(C)
33. (d)
43. (b)

erl AR = _ o 2 menir®

4n(r +/7j

Ho

Ho \ T

28A i

HoT

a=-75b=100

~751 + 100j

/2

1/2

x 50 keV = 100 keV

4. (a)
14. (b)
24, (c)
34. (a)
44. (b)

Answers

5. (¢) 6. (a) 7. (b) 8. (a) 9. (c) 10. (a)
15. (d) 16. (a) 17. (a) 18. (c) 19. (d) 20. (b)
25. (d) 26. (d) 27. (c) 28. (b) 29. (a) 30. (b)
35. (b) 36. (b) 37. (b) 38. (c) 39. (c) 40. (a)
45, (a) 46. (a) 47. (c)

Hints & Solutions

5.

Time taken by to make one revolution = %5 =5us

2um. o To _Mp o G

As = i
gB L m g,

& Tzzﬂlﬂl:M:i:mps
mgd, my 29

. Here, the particle is projected in a direction perpendicular to the

uniform magnetic field, hence it will describe a circular path. The
particle will not hit the Y-Z plane, if the radius of the circular path
is smaller than a. For maximum value of v, the radius of circular
path is just equal to a. Hence,

MY _ g ot oe
Bg m
e -
7. As, F=Ho2hp . 107 X2X10X2 i aeiinmN
290k 01
9. Ho2h WS ions

10.

dr r 4w r

M’i+ HJ?L = 30“'['
4mr 4 r

On solving, /y =20A and /, =10A
So, Lifly, =2

The resistance of the portion PRQ will be R; = /;p

/2/ \

e

Resistance of the portion PSQ will be R , = Ip

Potential difference across Pand Q = LRA=IER

hhp=lylspor bl = 1,1, ()

Magnetic field induction at the centre O due to currents through
circular conductors PRQ and PSQ will be = B, - B,

= Ko hh SIN90° wy foly sin90° _
A 2 e, (DR
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11.

14.

15.

For a circular loop of radius R, carrying current [ in x-y plane, the
magnetic moment M = | x TR’ It acts perpendicular to the loop
along z-direction. When half of the current loop is bent in y-z
plange, then magnetic mom ent due to half current loop in X-y
1 (xR2 /2) acting along zdirection Magnetic

| (10 R? /2)

plane, M, =

jue to half current loop In y-Z plane, M, =

direction
Effe agnetic moment due to entire bent current loop,
M’ = M2 + M5 = |(InR" /2)" +(Im REI2) = fnt V2 <M

\

2

magnetic moment diminishes.

ie of B at a point on the axis of loop, distance z from
current loop in x-y plane is

i 2m/R®

B

4 (R + z°)*'°

Hoint distance z from the t
f part is in x-y plane and half part is in

= 1 7t/ R* |
B 0 [
\| 47 (R 7 |-
\ J
1 /R
=£ V2 <B
41t (R + )
=1 | which is independent of diameter D

> number of turns inadx,

n=— The magnetic field induction at the centre O due o

rough the entire spiral is

/ -
bl 1 \ v
Rl )
3 \ o I

o o 2mnldx _ W ’/n N 1(:/
B= =
J: dn X 41 \b—a ) X
|
, /
_Bo M oq, xf =t M iog, 2
41 (b — a) 2 1b a)

will be rPfoc sed after dmance equal to pitch.

2nm 87t mV
Pitch=VT=V—= e 20
Re= e~ e V eB?

eV, :.1rrw2

= Ho 1 @n —28)+ Ho (sin @ + sin6)

41 R cos 6

JEE Main Physics mJust 40 Days

at pointO = 0. Field

arts of wire
relonts loop of radius

ic field due to s
16. Magnetic field du et

a semicireular

due to ;
Ry B = Bl (® )= Wo! into the plane of paper: Field GUSHS
1 81 27[ 4/:1)1

i = i‘l/— outside the
semicwcuiar current loop of radius R 2. B, iR,

wll T
g [Rw R

plane of paper.

Net field
A 2 W ol Bol _ig v ol
17. F =q(ivy + ;v/)x{zfi; k} iq vy o Gy
F WolGVy
a,=x=—T0 2
m 2mxm
Y4
Xo—yi Vi
1 X
4
Also, ’ vy _ dvy OX_ Vx avy
at ax dt ax
Since, vi b \//3 =2

)

or 2v, dv, + 2v,av, = 0

= v, avy ==Vy av,
Hence, Zst = Yﬂ_ = &QV—Y
ax ax 2mXm
dx _av,2mm
= B
X Wi
Initially, x = X, and v, =0
At minimum separation v, = 0, Vy =V
Thus, J'X ax _ 2nm j—vdv
5 (el =0
= log R 2mmy.
Xo el
= S 2nmv
Kol

18. Equivalent current / = B
2nr

Hence, magnetic field at centre of circle
B=tol _lo eV _oev
2r 2r 2nr  4m

=0 ’=,u°ev=roc i
4nB B

|
|
|
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Bg _ 1x16x107°

19. Cyclotron frequency v = Sl o0 =
2rm  2mx 91x 107

=2.8x10'° Hz =28 GHz

20. Let the mass of coil = M
Mass added other arm = 500g = 500 x 10~ kg
Mass of coil = Mass in other arm (for balancing)
Mg = 500x 10" ® kg

M = 05kg
mg

— Mass of coll
500g | + force due to

magnetic field

When the current is switched on,
Current / = 49A

Magnetic field B = 0.2 T (XZ-plane)
Length of arm CD = 1cm

Mass added to balance = m

Let F be the force due to magnetic field.

The direction of magnetic field is inward in XZ-plane, the length
vector is left, so by using the Fleming's left hand rule, the
direction of force is downwards in the plane of paper

F=[(xB)=49(0.01x 0.2 sin 90°)

F=49%x001x 0.2 (i)
For batanciqg, mass of coil x g + force due to magnetic field
=500x10"°g + mx g
05% 98+ 49% 001x 0.2 = 500x 107° x 98 + mx 9.8
9.8 (0.5 + 0.001)=9.8 (05 + m)
m= 0.001kg=1kg
Thus, 1 g mass must be added to regain the balance

[Fran Eq. (i)]

21

Initial force F = Ho.. 22/‘7/7 (attractive)

4t
o 2@1),

4r (3d)

22. Along the line AB, magnetic field due to two wires is equal but in
mutually opposite directions (as per right hand thumb rule).
Hence, net magnetic field will be zero along the line AB.

and final force F’= [

(repulsive) = F’:i

23. In equilibrium state the plane of the loop is 90° to the direction of
the field. In this position angle between magnetic field B and
normal to the plane of coil is zero and hence torque
T = NAIBsin 0° = 0.

In this case, the charged particle performs uniform circular
motion and magnetic force is providing the necessary
centripetal force

24

mv?

ie., = = quB
r

2
MV is not the force acting on charged particle it is simply equal
r

to net force acting on the particle.

25. Statement | is false, as B is perpendicular to F, so particle cannot

follow magnetic field lines (tangent to which gives the direction
of magnetic field).

26

Statement | is false and Statement Il is true.
Magnetic force may have different value in different frames of
reference, that's why it is not invariant in nature.

Day 21 Magnetic Effects of Current

217.

28.

31.

32.

33.

Sl 72 I Jefo)
lotron f cyisgivenby v=—=——
Cyclotron frequency is g y =

It is obvious that cyclotron frequency does not depend upon
velocity of charged particle.

The magnetic field at a point due to current flowing through an

o : u
infinitely long conductor is given by B = TO =
T a

where a is the distance of that point from conductor. Now
according to right hand thumb rule it follows that magnetic field
is in the form of concentric circles, whose centres lie on the
straight conductor.

As, T= T = T << mand m «<2nm,

gB

. The magnitude of the force experienced by a particle of chargeqg

moving with a velocity v in a magnetic field B is given by
F =qvBsind

where 6 is the angle between v and B.
Given F =32x 107 N, v = 4x 10° ms~' and = 90°

For electron, g = 16x 107'°C

2

Using these value, we get B=5x 107" T

The magnetic field at point R due to current / in wire P is

g - M I 4nx 105 <28

Der ) o)
ZTh cTTX £

=1x 107’ T

The magnetic field at point R due to current / in wire Q is

Rl _ 4mx107 x|

B = = /07 1
27, 2m % 2
Both fields B, and B, will be in the downward direction, parallel
and colliner. Hence, the resultant magnetic field at point R is

B=B+B, =+/x107"T
Now, B=5x107"T. Therefore, 1+ /)x 1077 = 5x 1077
or IsR= 580 [=4A
Consider the wire to be made up of large number of thin wires of
infinite length. Consider such wire of thickness df subtending an
angle d6 at centre.

Current through this wire, of = gf /
T

- Magnetic field at centre due to this portion,

dB = Mo 2d!
it R

Net magnetic field at the centre

2 cosfde= 1 4

-x/2

>

/2
B £ NdBcosQ: LOIJ"[
-n/2 TI‘R

2n°R
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34. The magnetic field in between because of each will be:in
opposite direction
Hols Mo

oy L B belid 1
2nx  2m(2d — X) Somiixe 20— X

an between =
at x=4d, By petween = 0
For x < d' an between — (] ) and For x > d. an between — (_ J)
Toyvards X, net magnetic field will add up and direction will be
(~ j)and Towards x’, net magnetic field will add up and direction
will be ().

35. Net magnetic field due to loop ABCD at O is
B

. HOIXE+0_LO/XE:L0/_£(i:_i(b_a)

= [0)4r LU

4ma 6 b170)

36. The forces on AD and BC are zero because magnetic field due
to a straight wire on AD and BC is parallel to elementary length of

the loop.
37. The magnetic field inductions at a point P, A
at a distance d from O in a direction ,"P
perpendicular to the plane of the wires d,
due to currents through AOBandCODare o 4 D

)4
perpendicular to each other, is Oi I

I
Hence, B =+Bf + B2 |
B
2 T
4r d 4m d
= Boy ey
e e

38. As v of charged particle is remaining constant, it means force
acting on charged particle is zero,

ExB
BZ

So, g(vxB)=gE = VXB=E = v=

40. The force per unit length between the two wires is
oMl gﬁ = Holz

[ 4n d 2nd
The force will be attractive as current directions in both are same.

41. B _ Mol
AR
=
_4mx107 X4 _ 4501075 Wom2
2x 002w

JEE Main Physics i+ 40 Days

Woh _ 4mx 107 X8 _ 35107 Wbm ™2

LW e o
fo="p = 2x002r
—5,2
BB e 4x107°)% + (8x10 )
= 5% 107> Wbm™
42. Force acting between two current carrying conductors
o iy .0)
2w d

where, d = distance between the conductors

| = length of each conductor.

F’:”_O(__ﬂl@./:_tl&%/_?./ (i)

ol 2r 3d 2n 3d

Thus, from Egs. (i) and (ii), we have

E:-g — F’:.—gF
E 3 3

43. As, force (F)=qgv x B=qgv B sin 90° =qvB
Work done =F-d = F.dcos90° =0

44. if(b-a)=r
(r = radius of circular path of particle)

The particle cannot enter the region x = b.

So, to enter in the region x2 bor r = (b—a)
or ﬂz(b—a) or vx9b-aB
Bg m
b —a)B
Vinin = Q(_\a)

m

45. Magnetic field in cireular coil Ais B, = KNI
' 2R
Wwhere R is radius and / is current flowing in coil,

Similarly, By = _20N(2’) = Bl
‘(2R) 2R

Ba

Bg

=1

47. The cpmponent dl cos 8 of element dl is parallel to the length
the wire 1. Hence, force on this elemental component

F= u~E)"%(dlcos 0) = ”_OIL'M
<L . 2nr

r
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Current Loop as a Magnetic
Dipole

Bar ['/\a;’jﬂ (1

> Magnetic Field Lines

The Earth’s Magnetism
Magnetic Behaviour of
Materials

Hysteresis Curve
Electromagnet

Magnetism

Current Loop as a Magnetic Dipole

A current loop is equivalent to a magnetic dipole. If A(= na®) be the
area of the loop, then the magnitude of its dipole moment is
Doy = 24 = et

where a is radius of coil; iis current flowing through it

Y I)l“ .
‘=S ol
na- g
Magnetic field at the centre of a circular current loop is given by
Mol -
B=""% ii
o e ()

Putting the value of i from Eq. (i) in Eq. (ii), we get

B="Ho Pm
n o

This is the expression for the magnelic field at the centre of the current loop in
terms of its dipole moment.

Instead of circular loop, if there is a circular coil having n turn, its dipole moment
would be P, = niA = nind
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found to exist.

The simplest magnetic structure is the magnetic dipole characterised by a magne

Bar Magnet

In magnetism, isolated magnetic poles, similar to isolated electric

charges in electricity, have yet not been

tic dipole moment M.

A bar magnet exhibits two important properties, namely

(i)the attractive property, and (ii) the directive property.

A bar magnet may be viewed as a combination of two magnetic polesy
distance. The distance is known as the magnetic
f the bar magnet,then its magnetic moment is M= m
is from S pole towards N pole. ST unit of magnetic pole strength (m

magnetic length o
direction

magnetic dipole moment

If a bar magnet is broken, the fragments are independent magnetic dipole

Bar Magnet as an
Equivalent Solenoid

i The resemblance of magnetic field
lines for a bar magnet may be as a
i Jarge number of circulating current in i

analogy with a solenoid.

| The magnetic field (axial) at a point at ;

a distance r is given by
Lo nlla®

e

i and magnetic moment of solenoid is

M =n (21) Ina’

r"‘__".‘
| » Eve single electron moving in
orbit behaves as a magnetc
dipole and has 4@ definite
nagnetic moment
w Bohr magnetron IS the

magnetic moment due to the
orbital motion of an electron
revolving in the inner most orbit
(n =) Its value is

eh
4pm,

mg =

= 927x 1074 A-m?

(M) is ampere metre? (/-\m?‘].

uth pole, separated by some
the pole strength and 21 the
a vector whose

(Am) and of

north pole and 80

length of the given bar magnet. If m is :
(21). Magnetic moment 18

), is ampere metre

s and not isolated magnetic poles.

Magnetic Field due to a Bar Magnet

A bar magnet has a magnetic field around it. Magnetic
measured by a vector term B, whose SI unit is 1 tesla (1 T).

field is mathematically

The magnetic field in free space, at a point at a distance r from the given bar &

|

magnet (or magnetic dipole) |
1

‘

(i) Along its axial line
_ g oM

T (2D

and the direction of Bis the same as the direction of M. For a short dipole (or
for a far away point on the axis) when r > > I, the above relation is simplified
as (neglecting,)

ftio M

am 1°

(ii) Along the equatorial line of a magnetic dipole,the magnetic field B in free
space is given by

Mo o ,)_L
4am (r° + 123
If r > > I, the relation is modified as B= Ho ¥
4T

However, along the equatorial line, the direction of B i .
d K is o i
of M. pposite to tha

In genef-al,‘.m a.dlr.eCUOU making an angle 6 from with the magnetic axis, the
magnetic field is given by ]

ke M
B—Er—a (3cos® 6 + 1)

In these relations, | is a constant having a value of 4w x 10™7 T mA ! and it :
: : and it
is known as the magnetic permeability of free space l

For solenoid B = ,ni, where n is number of
; of turns i i the
current through it. of solenotit LS
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Magnetic Field Lines

A magnetic field line is a smooth curve in space, tangent on which, at any point, gives the direction of the

magnetic field at that point.

Magnetic field lines starts from north pole of a magnet and end at the south pole. However, within the magnet,
they move from the south pole to the north pole and form closed loops.

No two magnetic field lines can ever intersect each other.

Relative closeness of magnetic field lines at a given place gives the idea of magnetic field strength at that place.
If field lines are close to one another, it shows a stronger field and vice-versa.

Magnetic Dipole in a Magnetic Field

A magnetic dipole when placed in an uniform magnetic
field, does not experience any net force. However, it
experiences a torque given by
T=MxB

or T = MB sin 0
where 6 is the angle from the magnetic field, along which
the dipole has been placed.
Work done in rotating a magnetic dipole in an uniform
magnetic field from an initial orientation 6, to the final
orientation 6,, is given by

W = MB(cos 6, — cos 6,)
Potential energy of a magnetic dipole placed in a uniform
magnetic field, is given by

Ug=-M-B
=— MB cos 6
Thus, potential energy Uy =-— MB = minimum when

dipole is parallel to B and Uy = MB = maximum when
dipole is anti-parallel to B.

The magnetic compass (needle) of magnetic moment M
and moment of inertia I and allowing it to oscillate in the
magnetic field. Then, its time-period is T = 2w~/ / MB

¥ Behaviour of a magnetic dipole in a magnetic field, is similar
I to the behaviour of an electric dipole in an electric field.

However, the constant is replaced by ol
€0 4w
» If a magnetic dipole is in the form of a wire or a thin rod,
when bent, its magnetic dipole moment M changes because

the separation between its poles has changed.

The Earth’s Magnetism

Magnetic Elements of Earth

Geographical L
north
Magnetic i o
north H 0
Geographical S
meridian L >
Magnetic N
meridian M= e %
Briilee s
o= R

+ Angle of Declination (o)

At a given place, the acute angle between the magnetic
meridian and the geographical meridian is called the angle
of declination (or magnetic declination) o at that place.

+ Angle of Inclination or Dip (3)

The angle of dip & at a place is the angle which the
direction of the earth’s total magnetic field B subtends with
the horizontal direction.

+ Horizontal Component of the Earth’s
Magnetic Field (B,,)
As earth's magnetic field, in general, is inclined at an angle

& with the horizontal direction, it may be resolved into
horizontal component B, and a vertical component By,

where B,y = Bg cos &
and By =Bgsind
= Be =+/B? + B2
and tand = By

H
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Variation of Magnetic
Elements of the Earth

At the magnetic equator, angle of dip is zero.
Value of the angle of dip gradually increases,
initially rapidly and then slowly, on going from
equator to magnetic poles. At the magnetic poles,
value of the dip angle is 90°. At the magnetic
equator, By =B cos0°=B; and at poles,
By = B cos90° =0. Similarly, at the magnetic
equator, By =Bysin0°=0 and at the poles,
By = B sin 90° = B,,. Magnetic elements of the
earth at a place change with time also.

Magnetic Maps
Magnetic maps show the variation of magnetic

elements from place to place. Some important
lines drawn on magnetic maps are

1. Isoclinic Lines
These are the lines joining points of equal dip
or inclination. The line joining places of zero
dip, is called an aclinic line or the magnetic
equator.

2. Isogonic Lines
These are the lines joining places of equal
declination. The line joining places of zero
declination, is called an agonic line.

3. isodynamic Lines
These are the lines joining places having the
same value of the horizontal component of
the earth’s magnetic field.

Neutra! Points

A neutral point is a point at which the resultant :
magnetic field is zero Following two cases aré of i
special interest. :

+ When a bar magnet is placed along the magnetic
meridian with its north pole pointing towards
geographic north, two neutral points are obtained
on either side of the magnet along its equatorial
line. If r be the distance of the neutral point, then
o M =By '
4r r° :

+ When a bar magnet is placed along the magnetic
meridian, with its north pole pointing towards the
geographic south, two neutral points are
obtained on either side of the magnet along its i

M
axial line. Hence, we have —i% ‘f_a’ =5

JEE Main Physics inJus+ 40 Days

Tangent Galvanometer

It is an instrument to measure el
are a vertical coil of conducting Wi
pivoted at centre of coil. The deflectio

ectric curren 4
wire and a small compass needie

n, 6 of needle is given by,

B
tan@=—
By
i 2r By =
Bl tan 0= Lo tan @ = K tan®
2r Kol
Important Terms Used in Magnetism
1. Magnetic Induction or Magnetic
Flux Density (B) :
Whenever a piece of magnetic substance is placeq in an ex’gernal
magnetising field, the substance becomes magnetls.ed. If By is tk%e
magnetic field in free space, then on placing the given magnetic
substance at that place, the magnetic field changes from By to B,
where B=, By
{B .ds is magnetic flux which is equal to gD inside: where
m 4, is the net pole strength inside a close surface.
For a dipole, Gauss’s law for magnetism is #B-ds =0 for a
closed surface.
. Magnetic Permeability (w)
It is the degree or extent to which the magnetic lines of induction
may pass through a given distance.
Magnetic permeability of free space W, has a value of
4 x 10~ TmA ™. However, for a material substance, absolute
permeability (1) has a value different then .
For any magnetic substance B ; =, = relative magnetic
permeability of that substance. Ho 0
Relative magnetic permeability |, is a unitless and
dimensionless term. For magnetic substance like iron,
w, >1000

Relative permeability of a diamagnetic substance is less than 1

(_u‘r <1), but it can never. be negative. Thus, 0 <u,k <1, for @
diamagnetic material. ;

. Intensity of Magnetisation (/)

Intensity of magnetisation of a substance is defined as the
magnetic moment induced in the substance per unit volume
when placed in the magnetising field. :

Thus, ==t

Vv

It is a vector and its SI unit is Am 2,

t. The essential parts

o



http://www.novapdf.com/
http://www.novapdf.com/

parts
eedle

arnal
s the
netic

to B,

here

or a

tion

N Of
ute

1etic

and

n 1
r a

the
me,

4. Intensity of Magnetising Field
or Magnetic Intensity (H)
It is a measure of the capability of external magnetising

field to magnetise the given substance and is
mathematically defined as

B
H=22 or H=8 He oo oy
Ho L Ho

Magnetic intensity H is a vector and its SI unit is Am ..
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5. Magnetic Susceptibility ()

Magnetic susceptibility of a substance is the ratio of the
intensity of magnetisation I induced in the substance to

I y
the magnetic intensity H. Thus, X, = e It is a scalar

term and has no units or dimensions.
Relation (i) IB=p (H+ I and (ii) p, =1+ %

Magnetic Behaviour of Materials

Diamagnetic Materials

These are materials which show a very small decrease in magnetic flux when placed in a strong magnetising field.
Hydrogen, water, copper, zinc, antimony, bismuth, etc.,are examples of diamagnetic materials.

¢ In a diamagnetic material, the net magnetic moment (sum of that due to orbital motion and spin motion of electrons) of
an atom is zero. The external magnetic field B distorts the electron orbit and thus, induces a small magnetic moment in

the opposite direction.

e Diamagnetic materials are feebly repelled in an external magnetic field and thus, have a tendency to shift from the

stronger to weaker regions of the magnetic field.

e The relative permeability of any diamagnetic substance is slightly less than 1 (i.e., i, < 1) and susceptibility has a small

negative value.

e Diamagnetism is an intrinsic property and does not vary with magnetic field B or temperature.

Paramagnetic Materials

These are the materials which show a small increase in the

magnetic flux when placed in a magnetising field.

Oxygen, air, platinum, aluminium, etc., are examples of

paramagnetic materials.

e In a paramagnetic material, the net magnetic moment of
every atom is non-zero.

o Paramagnetic materials are feebly attracted in an
external magnetic field and thus have a tendency to shift
from the weaker to the stronger regions of magnetic field.

o The relative permeability yt, , of a paramagnetic material
is slightly greater that one (u,>1). Magnetic
susceptibility x, of paramagnetic materials is positive.

o Paramagnetism is temperature dependent. According to
the Curie’s law, the magnetic susceptibility of a
paramagnetic substance is inversely proportional to its
temperature T'.

Mathematically,
CB
Am = T

where B is the external magnetic field and C is a constant,
known as the Curie constant.

Ferromagnetic Materials

These are the materials which are strongly attracted by a

magnetic field and can themselves be magnetised even in a

weak magnetising field. Iron, steel,nickel and cobalt are

ferromagnetic.

» These materials show a large increase in the magnetic
flux, when placed in a magnetic field. Thus, for them
i, >> 1. Accordingly ¥, is positive and large.

» Ferromagnetic materials exhibit all properties exhibited
by paramagnetic substances and by a much larger
nmeasure.

e Magnetic susceptibility of ferromagnetic materials
decreases steadily with a rise in temperature. Above a
certain temperature T, (known as Curie temperature),
the substance loses its ferromagnetic character and
begins to behave as a paramagnetic substance.

e Above the Curie temperature T., the magnetic

C

susceptibility of a ferromagnetic material varies as

- 1 e
m e TL] Xm ""(T _"T" )

where C is a constant. It is known as the Curie-Weiss law.
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Hysteresis Curve

A great deal of information can be learned about the magnetic properties of a
studying its hysteresis loop- A hysteresis loop shows the relationship between th ]
magnetic flux density (B) and the magnetizing force (H). It is often referred as B-H loop-

material by
e induced

; : . ; : ; — al
A ferromagnetic material can be easily mng’n(fzhsed by placing it in an extern
magnetising field H.

/

-~ f_j/ o
(

;
{
[ 7

Retentivity /| /
/

! C /
/O J/F H

yaw
D=t = Jﬁ"’/\(E

>

78l

/

Coercivity

Initially as H is increased, the intensity of magnetisation 1 developed in the material
increases non-linearly along the curve OA and reaches a maximum, known as saturated
magnetism. Now on reducing H, I follows the path AB.Point B corresponds to H=0 but I
has a finite positive value. This value of I is called remanence or retentivity or residual
magnetisation.

If direction of H is reversed and is gradually increased, H curve is along BC. Point C
represents the situation when I is finally reduced to zero. The reversed value of L,
represented by 0C, is known as the coercivity of the material.

On increasing H in the reverse direction further, graph CD is obtained. Now, if H is taken
back from its negative saturation value to its original positive saturation value a similar
I- Hcurve represented by DEFA is traced.

The whole graph ABCDEFA is a closed loop and known as hysteresis loop.

Electromagnet

When a soft-iron road is placed in the solenoid, the magnetism of the solenoid increases
hundreds of times. Then, the solenoid is called an electromagnet. It is a temporary magnet

=i
7RIV

:
|
4
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Practice Zone

1. Consider the plane S formed by the dipole axis and the axis
of the earth. Let P be point on the magnetic equator and in S..
Let Q be the point of intersection of the geographical and
magnetic equators. The declination and dip angles at P and
Q are
(@) 0°and 11.3°
(c) 11-3°and 6.5°

(b) 0°and 0°
(d) 11.8°and 11.3°

2. The current on the winding of a toroid is 2A. It has 400
turns and mean circumferential length is 40 cm. With the
help of search coil and charge measuring instrument the
magnetic field is found tobe 1T. The susceptibility is

(@) 100 (b) 290 (c) 398 (d) 897

3. The magnetic needle of a tangent galvanometer is
deflected at an angle 30° with respect to the magnet. The
horizontal component of the earth’'s magnetic field is
0.34x 10~* T along the plane of the coil. The magnetic
intensity is
@) 196x 107 T
(c) 196x 10> T

(b) 196x 10* T
(d) 196x 10° T

4, A magnet of length 14 cm and magnetic moment M, is
broken into two parts of length 6 cm and 8 cm respectively.
They are put at right angles to each other, with opposite
poles together. The magnetic moment of the combination is

(a) M/10 (b) M (c) M/1.4 (d) 28 M

. If the areas under the /-H hysteresis loop and B-H hysteresis
loop are denoted by A, and A, then i ]
@ A,=p A (b) A,=A; (©) Ay= ;TJ (AT =1 AL
0
6. A bar magnet of length 10 cm and having pole strength
equal to 107 Wb, is kept in a rnagnetrc field having
magnetic induction B equal to 4w X 1072 T. It makes an
angle of 30° with the direction of magnetic induction. The
value of the torgue acting on the magnet is
(a) 0.5 N-m (b) 2mx 107> N-m
(€) ©x107° N-m (d) 05x 102 N-m

%

7. Two magnets Aand B are identical and these are arranged

as shown in the figure. Their lengths are negligible in
comparision to the separation between them. A magnetic
needle is placed between the magnets at point P and it gets
deflected by an angle 6. The ratio of distances d; and ds,
will be

: ,
I
]
A ; i
— | s
g

I
1
i i i
| 1
1
e d1——-—>(<—— d2—>:

(@) @cote)’® (b) (2tan)® (c) @cotey"®(d) @ tan6)

8. A bar magnet has pole strength 3.6 A-m and length 12 cm.
Its area of cross-section is 0.9 cm?. The magnetic field B at
the centre of the bar magnet is
(@)i6 0] (b) 5x 1072 T
(©)25x 1072 T (d)25%x 108 T

9. The magnetic susceptibility of a paramagnetic substance at
—73°C is 0.0060, then its value at —173°C will be

(@) 0.0030 (b) 0.0120 (c) 0.0180 (d) 0.0045

10. A deflection magnetometer is adjusted in the usual way.
When a magnet is introduced, the deflection observed is 6,
and the period of oscillation of the needle in the
magnetometer is T. When the magnet is removed, the
period of oscillation is T,. The relation between T and T is

(@) T? =T2 cos @ (b) T=T,cos®
0 0

T T2
@ F= 0 =
© cos @ @ Cose

11. Two magnets are suspended by a given wire, one by one.
In order to deflect the first magnet through 45°, the wire has
to be twisted through 540° whereas for the second magnet,
the wire requires a twist of 360° for producing the same
deflection. Then, the ratio of magnetic moments of the two
is
(@) 11/7

(b) 3/2 (c) 4/3

12. The plane of a dip circle is set in the geographic meridian
and the apparent dip is 8. It is then set in a vertical plane
perpendicular to the geographic meridian. The apparent dip
angle is 8,. The declination 6 at the place is
(@) 8=tan™ (tan$, tand,)

(b) 6=tan™ (tan§, + tand,)

(d) 7/6

(d) 8=tan™" (tan§; —tand,)
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13. A bar magnet suspended By a suspension fibre, is placed

in the magnetic meridian with no twist in the suspension
fibre. On turning the upper end of the suspension fibre by
an angle of 120° from the meridian, the magnet is deflected
by_an angle of 30° from the meridian. Then, the angle by
whnch the upper end of the suspension fibre has to be
twisted, so as to deflect the magnet through 90° from the
meridian is

(@) 270° (b) 240° (c) 330° (d) 180°

14. An iron rod of length L and magnetic moment M is bent in
the form of a semicircle. Now, its magnetic moment will be

() M (il M @ Mn

T 9

5. A magnetic dipole of magnetic moment M is rotated
through 360° in a magnetic field B. The work done will be

(a) MB (b) 2MB () 2nMB

16. A short magnet oscillates with a time period 0.1 s at a place
Where horizontal magnetic field is 24 pT. A downward
current of 18 A is established in a vertical wire 20 cm east
of the magnet. The new time period of oscillator
(@ 0.1s (b) 0.089 s
(c) 0.076 s (d) 0.057 s

(d) zero

17. A short bar magnet placed with its axis at 30° with a
uniform external magnetic field of 0.16 T, experiences a
torque of magnitude 0.032 J. The magnetic moment of the
bar magnet will be
(@) 0.23 JT'

(c) 0.80 JT~'

(b) 0.40 JT
(d) zero

18. There are two current carrying planer coils made each from
wire of length LG is circular coil (radius R) and C, is square
(side a). These are so constructed that they have same
frequency of oscillation when they are placed in the same

uniform magnetic field B and carry the same current.
[NCERT Exemplar]

The value of a in terms of R is
(a) 3R (b) ~/3R

19. M and M+/3 are the magnetic dipole moments of the two
magnets, which are joined to form a cross figure. The
inclination of the system with the field, if their combination is
suspended freely in a uniform external magnetic field B is

—
>

©)+2R (d) 2R

Y

PN
B

(b) @ = 45°
(d) B =15°

(a)8 = 30°
(c) 8 = 60°

20. Two bar magnets of the sa

21.

22.

Divections (Q. Nos. 23 to 25) Each of these questions contains
two statements
(Reason). Each of these questions also has four alternative
choices, only one of which is the correct answer. You have to
select one of the codes (a), (b), (c), (d) given below

23

24

258

.
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me mass, same length an

; : ments M and A,
breadth but having magnetic mopole to pole and §

4 o her A
tively are joined together semblyina
;iss%?;dedyby a string. The time period of the as yina =

the polarity -
magnetic field of strength H'is 3 secondsil’zfe ngc\;vmbinationlz 4
of one of the magnets is reversed and £ e e
again made to oscillate in the same ;

oscillation is

(@) 3s () 3/3s (o) 3W3s et
A bar magnet 8 cm long, is placed in E ma%r;etrllci;cal ndrtr? :
with the N pole, pointing towards the‘geoge %f o aré .
Two neutral points, separated by a dlStanﬁ magnet. [f
obtained on the equatorial axis of the agnet is
B, =32 x 107° T, then the pole strength of the mMag

(b) 10A—cm§
(d) 20 A-cm

(d) 65

(@) 5A-cm?
) 25A-cm?
A coil of 50 turns and area 125 x 10™° m? is pivoted abouta

vertical diameter in an uniform horizontal magnetic fteld and
carries a current of 2 A. When the coil is held with its plane
in the N-S direction, it experiences a couple of' 0.0fl Nm,
and when its plane is along the east—wes? c_jlrectan, .It
experiences a couple of 0.08 Nm. The magnetic inductionis

(@) 02T () 03T ) 05T (d) 04T

: Statement | (Assertion) and Statement |l

Statement | is true, Statement Il is true; Statement Il is the |
correct explanation for Statement | i
(b) Statementlis true, Statement Il is true; Statement Il is not the
correct explanation for Statement |

Statement | is true; Statement Il is false

Statement | is false; Statement Il is true

(@)

©
(d)

Statement | A current carrying loop is free to rotate. It is
placed in a uniform magnetic field. It attains equilibrium

when its plane is perpendicular to the magnetic field.

Statement Il The torque on the coil is Zero when its planeiis
perpendicular to the magnetic field.

Statemgntll A proton and an alpha particle having the
same kinetic erjergy are moving in circular paths, in an
uniform magnetic field. The radii of their circular paths wil
be equal.
Statement Il Any two charged particles having equal kinetic

lon of uniform magnetic field B,
trajectories of equal radii.

Statement | Cyclotron is a

device which i to
.uelerate the positive ion, IS Lecoll

Statement i
velocity.

Cyclotron frequency depends upon the
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Directions (Q. Nos. 26 to 28) The force experienced by a
particle of charge g moving with a velocity v, in a uniform
magnetic field B, is given by, F=vxB, which is p,erpendicular to
both v and B. Since, F is perpendicular to v, no work is done on
the charged particle moving in an uniform magnetic field. If v is
perpendicular to B the force cannot change the kinetic energy of
the particle. Hence, the magnitude of v cannot change, only the
direction of motion changes continuously. These are e;<actly the
conditions for uniform circular motion. Thus, if v is perpendicular
to B, the charged particle follows a circular path whose radius is
given by
o
gB
The frequency of revolution of the particle along the circular path is
given by
gB

W =
2nm

323

26. A proton and an alpha particle are projected perpendicular
to an uniform magnetic field with equal velocities. The mass
of an alpha particle is 4 times that of a proton and its charge
is twice that of a proton. If r, and r, are the radii of their
circular paths, then the ratio 7,/r, i

(8) 1/42 (0) % ©) 1 (d) 2

27. In Q. 26, what is the ratio r,/r,, if the two particles have

equal kinetic energies before entering the region of the
magnetic field?
& 5 © V2

(0) 1 (d) 4

28. In Q. 26, what is the ratio r,/r, if the two particles have
equal linear. momenta before entering the region of the

magnetic field?

(@) 1 (b) 2 ©2 (d)22

AIEEE & JEE Main Archive

29. The earth’s magnetic field lines resemble that of a dipole at
the centre of the earth. If the magnetic moment of this
dipole is close to 8x 10% Am?, the value of earth's

magnetic field near the equator is close to

(radius of the earth = 6.4 10° M) [JEE Main Online 2013]

(b) 1.2 gauss

(@) 0.6 gauss
) (d) 0.32 gauss

(c) 1.8 gauss
30. A particle of charge 16x 107'°C moving with velocity
10 ms~! along x-axis enters a region where magnetic field of
induction B is along the y-axis and an electric field of
magnitude 10* Vm™" is along the negative z-axis. If the
charged particle continues moving along X-axis, the
magnitude of Bis [JEE Main Online 2013]
(a) 16x 10° Wh m ™2 (b) 2% 10° Whm ™
(c) 1x10° Whm™ (d) 4x10° Whm™

31. Two short bar magnets of length 1 cm each have magnetic
moments 1.20 Am? and 1.00 Am? respectively. They are
placed on a horizontal table parallel to each other with-their
N poles pointing towards the south. They have a common
magnetic equator and are separated by a distance Qf
20.0 cm. The value of the resultant horizontal: magnetic
induction atthe mid-point O of the line joining their centres
is close to (Horizontal component of the earth’'s magnetic
induction is 36x 107> Wb/m?) [JEE Main 2013]

(@) 3.6x107° Whm?

(b) 2.56x 107 Wo/m?
(c) 3.50% 107" Wh/m?
(d) 5.80x 107* Wo/m?

32. Relative permittivity of a material are &, and L, respectively.
Which of the following value of these quantities are allowed
for a diamagnetic material? [AIEEE 2008]
@e =05wp, =15 (b) g, =15p, =058
() e, =05pn, =05 (d)g =15p, =15

33. Needles N, N,and N; are made up of ferromagnetic,
paramagnetic and diamagnetic substances respectively. A
magnet when brought close to them will [AIEEE 2006]

(a) attract Ny and N, strongly but repel Ng

(b) attract N, strongly, N, weakly and repel Ng weakly
(c) attract N, strongly, but repel N, and N5 weakly

(d) attract all three of them

34. A magnetic needle is kept in a non-uniform magnetic field. It
experiences [AIEEE 2005]
(a) atorque but not a force

(b) neither a force nor a torque

(c) aforce and a torque

(d) aforce but not a torque

35. The materials suitable for making electromagnets should
have [AIEEE 2004]
(a) high retentivity and high coercivity
(b) low retentivity and low coercivity
(c) high retentivity and low coercivity
(d) low retentivity and high coercivity

36. A magnetic needle lying parallel to a magnetic field requires
W units of work to turn it through 60°, The torque needed to
maintain the needle in this position will be [AIEEE 2003]

(@) BW () W (©) (ﬁ]w (d) 2w

2
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Answers b

1. (a) 2. (d) 3. (o) 4. (o) 5. (a)
11. (a) 12. (c) 13. (a) 14. (b) 15. (d)
21. (a) 22. (d) 23. (a) 24. (c) 25. (c)
31. (b) 32. (b) 33. (b) 34. (c) 35, (c)

Hints & Solutions

1. P is in the plane S, needle is in north, so the declination is
zero.

()
NS
SN1:32 Me_,p

P is also on the magnetic equator so the angle of dip = 0,

because the value of angle of dip at equator is zero Q is also

on the magnetic equator, thus the angle of dip is zero.

As earth tilted on its axis by 11.3°, thus the declination atQ is

1185,

400 = 400
2nR 40 x 1072
W =ni =1000 x 2 =2000

B=pol 1
1 .
= ok, :m:5x10 ¢
ST L ST
H, =

T 0 o)

2. As, n =1000

= 398

= =l —i=897
3. As, B=B tan6

B =0.34x10~* tan 30°

=034x107* ol

3
B=196x 107 T

B M
4. Pole strength of the original magnet, m = T

Effective distance between the poles = AB

=./6% + 8 =10cm

. Magnetic moment of the combination
M"=m.2/=M><1O=M
14 14

0. (a)
9. (b) L
6. (a) 7. (@ 8. () o) 20. (b)
18. (@) 1
16. (¢) 17. (b) £ 9. (d) 30. (¢)
28. (©) 2
26. (b) 27. () d
36. (a)
'i
5. As,B=poH+1)
= dB:p.OdH+uod/
or §HdB:po§HdH+Ho§Hd/
§HaH =0
§HdB=HO§H-d/
Area of the B-H loop =, x area of /- H loop
€., Ay =LA
6. As,11m =107 Wb
g
=
Ho
Magnetic moment of the magnet,
M=mx 2/
-3
_ 1 q)
Mo
el
Mo
Now, T=MBsin6
flog .
:(\vu‘} x 4w x 107 sin 80°
Ho
=0.5N-m
7. B=Bytan6
Ko (2M Lo M
41t (dﬁj _[4 @ tan
2 _tan@
I
3
O ) e B gl
dp tan@ 2cot6
d,
—L_ 1/3
d, (2 cot @)
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m 36

= 4 s 4 -
A 08x10° X 10%Am

36
e = 79 1
4nd®  dm x (Bx 102y - POAM
M = Hy, + He

= H=Hy+ H =1592 A/m, towards S pole

B=u,H+1

=41 x 1077 (4 x 10* - 592)
=5x107° T, towards N pole
9. As, x,, = Y
=3 X = T;
X Iy
. y & 273 g%)
).0060 273-173
200
100
X2 =2 % 0.0060 = 0.0120
10. Since, F
\ My + H
° =T e
e
Also,” =lano
7 H
/ ,‘;\ \ Fe 4+ H
- ok cos 0
T =TZcos 0
11. As, 1=Co=MHsino

Ist case, ¢, = 540° - 45° = 495°
lind case, ¢, = 360° ~ 45° = 315°
C(495° )= M,H sin 45°
C(315°) = M,H sin 45°

Dividing Eq. (i) by Eq. (ii), we get

(1)

12. tan §, =
Hcos 6
2
A
0
\Hsin 0
v %
tan 6, = S
*" Hcos (90°-8) Hsin®
tan 9, _siné it
tand, cos 6
or 0= ta 1|
tan o,

13. As,t=Cd =MH sin @

14.

15.

16.

Ist case 6 =30°, ¢° =120° - 30° = 90°

lInd case C(d — 90°) = MH sin 90°

Dividing Eq. (ii) by Eg. (i), we get
¢—90°~MHsin90°=i:2

90°  MHsin30° 1/2
or & — 90° =180°
or & =180° + 90° =270°

When the bar magnet is straight, its pole strength is m =%

When bent in the form of a semicircle NS = L. - & ,hence new
T
magnetic moment of the magnet
v =mis) =M ;2 _2M

(L T T
Work done W = MB(cos 6; —cos 8,)

= MB [cos 8,

= MB [cos 6,
Given, By =24uT

—CO0s (360° + 6;)]
—C0s 8;]=0

p._/_2x10 x—1§—18uT
2nd 02

24 O1><2

current =

Now, =0.076s

18 A

< 20 cm
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17. As, =" 0.032

— e = 1
Bsin® 016 x sin 30° e

18.

(/A

C, = circular coll of radius R,
length L, number of turns per

unit length n; =
2m

Magnetic moment of

G =m; =nylA, Co=m, =n,lA,
L-|.mR" L
my=—— my,=—-:/-a
2nR 4a
LIR Lla
my = — i) s ==—
2 4

Moment of inertia of

== MR"

(i)
Frequency of C, = f, =2x @7
=il Ol \//T),B

e
Frequency of C, = f,=2r |—2

\m,B
According to question, f; =1,

e e

2n / =27 |[——

\VmB \\m,B
/; I

m, m,

my Iy
or -

my

Plugging the values by Egs. (i), (ii), (iii) and (iv)

Lla-2 _ Ma®-2
4x LR 12-MR?
a &
2R 6R?

3R=a

Thus, the value of ais 3R.

19. Torque (1) acting on the magnet (1) is

7, = MBsin®
1, =+/3MBsin®
For equilibrium, 1= T
MB sin® =~/3MB cos 8
= tan® = +/3 = tan 60°

= 6 =60°

Magnetic moment of

C, = square of side a and
perimeter L, number of turns

. L
per unit length n, = o5

20. At the pole, for the combination

21.

22.

23

.

JEE Main Physics inJust 440 Days :

M, =2M + M =3M, T =38
When the polority of one is reversed, then
M, =2M -M=M

/
TZ M. Sl = ZRF)
Thus we have, from 5 = M; ( MB

7—12
L _8v_g
= 7,12 M
T2 =377 =3%x9=27 |
TZ:J2_f=3J§S j
1
At the neutral point, B = By, e
Po f___:BH i
=y 2P !
M e
In CGS systemf(rg—Jr—/Z—)?,—,g— o |
mx2l 1
=2 (2 + 1272 == !
mx2x4 |
=3 (&P + 42)2 =032 ‘
8m I
— =0.32 .
= 2572
e B
8
Here, N= 50, A =125x 107° m?, / =2A
M = NIA
=50 x 2 x 125%x 1073
=025 A=m?

Ifthe normal to the face of the coil makes an angle 8 with the
magnetic induction B, the torque

T=MBcos6 =0.04 ... (1)

Now, when the plane of the coil is turned through 90°, the
torque becomes,

T=MBsin®=0.03

..(if)
Squaring and adding Egs. (i) and (i), we get
T=005=MB =005
005 005
B —_—— = = ]
IR {

The loop will rotate and come to rest when the torque acting
on it becomes zero. The magnitude of the torque acting on@

loop of area Aand carrying a current / in amagnetic field B, 18 ¢
given by t=BJAsin 6, where g s the angle between the "
direction of the magnetic field and the normal to the plane of 3
the coll. Itis clear that ¢ = Owheng =0,je. , When the plane of “
the coil is perpendicular to the magnetic field. 1
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24. The radius of the circular path is given by

myv
r=—_
gB
\5/7:7}(7
qgB
where, K = ! nw?

Since, K and B are the same for the two particles, r o i

q
Now, the charge of an alpha particle is twice that of a proton

and its mass is four times the mass of a proton, ~'m/q will be

the same for both the particles. Hence, r will be the same for
both the particles.

25. Statement | is true but Statement || is false.
m,V
26. AS. f.. == e
q,B8
m.V
and £ O
Qq B
1| 1 m,
e i e e d*i_l
4 gy 2 m, 4
, A ; [oK
27. Kinetic energy, K =— mv?, which gives v = [—.
2 V'm
Hence r=—=—+2mK
gB @B
I, .-
= — =2
o
28. Linear momentum p = mv. Hence,
mv
=
gB
;
= £ = dek =2
gB Iy

29.

30.

Using this relation we find that the correct choice is (c).

M 4 ) 273/2
As we know that — =~ @2 + 12)*? tan®

H Ho
which gives By, at equator =0.32 G
As, F=qvB
3
B E=10%Vm™
z

qE

10 ms™’

= —aad

Vi

Day 22 Magnetism

31.

32.

33.

34.

35.

For the particles, velocity to remain qvB =qgE

gL
1%
4
:£><1><1O3
10
=1x10° Whm™?
Bret =B +B, +By
B :“J(M7*2Mz)+BH
41 re
1@l .
sl ORI 2;'*1)+3.6><10"G
(0.1)

=2.56x 10~* Wh/m?

For diamagnetic material, 0 <p, <1 and for any material
£ =l

Ferromagnetic substances have strong tendency to get
magnetised (induced magnetic moment) in the same
direction as that of applied magnetic field, so magnet
attracts N; strongly. Paramagnetic substances get weakly
magnetised (magnetic moment induced is small) in the
same direction as that of applied magnetic field, so magnet
attracts V, weakly. Diamagnetic substances also get weakly
magnetised when placed in an external magnetic field but in
opposite direction and hence, N; is weakly repelled by
magnet.

Magnetic needle is placed in non-uniform magnetic field. It
experiences force and torque both due to unequal forces
acting on poles.

Electromagnets are made of soft iron. The soft iron has high
retentivity and low: coercivity.

W = MB(1 —cos 8)
= W = MB(1—ccs 60°) (-6 =602)
or W= i or MB=2W

Torque, T = MB sin 60°
_ MBY3

no
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Outlines ...
Concept of
Electromagnetic Induction

> Magnetic Flux (¢ )

»  Motional Emf

> Rotational Emf

> Self Induction

> Mutual Induction

» Eddy Currents

Electromagnetic
Induction

Concept of Electromagnetic
Induction

Electromagnetic induction (s the phenomenon due to which an
induced emf is set up in a conductor or in an electric circuit, on
changing the magnetic flux linked with it.

Magnetic Flux (¢5)

The magnetic flux linked with a given surface area is defined as the total hog
of magnetic field lines (lines of induction) passi : Ay

; g passing nor r 4
area. £ mally through the given

Mathematically, op = J-B-ds = '[ B Adx= J’B 5050

Magnetic flux is a scalar quantity. Outward magnetic flux is tak
X 18 taken

6 <90°) and inward flux is taken as negative (e, 0> 90°) as positive (i.e.

SIunit of magnetic flux is 1 weber (1 Wb), where
1Wb=1Tx 1m? =] T2

Dimensional formula of magnetic flux is [ML"‘T*2A-1]

i anc

...........
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Faraday’s Law of
Electromagnetic
Induction

According to the Faraday's law,

i an emf is induced in a circuit

i whenever magnetic flux linked
i with that circuit  changes
i (increases or decreases). The
i induced emf lasts so long as the
: change In  magnetic flux
i continues

| The magnitude of the induced
i emf is equal to the rate of change

i of magnetic flux linked with the
i circuit, /.e
adg
Induced emf|e | = —Si
at
i For N turns
‘ ddpg
el =
at

i However, if we consider the
direction of induced emf too, then

dog
at
i If the given electric circuit is a
: closed circuit having a total

| resistance R, then the induced
i current

e=-—N

e

R

et
/3 alf

i and induced charge

ag = ldt

N
i dog

Lenz’s Law

This law states that the direction
i of the induced current in a circuit

IS S0 as to oppose the cause of
i change in the magnetic flux
: Lenz’s  law s

strictly  in

i accordance with the law of
i conservation of energy.

Day 23 Electromagnetic Induction

Motional Emf

Let a conducting rod of length I be moving with a uniform velocity v perpendicular to

a uniform magnetic field B, an induced emf is set up. The magnitude of the induced
emf will be le|=Blv

X X + X X

If the rod is moving such that it makes an angle 6 with the direction of the magnetic
field, then |e|= B sin 6. Hence, for the motion parallel to B, the induced emf is

ZEro.
» W

| When a conducting rod moves horizontally, then an induced emf is set up between its ends due to

the vertical component of the earth's magnetic field. However, at the magnetic equator, induced
emf will be zero because B, = 0.
W If during landing or taking off; the wings of an aeroplane are along the east-west direction, an
induced emf is set up across the wings (due to the effect of By,).

Motional Emf in a Loop

If a conducting rod moves on two parallel conducting rails then an emf is induced

whose magnitude is |e| = B v and the direction is given by the Fleming's right hand
rule.

le| _Blv

Induced current |I| =
R R

Rotational Emf

Let a conducting rod of length I rotate about an axis passing through one of its ends (that
end may be fixed), with an angular velocity ® in a plane perpendicular to the magnetic
field B, then an induced emf is set up between the ends of the rod, whose magnitude is

: 10
given by le| = = Bl*w

Self Induction

Self induction is the phenomenon due to which an induced emf is set up in a coil or
a circuit whenever the current passing through it changes. The induced emf opposes
the change that causes it and is thus known as back emf,

~— Induced current
(make)

mmmvﬁ

— Induced current A R
(break) -

o -

H ——(o———WWAMWWWMA
K Rh

» [nductance is the inherent property of electrical circuits and.is known as the electrical inertia.

» An inductor is said to be an ideal inductor if its resistance is zero, A capacitor s said to be ideal if its
resistance is infinite.

» An inductor does not oppose current but opposes changes (growth or decay of current)

in the circuit.
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Self Inductance
Flux linked with thg coil is Noy o I or Nog = LI, where the constant L is kn

induction or self inductance of the given coil. It may be defined as the magnetic

a constant current of 1 A is passed through it.

Induced emf due to self inductione = — N Z,—q) =-—1L gi
t t

From this relation, self inductance of a coil/circuit is the magnitude of indu

change of current in the circuit.

SI unit of inductance is henry. Inductance is 1 henry if on changing the current at a rat

emf of 1 V is set up in the circuit.

as the coefficient of self ,
th the coil, when 3

own
flux Jinked Wi

ced emf produced per unit rate of

o of I AS an induced

Dimensional formula of self inductance (L) is ML*T2A ]

Method of Finding Self-Inductance of
a Circuit

We use the equation, L = Nog /1 to calculate the inductance
of given circuit.

A good approach for calculating the self-inductance of a
circuit consists of the following steps :

(a) Assume that there is a current i flowing through the
circuit (we can call the circuit an inductor).
(b) Determine the magnetic field B produced by the
current.
(c) Obtain the magnetic flux ¢z.
(d) With the flux known, the self-inductance can be found
from L = Nog /1.
To demonstrate this procedure we now calculate the self-
inductance of two inductors.

Magnetic Potential Energy
of an Inductor
1. Inbuilding a steady current in an electric circuit, some
work is done by the emf of the source, against the self

it
inductance of the coil. The work done W = o LI

2. The work done is stored as the magnetic potential |

energy of that inductor.

1 2
Thus, U= 5 LI

Formulae for Self Inductance

1. For a circular coil of radius R and N turns, the

self inductance
1 5
L = =WomN-R
2
9. For a solenoid coil having length I, total number of
turns N and cross-sectionalarea A
wyN2A
st
1

2
= | gl At

\t\vhere = \T

1
3. For a toroid of radius R and number of turns N
il 2
L=-u,N*R
2 Ho

4. For a square coil of side a and number of turns N

22
e

72
woN“a

Mutual Induction

Mutual induction is the phenomenon due to which an emf is induced in a coil when the current flowing

through a neighbouring coil changes.

Mutual Inductance

Mutual inductance of a pair of coils is defined as the
magnetic flux linked with one coil when a constant
current, of unit magnitude, flows through the other coil.

" Mathematically, — Nog, =M,

where M is known as the mutual inductance for the given

pair of coils.

Induced emf due to mutual inductance

82=—Nd¢82 :__Mdi
dt dt

b
4

Con

It i

For

\\'h4
Fo

For
the
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the

r of

L itual inductance for a pair of coils is numerically equal to
the magnitude of induced emf in one coil when current in the other
coil changes at a rate of 1 As™.

SI unit of mutual inductance M, is henry.

Mutual inductance of a pair of coils is maximum, when the two coils
are wound on the same frame. However, mﬁtual inductance i
negligible when the two coils are oriented mutually perpendicular tz
each other (figure). In this context we define a t Li

coefficient k. S

o :Q & s

1 MY gs <

f;mmr, 8 B [mmE
@ ®) ©

Coupling coefficient is given by
e 2 magnetic flux linked with secondary coil

magnetic flux developed in primary coil

It is observed that0 < k <1.
For a pair of two magnetically coupled coils of self inductances L, and
L, respectively, the mutual inductance

M,, = My, = M = kL L,

where k is the coupling coefficient.

Formulae for Mutual Inductance

1. Assuming the coupling coefficient k =1 and medium to be a free
space or air.
Mutual inductance of a pair of concentric circular coils is
M = E_UN‘INZTU%
2R
where, r = radius of the coil (of small radius)
and R = radius of the coil (of larger radius).

2. For a pair of two solenoid coils, wound one over the other

1 < Boao A
I
For a pair of concentric coplanar square coils
- 242 W oN,N, &
wb

where, a = side of the smaller coil and b = side of the larger coil.

For a given pair of coils, mutually coupled, then according to

theorem of reciprocity.
My, =M, =M

Day 23 Electromagnetic Induction ey

Combination of Inductors

If two coils of sel-inductances L and L, aré
placed quite far apart and are arranged in
series, then their equivalent inductance

o= S

However, if the coils are placed quite close 1o
each other so as to mutually affect each other,
then

Lo=L+ Ly £2M
Here, M has been written with & sign depending
on the fact whether currents in the two coils are
flowing in same sense or Opposite Sense.
If two coils of self inductances L and L, aré
connected in parallel, then equivalent
inductance L, is given by

R
L Ly
: L il
i B i,

In a parallel arangement, effect of mutual
inductance may be omitted because value of &
in this arrangement is quite small.

Eddy Currents

Whenever a changing magnetic field is appliedto a
bulk piece of a conducting material, due to change
in magnetic flux, cireulating induced currents are
induced in the material of the conductor Such
high magnitude of circulating currents induced in
the body of bulk conductors are called the eddy
currents

The production of eddy currents in a metallic
conductor leads to a loss of electric energy in
the form of heat energy.

Eddy currents can be minimised by taking the
metal (generally soft iron) core in the form of a
combination of thin laminated sheets or by slotting
process

Electric brake, speedometer, electric induction
furnace, AC induction motor, electrical energy
meter and dead beat galvanometer make use of
the concept of eddy currents.
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Practice Zone

N

0}
Q

O M
¢
N N

3. £
4. The inductance pe eng double tape line a
/\
Rk \
il : \
( \
,/\ a
g8 d
\ \\4//71
b\ \
\ I
= -
(2 i i D ,:;
g b) —
11 '8 ,\C
o) —— (d) —

5
=

5. A coil has an area of

. A conducting rod A B moves

DAY
3

0.065 m? and has 800 turns. Aftgr
: tic field of strength 4% 10

placing the coil in a magne ;
. : field, the coil is rotated by

Wb m=2, perpendicular to the ‘
90°in 0.1 s. The average emf induced 1S
(b) 0.016 V
(d) 0.082 V

parallel 1O x-axis in a uniform

‘netic field, pointing along the positive z-direction.

A and B are charged as shown in the figure

y

A B

bl

B & LS

Ei %

_—

| L

\ A -
(o) positive

Ais negative (d) B is negative, A is positive

[ circuit, switch is closed at t = 0. The change

s through the battery in one time constant is
R L

Vo
Vo€ it
(oY= ) Vo i
e e
R
(C) ; [ VQ[
\ (d\ =
Vo € Re

ias i el

|
|
|

. A short circuited coil is placed in a time varying magnetie

field. Electrical power is dissipated due to the current‘
induced in the coil. If the number of turns are quadrupoled |
and the wire radius is halved, the electrical power:?

dissipated in the coil, would be
(@) halved
(c) doubled

(b) the same
(d) quadrupoled
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9. A long straight solenoid with cross-sectional radius a and
number of turns per unit length n has a current varying with
time as /As™', The magnitude of the eddy current as a
function of distance r from the solenoid axis is

ﬂl,"n;‘\x fo""/r o) “*f/,”, o n a?.[

@) .
e 2a

Kol @
d)HEeE
2 or ) 2n

10. Two conducting circular loops of radii R; and R, are placed
in the same plane with their centres coinciding. If R, > R,
the mutual inductance M between them will be direcﬂy
proportional to

R R 2 2
Hy i) ;
(@) = (b) = 2 @ %
R, R R; Ry

11. Three identical coils, A, B and C are placed with their planes
parallel to one another. Coils A and C carry currents as
shown in the figure. Coils B and C are fixed in position and
coil A is moved towards B. Then, current induced in B is

nly when both the coils move
12. The magnetic field in a certain region is given by
B = (40 i—18k) gauss. How much flux passes through a
egion, if the loop lies flat on the

loop of area 50 cm*

n this
100pP O inmis

xy-plane?
(b) 900 107° Wb
(d)y 9 Wb

(a) - 900x 107° Wb
(c) Zero

13. A metal rod of resistance 20 Q is fixed along the diameter
of a conducting ring of radius 0.1 m and lies on the x-y
plane. There is a magnetic field B =| 50k|. The ring rotates
with an angular velocity o =20 rads ! about its axis. An
external resistance of 10 Q is connected across the centre
of the ring and the rim. The current through the external

resistance is

(c)—A (d) zero

4

14. An uniformly wound solenoid of inductance 18 X 10~*H and
resistance 6 € is broken into two identical parts. These
identical coils are then connected in parallel across a 15 V
battery of negligible resistance. The time constant of the
circuit is

(@) 3x10°s

(c) 15% 107%s

(b) 1 A
3

(b) 6x 107°8
(d)1.8x107%s

Day 23 Electromagnetic Induction

15. A uniformly wound solenoidal coil of self inductance
18x107* H and a resistance of 6 Q is broken up into two
identical coils. These identical coils are then connected in
parallel across a 120 V. battery of negligible resistance. The
time constant of the current in the circuit and the steady
state current through the battery is
@ 38x10°s,8 A
(0) 1.5x 107° s, 8 A
(c) 0.756x 107%s, 4 A
(d)6x10°s,2 A

16. A circular coil of radius 8.0 cm and 20 turns is rotated about
its vertical diameter with an angular speed of 50 rad/s in a
uniform horizontal magnetic field of magnitude 3.0 x 072 10
Obtain the maximum and average emf induced in the coil. If
the coil forms a closed-loop of resistance 10 @, calculate
the maximum value of current in the coil. Calculate the
average power loss due to Joule heating. [NCERT Exemplar]
(@) 0.012 W (b) 0.1 W
(c) 0.018 W (d) 0.42 W

17. A coil is wound in a transformer of rectangular
cross-section. If all the linear dimensions of the transformer
are increased by a factor of 3 and the number of turns per
unit length remains the same, the self inductance increases
by a factor of
(@) 3 (b) 9
(c) 27 (d) 8

18. An inductor coil stores 32J of magnetic energy and
dissipates it as heat at the rate of 320 W when a current of
4A is passed through it. The time constant of the circuit is
(@) 0.2s (b) 0.1s
() 0.3s (d)0.4s

19. The magnetic field as shown in the figure is directed into the
plane of paper. AXC Ais a semicircular conducting loop of
radius a with centre O. The loop rotates clockwise with
velocity » about an axis fixed at O and perpendicular to the
plane of the paper. The resistance of the loop is R. The
induced current is

/ AX X
X
()
X X X B
X (0)
X X X
X X X
(&
2 2
Wr Baor
pard b) —
()2R (b) R
-2R 2R
© d) —5
()er ()mrz
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Dlrectlons (Q. Nos. 20 to 24) Fach of these questions contains

tWo  statements Statement | (Assertion) and Statement |l
(Reason). Each of these questions also has four alternative
choices, only one of whic h'is the correct answer, You have to
select one of the codes (@), (b), (¢), (d) given below

(@) Statement | is true, Statement Il is true; Statement Il is the
correct explanation for Statement |

(b) Statement|is true, Statement Il is true: Statement Il is not the

correct explanation for Statement |
(¢) Statement [ is true: Statement |l is false

(d) Statement | is false; Statement Il is true

20. Statement | The mutual Inductance of two coils is doubled
if the self-inductance of the primary or the secondary coil, is
doubled

Statement I Mutual inductance is proportional to the

self-inductance of primary and secondary coils.
21. Statement | The energy stored in the inductor of 2 H, when
a current of 10 A flows through it, is 100 J.

Statement |l Energy stored in an inductor is directly
proportional to its inductance

22. Statement | An artificial satellite with a metal surface, is

moving about the earth in a circular orbit. A current is
Inauced when the plane of the orbit is inclined to the plane
of the equator

Statement Il The satellite cuts the magnetic field of earth

23. Statement |1 A coll A s c
connected to a voltmeter V and e o iy
V (~

an alternating current source. If a

the othe connected to
large copper sheet C is placed
N the two, coils, the
Induced emf in the coil Ais reduced

betw

Statement |l Copper sheet between the coils, has no
effect on the induced emf in coil A

24. Statement | A direct current (constant in magnitude and
direction) flows in a closed loop made of soft iron wire. This
closed wire will acquire a circular shape
Statement Il The loop changes its shape or moves in such
a manner that the flux linked with the loop is maximum.,

Directions (Q. Nos. 25 to 28) Magnetic field in a cylindrical
dB e s y

region increases at a rate of —/—) =005 Ts™". The radius of the
at

cylindrical region is R =3 cm . A concentric non-conducting ring

of radius r is placed in this region as shown.

A/'/ ///IRK\/’B

/

.

JEE Main Physics i+ 40 Days

uced electric field as a function of

25. The magnitude of the ind ol oraa by

distance r, from the centre is

£ =
4 & : &' J[
- r
= £ |
(©) ) /
/\\\\ ___l__> |
___‘7 r !

The direction of the induced electric field at the location of 3
the ring, is : : i
(a) tangential to the ring in a clockwise dlrectlovn :

(b) tangential to the ring in an anti-clockwise direction |
(c) radially inwards
(d) radially outwards |

26

By

|

; : R
27. Mark out the incorrect statement for the ring of radius r = >
(a) Emfinduced in the ring is 354 x 107> V.

(b) Current induced in the ring is zero
(c) The induced electric field lines are closed curves.

(d) Ifapoint charge is moved slowly along the circumference |
of the ring, then the work done by the induced electric ‘

field, on the charge in one complete trip, is zero “

28. The emf induced in the ring between the points Aand B, is
(a) zero (b) 7.08 x 1070
(c) 854 % 107° V. (d) 176 x 1078 \/

Directions Q. Nos. 29 and 30)

a and resistance R is placed in an external magnetic field. The

external field then decreases to zero, as a result of which a current

is induced in the loop. However, this current doesn’t become

zero at the instant when B stops changing, the reason for this can 1
be explained from the Lenz’s law. !
Using a rough approximation that magnetic field has the same

value at all points within the loop as that at the centre, answer the |
following questions ‘

A circular wire loop of radius

|

29. If current in the loop is iy att = 0 (the instant when external |

magnetic field stops changing), then fing the current in the
oop, as a function of time, fort » 2 :

2R i
(b)i=i,e Hora

(@) = 0always |
(©)i = Yol SR . . ' :
o (d) Information insufficient . |

|

30.,If loop has a resistance R =100 o and radius a=5cm,

then determine the time (from¢ = 0)
decreases to 1072/, ?

2
() &7 010

in which current in loop |

2
150 0 s
(©1s

(d) Question is irrelevant
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31. Two coils, x.and y are kept in close vicinity o feach other.
When a vgwlng current, /() flows through coil x, the induced
emf [V(®)] in coll Y, varies in the manner shown here.

The variation if /), with time can then be represented by the
graph labbelled as graph. [JEE Main Online 2013]

4 , 4

@ 1y | )
E// — =l

e t

© 1y i
- f — f

| |

32. A current / is flowing in a straight conductor of length L. The

magnetic induction at a point on its axis at a distance %

from its centre will be [JEE Main Online 2013]

ol

b O

(@) zero (b) ol
Woi Ao

C) — d) ——
© N2l NG

33. A coil is suspended in a uniform magnetic field with the
plane of the coil parallel to the magnetic lines of force.
When a current is passed through the coil, it starts
oscillating; it is very difficult to stop.

But if an aluminium plate is placed near to the coil, it stops.
This is due to [AIEEE 2012]

(@) development of air current when the plate is placed

(b) induction of electrical charge on the plate

(c) shielding of magnetic lines of force as aluminium is a
paramagnetic material

(d) electromagnetic induction in the aluminium plate giving rise
to electromagnetic damping

A rectangular loop has a sliding connector PQ of length /
and resistance R Q and it is moving with a speeQ v as
shown. The set-up is placed in a uniform magnetic field

going into the plane of the paper. The three currents /, I
and/ are [AIEEE 2010]

34

35.

36.

37.

38.

39:

40.

/

P
P
RQ RS RQ
I I
%4
Q
vV

l4

Bl 2Bl Blv , 2Bly
E) ==l =20 e bl = = =
NG R ()l 3R 3R
Blv Blv Blv
© =l =j=21Y ) e S
Y R Gt 6R 3R

An ideal coil of 10 H is connected in series with a resistance
of 5Q and a battery of 5 V. 2s after the connection is made,
the current flowing (in ampere) in the circuitis  [A1gee 2007]

@ (1-e) (b)e e d) (d—e™

The flux linked with a coll, at any instantt is given by
& =10t 50t + 250

The induced emf att =3 s, is [AIEEE 2006]
(@ —190V  (b)-10V ()10 V (d) 190 V

A long solenoid has 200 turns/cm and carries a current /.
The magnetic field at its centre is 628x 1072 Wbm™.
Another long solenoid has 100 turns/cm and it carries a
current //3. The value of the magnetic field at its centre is

[AIEEE 2006]
(b) 1.05x 10™° Wb m

(d)1.05% 107 Wom™

(a) 1.05x 107> Wom™
() 1.06x 107> Wom™

A coil of inductance 300 mH and resistance 2 Q is connected
to a'source of voltage 2 V. The current reaches half of its
steady state value in [AIEEE 2005]

(@) 0.05s (b)0.1s (d)0.3s

A metal conductor of length 1 m rotates vertically about one
of its ends, with an angular velocity of 5 rads™. If the
horizontal component of the earth's magnetic field is
0.2x 107*T, then the emf developed between the two ends
of the conductor is [AIEEE 2004]
(@) 5pV =
(c) 5mV

(c)0.15s

(b) 50V
(d) 50 mV

Two coils are placed close to each other. The mutual
[AIEEE 2003]

(a) the rates at which the current is changing in the two coils
(b) relative position and orientation of the two coils

(c) the materials of the wires of the coils

(d) the currents in the two coils

inductance of the pair of coils depend upon
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41. When the current changes from +2 A to -2 A in 0.05 s, an

JEE Main PhYSiCS in Just 40

emf of 8 V is induced in the coil. The coefficient of

self-induction of the coil is

(@) 0.2 H

(c)0.8 H

1. (a) 28 (2)
11. (b) 12. (a)
21. (b) 22. (a)
31.4(c) 32. (d)
41, (d) 42. (b)

e=Blv=B,lv

=1.5x10°x10 x10

=015V

(a) expands

42. If a current is passe

Days

o

g, then the spring
[AIEEE 20()2]41

b) gets compressed
(d) None of these

d through & sprin

(b) 0.4 H [AIEEE 2003] (c) remains same 1

(d) 0.1 H

Answers S

3. (d) 4. () 5. (b) 6. (©) 7. (@) 8. (b; 10. (0)  20. ()
13. (b) 14. (a) 15. (a) 16. (¢) 17. (¢) 18. (a 29. (b) 30. (@)
23. (c) 24. (a) 25. (b) 26. (b) 27. (a) 28. (d) 20. - 10
; 38. (b) 39. (®) : |
33. (d) 34. (b) 35. (d) 36. (b) 37. (a) |

Hints & Solutions

6. According to the Fleming's left

electrons in ABis
making it negativ

8=

2. Given, length of solenoid / = 30 cm = 30x 1072 m

Area of cross-section A

=25cm? = 25x107* m?

Number of turns N = 500

Current; =2.5A,1, =0

Brief ime dt =107 s

Induced emf in the solenoid
g0

dt

Magnetic field induction

(BA) (- 0=BA)

at

B at a point well inside the long So, resistance of

solenoid carrying current /is

|
|
|

hand rule, force on the freel
tom Bto A These electrons accumulate atAS
. End B becomes positive.

Yo

_(14.6\””1)
J’/df:Jr‘,\gL(1~e”f)dt
Yo o4 T —1)»\/7O ot
R R Re

a wire is given by R = Pl [A=7r?]
e

: 1 5 e _
B =yl (where. n = Number of turns per unit length = 7) €., R e = [p is aresistivity of a wire]
2 ° :
dB d N woN dl P—V n (nr)2
=NA—=A— —/ :A’"Q’“'i =— o = =arsd
L e (“" i ) It R 12 ,
—4 =7 500 2500 = 5 :
e =500x25x 107" x 4% 314x 10 xéofxﬁﬁéxﬁ—ﬁsv f:(ﬂ% x(rg X(/i
o) ) G
3. From, e=Blv .
-3 or e
V:i: 1‘5><_1_O____._:5m3_1 . r
Bl 0.3x107*x10 i :
ok = (g <[ o :
4, Neglecting end effects of magnetic field, we have ) 1 = Giver s i=§
ol i n, '
B="*> P .
ey . 322(4)X(1j:16xl=1
Flux ¢ per unit length of the plates is 2 > =
u_o{xhxlzm 9.B=nuoiand§>5.d,:_@
2 at
= Hof For r<a(E@mr) e —mr2
Also, ¢=L/=>L—-g_ dj @Cmr)=—qnr Wl or E=—M(forr<a)
-5 where, /= —. Forrs g
5. o =90 VA _ gy 0o5x 210 N
at dt 0 iy .
i Pm)==mafnuyl » Epoznige?

2r

8. The magnitude of the induced voltage is proportional to the rates

of change of magnetic flux which, in turns depends on thed
number of turns in the coil i.e., V =< n.

|
i
|
|
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10. Magnetic field at the centre of the primary coil B=p /2R
. 3 ’ = Mot/ ¥
Considering it to be uniform, the magnetic flux passing throug%

coil is
L |
¢.,=BA= L(Ll( R2)
R, &
Now, = %s Ko Re
Ik 2R,
Mo 2.
R

11. As coil A moves closer to B, field due to A intercepting B,
increases. Induced current Bmust oppose this increase. Hence
the current in B must be anticlockwise

12. Asloopis inthe xy-plane, only the z -component of the magnetic

field, is effective
B=- 18 gauss=—18x 107" T

A=5x10"*m?

&= BAcos0°= —18x 107*x 5x 107
- —90x 107® Wb
— — 900% 107° Wb =— 900n Wb

13. Here, resistance of rod =20 Q, r = 01m, B=50 T, acting along
the z-axis and @ = 20rad s™.
Potential difference between the centre of the ring and the rim is
V= ; Bar? = ; « 50x 20 (01)%= 5V

The equivalent circuit of the arrangement is shown In figures.

10 Q2
1 1 1 2
L O S o
R, 10 10 10 S
= R, =5
Current through the external resistance,
/:_.E.—: 5 =—1—A
R+r 10+5 3

14. Inductance of each part,
L1=I_2=I___=O.9)(10-4 H
2

Resistance of each part,

_18x 10~ x 09x 107 O
18x 1074 + 09x10* 6x3

—4

= 1620 108 SR Hoseeic e

54
15. Since, the self-inductance in parallel is given by
1 G [ (L
S L LD ==
L AR 2
—14
and L:Q;O—:ogmo*m

L, = 045x107*H

Resistance of each part, r = 6/2 = 3Q

Now ,1 = 1 s 1 = g
L SERSEES
r,= ? Q
2
So. the time constant of the circuit is given Dby
=) B 5
== 0cs2 1o s 3% 10 s and the steady ocurrent is,
If 3/2
Pl 2 = oy
Iy S

16. Average induced emf
o e e jj“ NBA o sinotdt
7)o

av ‘7_'0
2n
v = 4l NAB (oFOS (M-j\ = ’—Bé[COSZTE —c0s0°]
1 (V) 0 T
NBA
av =4~T—~[1_1]:O

For full cycle average emf, €y = 0
Average power loss due to heating

" Eglp _ 0.603x0.0808 _ 46y
> >
2
17. L=y, Nzé =pO(%’~j Al

Here, N/l remains unchanged. When the linear dimensions are
increased by a factor 3, the area becomes 9 times and the
length becomes 3 times. Therefore, the coefficient of
self-inductance becomes 9x 3 =27 times.

2 2
18.U=’:’2_or 32=£%')—=L=4H

peteripe. foli anio)
(4)?

D/ WWW.NO
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x 2 2 )
= g tr
5
ot folo) Bor®
3t 5
at 2
_ —Bor* 23 X X
=
<n

ol retalic o 2 wir® ;
ail rotation At)=mr< — o will give same current
1 Op

Pposite direction. =
20. If two coils of inductanc
- 11 tWOQ Calis of inductances L, and L, are joined together, then
their mutual inductance is given by
V7 e f
Vi = KLk, : (1)

lation, if the self-inductance of the primary
| is doubled, the mutual inductance of the

) T S hare v ctarar] in ¢ T
21. The gy stored in the inductor is given by

1

s = (l0)= 00l

in the inductor, is directly

8]
| AV]

induced emf will be
induction between the
will show deflection

duced emf

o
/,

en the two coils, eddy

due to the alternating
1t will be reduced

t and the statement Il is the
Out of the various shapes for
as the maximum area, to link

field is given by,

e = E= 005yt
2

tric field is given by,
B xR-= E= g;‘é?ﬂﬁ_ vm!
r

™m

field, is the same as that of the

(due to symmetric situation ang
i

e induced electric
€ tangential
d particle).

96. Direction of the IN
induced current, /
absence of any charge

27. Emf induced,
aB 2
= (@l = S ST
e=¢E at

— 005x n(RI 2
2
0.03

—354x107°V

The ring IS non-conducting, $0 NO current flows through it. ‘

induced) are non-conservative and ™
re, the field lines are closed curves and =
d, along aclosed loop, is NoN-zero,

As electric fields (
non-electrostatic in natu
work done by the electric fie

2
= -d |
W qJ.O E-dr |
28_ eAB:Q;(ErXTU
2
_ 005%™ (r2)2 =1.76x107°V :
2

29. When current in the loop is /, flux linked with the loop, due toiits

own mag etic field is
ol z ma .
=0 X E2 ) i

|
|
|
i
2a \‘
Ermfindusad SOt it 0 ;
at 2 dt |
; |
FromV =iR= i= €= —'u“nafji {
R 2R dt |
= J‘/ g_’_ 2R at ]‘
oI Ou ma ‘
2Rt S
= j=ige Mom :
—2Rt ]
30. 103 i, =i, eto"® 1
—2R 1
-3 In10= ¢ [ng = 4nx107] {
Woma |
3In10x 4nx 107" x tx 5x 1072 :
2x100 2 ‘
= S0t OB | -
10?
= (310
10 ,
10 ;

31. Firstly, the current decreases due to electrical inertia goes o
zero, bgt due to back emf induced in the easily, the induceds
current in tbe coil decreases off a point when bacl; emf is ‘ﬁ“
to the applied emf induced in the another coil The value of 9‘
of two current is zero. Then, current is regulariy increased, alt ‘ |

that time became it | i .
bl Itis continuously by supplied by the sour¢®
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it point P is given by

iJ Qe If
i
3 A
il \ A
Mol L A g il
- | AL 210l 5L°/4
1\ [
= L
33. A magnetic induction takes place
S eddy current is developed. This
SEeS 10S h results in damping of oscillatory

4. A moving conductor is eguivalent to a battery of emf

(motion emf )

2 2R 2R
2 2 >
‘( {
/4 I
Aoplving Kirchhoff's law
LR+ IR-vBI=0 )
I,R+IR-vBI=0 (i)
Adding Eas. (i) and (i), we get

2R + IR =2vBI
2vBl

3R
_|Blv|

2" 13R|

|=

=1

35. Rise of current in L-R circuit is given by
10H 50

Now,

After2s,i.e.,at t =2s
Rise of current | = (1—e" ) A

36. Given, ¢ =10t2 —50t + 250

ctromagnetic induction,

From the Faraday’s law of ele

do
e =——
at
e = —[10x 2t —50]
6|, _ss = —[10% 6= 50]
=-10V

317. Magnetic field due to a long so

From the given data,
6.28x 1072 =1y x 200

X

Ay

(&)
)

and B=pyx100x10° X

@

Solving Egs. (i) and (ii), we g
B ~1.05x 1072 Wbm™

38. The current at any instant i

.

or

—150% 0.693x 107 = 010395s =0.1 8
39. The emf induced between the ends of the conductor
e= %BmLQ = %x 02x 107 x 5x (1)2 = 05x107*V
=5x107°V = 50V

40. Mutual inductance of the pair of coils depends on the distance
between the two coils and on the geometry of the two coils.

41. e=_Lg:_Lﬂ'_2),8=Lﬁ)—
dt 0.05 0.05
L= ___8’(205 = 01H

e direction in two adjacent

42. Due to the flow of current, in the sam
to which

sides, an attractive magnetic force will be produced due
the spring gets compressed.

D/ WWW.NO
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Concept of Alternating Current

An alternating current (s the current (or voltage) whose
magnitude keeps on changing continuously with time, between
zero and a maximum value and the direction also reverses

periodically.

We can analyse from the given fi
S gure the magni
change as positive to negative and negative to %Jolstilt?vee ot the il by

In positive half cycle we take iti

positive value
half cycle we take negative values -V and — IS ES o ar}d .+I and in ne
current. » hence this is called alterr
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Day 24 Alternating Current

peak and RMS Values of Alternating
Current/Voltage

The common alternating current varying as a sine function
I = [,sin ot = I, sin 27Vt
= I, sin AL
I

V =V, sin 2nvt = Vg sin ATE
i

of time, is given by

and

Here, I, and V are the maximum or peak values of current and voltage, ® the angular

frequency, v the frequency and T the period of the given AG:

In our domestic circuits, the frequency of AC is 50 Hz. Thus, it changes its direction

after every L g
100

The average value of an AC, for one complete cycle, is zero.

Generally, average or mean value of an AC means the average value of the given AC
over one half cycle i.€. t=0to—
2
i
jo el

220 _ 0637 I

T2
dt T

I
ls

and V,, = 0637V

The rms value of AC is defined as

=

Similarly,

» An alternating current/voltage pesides having @ sinusoidal variation, may also be square wave ot

triangular wave or saw tooth wave type. However, AC varying only as a

by an AC generator:

w Alternating current and Vi
physical quantity with a dire
analyse AC cireuits.

sine curve, is produced

oltage aré rotating vectors cdlled phasors. A phasor is not d real
ction in SPAce Jike velocity. Itis d geometric entity, which helps us ©

341

~ Reactance and

impedance

The opposition offered by 2
pure inductor OF capacitor of
poth to the flow of AC, through

it. is called reactance

X, lts unit

is ohm (Q) and dimensional
formula is (ML 27-3A-2]

v

Reciprocal
known as susceptance

Thus,

Reactance is of tNQ types

Inductive reactance,

()

X, =Lo, and

(i) Capacitive reactanc

X\\ = = -
“ IO

of react

{

S
X

Total opposition offered D
AC circuit to the flow of
through i, 18

impedance Z. 1S un
and dimensional 3
[ML2T°A™) Foran AC circutt

=X - XY+ R

of mnadance
of impedaiie

Reciprocal
known as admittance.

1
i

Thus, Y=

—

Its unit is Siemens &)
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AC Circuit Elements 1

The circuit consist of resistor, capacitor and inductor are callled pure resistive, :
capacitive circuit. There circuits with their respective phasor diagram are given

1. Pure Resistive Circuit

Let an alternating voltage V =V, sin ot be applied across
a pure resistance R. Then,

WYWWY @
R / et o e
(0) v T
V =V sin ot L

(a) (b) (c)
V.

rms

R

Current and voltage are in the same phase i.e., current is
given by I = I,sin wt.

Current I = % oL lie =

Pure Inductive Circuit

Let an alternating voltage V = Vsin ot be applied across
a pure inductance L. Then, the average power

T
= Vrms[rms cost==10
2
Such a current, for which average power as well as power
factor is zero, is called as wattless current.

The inductance offers some opposition to the flow of AC.
It is known as “inductive reactance” Xj = 2nvL = Lo.
Thus, a pure inductance does not oppose the flow of DC
(@ = 0) but opposes the flow of AC.

0) 7"” 4
2
(@) e (b)
V = Vysin ot
I
Vv Xi
© @
o
o) - I 0 4

74
Current flowing I = —
Xy,

The current decreases with an increase in frequency.

pure inductive and pure

below.

i’
2 (or voltage
The current lags behind the voltage by : { g

leads the current by g—) and is thus given 2

o T 4
I = Il St wt—'Z— ‘

3. Pure Capacitive Circuit

Let an alternating voltage V = V,sin ot be applied

across a pure capacitance @ Ehent
(@) c (b)
V =V, sin ot

T
2
(c) (d)

\m

v V

The capacitance offers some opposition to the flow
of current but allows AC to pass through it. The
opposition offered. is known as the capacitive
reactance.

Current flowing I = ]
X

The current increases with an increase in frequency

The current leads the voltage by = (or voltage lags
: 2 :

behind the current by %) and is thus given by

= Iosin(mt L Ej
2

» QOut of the three elements in an AC circuit, the resistor is
called the active element because it always opposes the

flow of current under all conditions.

» For DC circuit, frequen = e
ooy quency v =0 and hence, X, =0 but
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Series AC Circuits

Some of the series AC circuits are given below.

1. Series L-R Circuit

The potential difference across a resistance in AC is in
phase with current and it leads in phase by 90° with
current across the inductor.

For E = E;sin ot I R

E
I = —%sin(wt +
7 ( 9)

where, Z =+ R* +(0L)’ =
o

o L = i
and tan(p:? E = Ej sin ot

V =yVi+V}

where, Vjy = voltage across resistor R.
V, = voltage across inductor.

Current lags behind the voltage by ¢.

2. Series R-C Circuit

Potential difference across a capacitor in AC lags in
phase by 90° with the current in the circuit.

For E =E;sinot,

= E— sin (ot — ¢)

N

E= Eo sin a)t

2
where, Z = .|R*+ (—1—)
wC

-1/ oC

and tan ¢ =

Current leads the voltage by ¢.
V2=VE+VE

= 174 =1/V§.+ VE

3. Series L-C Circuit

For E = E sinot, [ = %lsin(mt - 0)

where, Z =X — Xg
- X
and tan ¢ = EL—O_L = o
L C'___ Vi
Vi-Ve
e IS
&
E = Eysin ot
Ve

For X >XC,¢=g and for X; < Xg, 0=—

A

If X; =X, le,at 0=—— L 7 —0and I, becomes
JLC’
infinity. This condition is termed as the resonant
condition and this frequency is termed as natural
frequency of the circuit.
/ Z

N

(,‘00 Q0 (DO &
Variation of Z with
o in L-C circuit

L}
[}
I
}
1
1
1
L}
1

Variation of [ with
o in L-C circuit

4. Series L-C-R Circuit

For E = Egsinot, I = E—sm((nt - 0)

2
where, )
X .
R

and tan ¢ =

(=)
7 4
E= Eo sin ot

] P[lnt to_kvl?DF wit‘hout this message by purchasing novaPDFE (http://www.novapdf.com/)
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For X; > X, current lags voltage

X, < X;, current leads voltage
X, = X, current and voltage are in phase

X, =X, >0,= e i.e, the natural frequency of the

circuit is equal to the applied frequency, then the circuit
is said to be in resonance.

Vi

Phasor diagram for L-C-R series circulit for X >Xe

At resonance, the current in the circuit is maximum and
the impedance is minimum.

1

i

At resonance frequency, V.= —

2T \'yrff

Quality Factor

e i
At resonance, I = -FO andV; = I, X; =V =1Xc
1§

oL 1
.e., Ve =—xEBEs=—— X Eq= E
E) LRl R 0= QFo
oL
vhere, =
W Q R

or is termed as the Quality factor of the circuit. It

®RC
determines the sharpness of resonance. Higher the value of

Q, sharper is the resonance.

Parallel Resonant Circuit

Figure shows a parallel resonant circuit in which resistor R
and inductor L have been connected in series and this
combination is connected in parallel with the capacitor C.

To this combination, an alternating source of V = V,sin ot is
applied.

R L
0000

&
V. =Vysinot

JEE Main Physics inJust 40 Days

From the figure,

isz +ic
AR bzl
‘a Z R+joL —jloC
V.. o0k
" R+ joL j
LG
R + joL
e L + joC
7Z R+ joL

—;— is known as admittance (Y). Thus,

il :
Vi —i= = + joC
Z R:+o’D’
k—_——/f
0 JR? + (0CR® + G = E)

RE A @i
The admittance will be minimum when

®CR? + ®’I*C — oL =0

e
or W= l———
EE

41 gl R

=
20 2o LENT

is known as resonance frequency. At reson:

frequency admittance is minimum of the impedanc
maximum.

Thus, the parallel circuit does not allow this freque
from the source to pass in the circuit. Due to this rea
the circuit with such a frequency is known as reje
circuit.

we have, dynamic resistance

1 L
Z a = ——
£y Ymax CR
. Peak current through the supply = Vo = V.CR
L/CR L
The peak current through capacitor = Vet
C e ch
Hence,

Q-factor = M _ oL

ke ' V.«CR/IL R

This is basically the measure of current magnificati
ic
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Power in an AC Circuit

Let a voltage V =V, sin ot be applied across an AC and consequently a current I = I, sin(wt — ¢) flows through

the circuit. Then,
(i) Instantaneous power =V |

= Vyl,sin ®f sin(wt — ¢), and its value varies with time.
Here ¢ is known as phase difference between V and I

(ii) Average power over a full cycle of AC is

av rms~ rms

: 1.
Rl COs( = )\ ol COS O

T'he term VI, is known as the apparent or virtual power but

V.o Lms €O 0 is called the true power.
(iii) The term cos ¢ is known as the power factor of the given circuit.
: 2

}7 re C e
Thus, cos ¢ = = _true power

= power factor = —
apparent power

(iv) For a pure resistive circuit, V and I are in phase (¢ = 0°) hence,

1”[\\

For a pure inductive or a pure capacitive circuit, current and

\

Toi(. o
L, W= J
7\ 2

cos ¢ = 1 and average power =V

voltage differ in phase by

Wattless Current

Average power is given by P,, = E ;I ;ys €OS (0
The phase difference between E and I is ¢. We can resolve [
into two components L
I cos¢and I, sin ¢
cos & contributes towards power dissipation

Here, the component I,
does not contribute towards power

and the component I, sin¢

dissipation. Therefore, it is called Wattless current.

Choke Coil

Let us consider a choke coil (used in tube lights) of large inductance, L
and low resistance R. The power factor for such a coil is given by,

COS ) = —— Ij — i (as R << ©L)
JR +0°L

Thus, the power absorbed by the coil

As R << L, cos ¢ is very small. :
unt of its large impedance

V. i__ cos¢ is very small. On acco

s
Z= \,ﬁf—i:_(;)zl} . the current passing through the coil is very small.
pose of adjusting current

Such a coil is used in AC circuits for the pur
to any required value without waste of energy. The only loss of energy
is due to hystersis in the iron core, which is much less than tf.ua loss of
energy in the resistance that can also reduce the current if placed

instead of the choke coil.

s

D/ WWW.NO

AC Generator

An electric generator or dynamo is a device used
to produce electrical energy at the expense of
mechanical/thermal energy.

It works on the principle of electromagnetic
induction : when a coil is rotated in a uniform
magnetic field, an induced emtf is set up between
its ends. The induced emf is given Dy
e =eysinot = NBAm sinwt. The direction of the
induced emf is alternating in nature.

Transformer

It is a device which works in AC circuits only and
is based on the principle of mutual induction.

Transformer is used to suitably increase or
decrease the voltage in an AC circuit
Transformer which transforms strong AC at low
voltage into a weaker current at high alternating
voltage is called a step up transformer. A step
down transformer transforms weak current at a
higher alternating voltage into a strong current at
a lower alternating voltage.

VN

L - Es 5
For an ideal transformer —=—=—=
5 Aty Y, I

k
=K

where, k is known as the transformation ratio.
For a step up transformer, k >1 but for a step
down transformer, k < 1.

In a transformer, the input emf and the output
emf, differ in phase by & radians.

The efficiency of a transformer is given by
_output power _ Vg /g
input power V|

o)

For an ideal transformer, n=100% or 1. However,
for practical transformers, 1 = 85- 90%

Possible causes of energy loss in transformer are
+ heating due to winding resistance,

» eddy current losses,

» magnetic flux leakage, and

« hysteresis loss. To minimize these losses, the
transformer core is made up of a laminated
soft iron strips.
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Practice Zone DQ

1. An [-C circuit is in a state of resonance. If C =01pF and

L =0.25H, then neglecting the ohmic resistance of the circuit,

find the frequency of oscillations.

(@) 1007 Hz (b) 100 Hz
(c) 109 Hz (d) 500 Hz

2. A transformer has turn ratio 2 and input power 3600 W. Load
current is 20 A. Efficiency m = 90%. The internal resistance is
@19 () 0.9 Q
€)19Q d)3Q

3. An alternating voltage V :200J§sin(1 00t) is connected to a
1uF capacitor through an AC ammeter. The reading of the
ammeter shall be
() 10 mA (b) 20 mA
(c) 40 mA (d) 80 mA

4. In an AC circuit, the potential difference across an inductor
and a resistor, joined in series, are 16V and 20V,

respectively. The potential difference across the circuit is b
(a) 20.0 V. (b) 25.6V
(c) 31.9V (d) 53.5V.

5. A coil of 0.01 H inductance and 1Q resistance is connected to
200 V, 50 Hz AC supply. The impedance of the circuit and
time lag between maximum alternating voltage and current
would be [NCERT Exemplar]

1 1
= b) 3.9kQ and —s
(a) 3.3kQ and - (b) 160

1 1
= d) 2.8kQ and —s
(c) 4.2 kQ and 1003 (d) 0
6. Which of the following components of an L-C-R circuit, with an
AC supply, dissipates energy?
(a) L (b) R
{c) C (d) All of these

7. In an AC circuit, V and / are given by
Y = 100sin(100t) V

and /=1003in(100t+%)A
The power dissipated in the circuit is

(@ 10° W (b) 2.5 kW
(c) 5kW (d) 10W

Print to PDE without this message by purchasing novaPDF (http://www.novapdf.com/)
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or the waveform as |

8. The average current in terms of [y f
shown is

Vv e
A

+lot /l / |
—> t ‘

/ / /

a) / b) O c) & d) o

@) ly ®)-2 e D
9. The alternating current in a circuit is described by the .i
graph shown in figure. The rms current obtained from the
graph would be ’

= 6T

o =~ N @

]
211 |
——

1(A)
|

|
w N

N

S e o P

(@) 1.4 A (b) 22 A

(©) 1.9A d) 26 A |

10. A bulb is rated 55 W/110 V. It is to be connected to a .

220 V/50Hz with inductor in series. The value of

inductance so that bulb gets correct voltage is

(a) 200 Q (b) 110 Q

(c) 50 Q (d) 220 @ ; |

11. The power factor of an AC circui ' |

. Ircuit having resistance R and |

inductance L, connected in series is E g

Gl R |

©) ———

(R? + mzl_z)wz p

I L '
(R2 e 0)2[.2)1/2

oL
L
() =
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Day 24 Alternating Current

12. The bandwidth in a series L-C-R circuit is
10 (b) 2[iC

Qe
RINR0% + ALC

V" s atc
RC*= + 4lC
© oo (d) zero

13. In an L-C-R circuit, if V is the effective value of the applied
voltage, Vz is the voltage across R, V, is the effective voltage
across L, \ Is the effective voltage across C. then 2

(@ V=Va+V +\

b) V2 =VE + V2 + V2
VE=VE+ (v, - V%)
AVE=VE + (V- V5)?

2

14. An alternating voltage (in volts) given by

V =200+2 sin(100t)
is connected to a 1 uF capacitor through an AC ammeter. The
reading of the ammeter will be

(a? 10 mA (b) 20 mA
(c) 40 mA (d) 80 mA

15. An L-C circuit contains 10 mH inductor and a 25 uF capacitor

The ratio of the time periods for the energy to be completely
magnetic, is

(@) 0,1.57, 4.71

(b) 1.57,3.14, 4.71

(e) 1.57,4.71, 7.85
(d)

d) None of the above

16. A capacitor of 5F is charged to a potential difference of 200

V. If it is discharged through two resistors of 700 Q and 300 ,
what is the energy dissipated in each of the two resistors?

(a) 0.07 J, 0.03 J

(b) 0.03J,0.07 J

(¢) 0.7J,0.3J

(d) 0.3J,0.7J

17. An AC circuit of variable frequency f is connected to an L—C-R
series circuit. Which one of the graphs In the vfzgure,
represents the variation of current / in the circuit with

frequency 17

/ /
(@) (b)
= f = f
/ I
© (d)
I f — f
Nt to PDE W Q IS me ge bv D a novaPD
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18. An AC circuit consists of a 220 €2 resistance and a 0.7 H
choke. The power absorbed from 220 V and 50 Hz
source connected in this circuit if the resistance and
choke are joined in series is
(a) 110 W (b) 50 W

Directions (0. Nos. 19 to 23) Fach of these questions
contains two statements : Statement | (Assertion) and Statement
[l (Reason). Each of these questions also has four alternative
choices, only one of which is the correct answer. You have to
select one of the codes (a), (b), (c), (d) given below

(c) 220 W (d) 440 W

(a) Statement | is true, Statement Il is true; Statement Il is the
correct explanation for Statement |

(b) Statement | is true, Statement Il is true; Statement Il is not
the correct explanation for Statement |

(c) Statement | is true; Staternent Il is false

(d) Statement | is false; Staternent Il is true

19. Statement | For the AC circuit shown in the figure, the
voltmeter reading is 0 V. whatever be the value of
ammeter reading

100 Vi

L 45 {
T 500 /‘JJV‘/\/L'/—‘
=100

250

Statement Il Net resistance of the AC circuit is given By
X=X - X

20. Statement | In a series L- C-R circuit, the resonance can
take place.
Statement Il Resonance takes place if the inductive and
capacitive reactances are equal and opposite

21. Statement | In a series R-L-C circuit, the voltage across
the resistor, inductor and capacitor are 8V, 16V and 10V
respectively. The resultant emf in the circuit is 10V
Statement |l Resultant emf of the circuit is given by the

relation E = \/VF? + VL ~Vp)?

292. Statement | A sinusoidal AC current flows through a

resistance R. If the peak current is /o, then the power
2

dissipated is B—;Q

Statement |l For a purely resistive circuit, the power
factor, cos ¢ = 1.

23. Statement | The nature of the impedance of R-L-C
circuit, at resonance is pure inductive.
Statement Il The phase angle between Eand/inaR-L-C
circuit at resonance, is zero.
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Directions (Q. Nos. 24 to 26) An L-C-R series circuit with a100 Q
resistance, is connected to an AC source of 200 V and angular
frequency 300 rads™'. When only the capacitance is removed, the
current leads the voltage by 60°. When only the inductance is
removed, the current leads the voltage by 60°.

24. The impedance of the L- C- R circuit is

(a) 100 Q () 10042 @ () 200 Q (d) 20042 Q
25. The current in the circuit is

(@) V2 A (b) 2A () 22 A @ 1A
26. The power dissipated in the circuit is

(@) 200 W (b) 400W  (c) 800W. (d) 100 W.

Directions (Q. Nos. 27 and 28) An L-C-R circuit, consists of an
inductor, a capacitor and a resistor driven by a battery and connected
by two switches S; and S, as shown in the figure.

i
]

D)
AAAAAAA
“'vvvvvvv
L
@

L4
%I‘
()
N
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27. Attimet =0, the swit

28. At timet =0, when the ch

ch Sy 18 closed and S, is lef}doip;en'
the capadcitor plate pan ho 9o
t of the A- C circuit. Then '

e on the capacitor plates s

The maximum charge
and tis the time constan

(a) at tmet=T7 the chard |
g =9o /2 - 1
(b) att =2%.9 =90 ([{=6") 1:

=
(c) att =279 —qql—e™)
(d) work done by the battery IS half t
the resistor

he energys dissipatedin

capacitor plates is
ed. The maximum
hoose the correct

arge on the
d S, is clos

g, switch SIS opened an

charge the capagcitor can hold, is go- © ‘
equation 4
e, E] 3
@ 9=90 ( 2
(b) coSs Lt E\
=G (\/LC 2 J
d%q
c)g=-LC—-
©q —
1 d%q
d)g= -
& JIE e

AIEEE & JEE Main Archive

29. The plot given below is of the average power delivered to an

L-R-C circuit versus frequency. The quality factor of the circuit is
[JEE Main Online 2013]

—_——T———“—”-\
1.0 7 \

s AT T
71# N

= G e
Frequency (kHz)
(c) 2.5

0.04

Average power (microwatts)

(a) 5.0 (b) 2.0 (d) 0.4

30. An L-C-R circuit as shown in the figure is connected to a voltage
source Vo whose frequency can be varied. The frequency, at

which the voltage across the resistor is maximum, is
[JEE Main Online 2013]

24H uF 15Q
e N

VAC=VO sin of

(a) 902 Hz (b) 143 Hz

(c) 23 Hz (d) 345 Hz

31. In a series L-C-R circuit, C=10"F, L=10" H and
R =100 Q, when a constant DC voltage E is applied to
the circuit, the capacitor acquires a charge 10°° C. The
DC source is replaced by a sinusoidal voltage source in
which the peak voltage E, is equal to the constant DC
voltage E. At resonance the peak value of the charge
acquired by the capacitor will be  [JEE Main Online 2013]
(@ 107° C (b) 10° C ‘
(¢ 107°C (@ 108 C

32. Inthe cilrcuit shown here, the voltage across [ and C are
respectively 300 V and 400 V. The voltage E of the AC

source is
[JEE Main Online 2013]
C. .=
E
(@) 400V
(©) 100V (b) 500V
(d) 700V
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33.

34.

35.

36.

Day 24 Alternating Current

When resonance is produced in a series L-C-R circuit, then
which of the following is not correct? [JEE Main Online 2013]
(a) Current in the circuit is in phase with the applied voltage

(b) Inductive and capacitive reactances are equal.

(Z) If R is reduced, the voltage across capacitor will increase

(

) Impedance of the circuit is maximum

We know that, o, = T sool)

JLC

The supply voltage to room is 120 V. The resistance of the
lead wires is 6 Q. A 60 W bulb is already switched ON. What is
the decrease of voltage across the bulb, when a 240 W heater
is switched ON in parallel to the bulb? [JEE Main 2013]

(@) zero (b) 2.9V (c) 13.3V (d) 10.04 V
In a L-C-R circuit as shown below both switches are open
initially. Now switch S; and S, kept open. (g is charge on the

capacitor and © = RC is capacitance time constant). Which of
the following statement is correct? [JEE Main 2013]

J,, VvV S
>3 1
R2
C
S
2
L srmr—]

(a) Work done by the battery is half of the energy dissipated in
the resistor

(b) Attzt,gz%Z
(c) Att =21, =CV (1-¢e7?)
(d) Att:%,q.:cvm—e-‘)

The figure shows an experimental plot discharging of a
capacitor in an R-C circuit. The time constant < of this circuit

lies between [AIEEE 2012]

IS

g

N
(9)]

olt)
N
o

n

(

-
o

Potential difference V/
V
o

——
(6]

~ 50 100 150 200 250 300
Time (in second) ———>

(b) 0and 50 s

(@) 150 s and 200 s
(d) 100 s and 150's

(c) 50 s and 100 s

37. Two electric bulbs marked 25 W-220 V and 100 W-220 V are

connected in series to a 440 V supply. Which of the bulbs will

fuse? [AIEEE 2012]
(@) Both (b) 1OQW
(c) 25 W (d) Neither

348

38. A fully charged capacitor C with initial charge gp i
connected to a coil of self inductance L att = 0. The time
at which the energy is stored equally between the electric

and the magnetic fields is [AIEEE 2011]
(@) % JIC O (p)2n VECS Moy e (d) ©J/LC

39. A resistor R and 2 uF capacitor in series is connected
through a switch to 200 V direct supply. Across the
capacitor is a neon bulb that lights up at 120 V. Calculate
the value of R to make the bulb light up 5 s after the

switch has been closed (log;g2.5= 0.4) [AIEEE 2011]
(b) 27 x 10°Q
(d) 13x10°Q

(@) 17 x 10°Q
(c) 33x107Q

40. Let C be the capacitance of a capacitor discharging
through a resistor R. Suppose t; is the time taken for the
energy stored in the capacitor to reduce to half its initial
value andt, is the time taken for the charge to reduce to
» St
one-fourth its initial value. Then, the ratio t—‘ will be
2
[AIEEE 2010]

! (@ 2

(© i

41. In the circuit shown below, the key K is closed at t = 0.

The current through the battery is [AIEEE 2010]

Vv K
——-|F g

L Ry
AT WWWA—
Ry
YWWA
VR .R
a) _Vile ok oo
R2+R5 R
VIR, + R,
), Voot g and o e
2 g1l 2
(©) latt=0and¥j‘f;i_—atr:w
Re JR? + R:
V(R, + Ry)

(d) att:Oand»R!«att=oo

R1R2 2

42. In a series L-C-R circuit R =200 Q and the voltage and
the frequency of the main supply is 220 V and 50 Hz
respectively. On taking out the capacitance from the
circuit the current lags behind the voltage by 30°. On
taking out the inductor from the circuit the current leads

the voltage by 30°. The power dissipated in the L-C-R

circuit is [AIEEE 2010]
(@) 305 W (b) 210 W
(c) zero (d) 242 W

Pr.i_ppt_q PDE wi‘thout‘ ‘th‘is message by purchasing novaPDF (http://www.novapdf.com/)
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44.

45.

11.
215
31

43. An. inductor of inductance L=400mH and resistors of 46.
resistances R, = 4 Q and R, =2 Q are connected to battery of
emf 12 V as shown in the figure. The internal resistance of the
battery is negligible. The switch S is closed at t =0. The
potential drop across L as a function of time is '
[AIEEE 2010]
s 2 R
s =% 47.
(a) 6e~5 V ) 12ety
t
(©) 6(1—e7%2)V (d) 12e=% Vv
In an AC circuit, the voltage applied is E =Egsinot. The 48.
resulting current in the circuit is / = /o sin (mt = gj The power
consumption in the circuit is given by [AIEEE 2007]
(a) P = Edo (b) P =zer0 49.
V2
(© P= %’o, (d) P=~2Eq,
An ideal coil of 10 H, is connected in series with a resistance
of 5Q and a battery of 5 V. 2 s after the connection is made,
the current flowing (in ampere) in the circuit is [AIEEE 2007] 50.
(a) 1-€e B)e
(c) e (d) 1-e™)
Answers
. (a) 2. (b) 3. (b) 4. (b) 5. (2) 6. (b)
(b) H2:8(c) 13.(c) 14. (b) 15. (b) 16. (a)
(a) 22. (b) 23. (d) 24. (a) 25. (b) 26. (b)
(d) 32. () 33. (d) 34. (d) 35. (c) 36. (d)
(b) 42. (d) 43, (d) 44. (b) 45, (d) 46. (a)

41.

JEE Main PhySiCS in Just 40 Days

istor (R —-100Q) and a
i r L:‘\OOFﬂH), a resl i ;
@anenrjufgoz 1(00 V), are initially connected: N’ SSHEEE

shown in the figure: After short circuiting the points A and

FELIt086
B, the current in the circuit, 1 ms after the shorAd 1

‘0’65{?55 ?
f‘ww_],é.,,,?,_j

(@ 1/eA () 01A @ 1A
In a series resonant L- C-R circuit, the voltage across Ris

100V and R =1k Q with C =2 pF. The resonant frequency

i = nce, the voltage across Lis
o, is 200 rads™". At resonal e

(b) e A

(b) 40V

() 25x 107V )
(d) 4x107°V

(c) 250V
The self-inductance of the motor of an electric fan is
10 H. In order to impart maximum power at 50 Hz, it
should be connected to & capacitor of capaci{anEEE 2005]
(@) 4pF (b) 8uF (@MILE (d) 2uF
Alternating current cannot be measured by a DC
ammeter, because [AIEEE 2004]
(a) AC cannot pass through a DC ammeter

(b) AC changes direction

(c) average value of current, for the complete cycle is zero
(d) DC ammeter gets damaged

The inductance between Aand D is [AIEEE 2002]

(a) 3.66 H (b) 9 H

(c) 0.66 H d 1H
7. (b) 8. (¢) 9. (@) 10. (d)
17. (d) 18. (a) 19. (a) 20. (a)
27. (b) 28. (c) 29. (d) 30. (0
37. (c) 38. (a) 39. (b) 40. (¢)
47. () 48, (c) 49, (o) 50. (d)
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Hints & Solutions

6.

1. At the resonance, V= ——
21rfC
= 1
2x 314 /025 01x 107

AT
20

= 1007 Hz

v Vo=V Xxn=180x 09 =162V
Now, Vg =V, — i r

180 V Vo
= o= o I ey
| 20
3. As V =200+/2sin(100t)
Hence, V, =2002 V
or Vs =200V and w=100s™"
Moreover, C=1uF=10"°F
/= Yims _ Vs XC X 0
><C

=200x% 107 x 100
=2x 1072 A=20mA

4. As,V = V2 + V2 = e0)? + (16)°
= 400 + 256 = /656 = 25.6 V

10.

5. Given, inductance L = 0.01H, resistance R = 1, voltage V =200V

and frequency f = 50 Hz
Impedance of the circuit

21th

Z =[RP+ X2 = AP+

—f 2 x 3.14x 50x 0.01)?
or = /10,86 = 33Q

e A
2 3.14x 50x 0.01 _ 314
1
o=tan ' (3.14)=72°
T2XT oy
180
Time lag between alternating voltage and current

1
A=t = RS
® 180)(21!:)( 50 250

Phase difference ¢ =

11.

12.

In an AC circuit only resistor R dissipates energy. L and C do
not dissipate energy because for both of them current is
wattless (¢ = 90°),

. Here, V, =100V, /, = 100 A and phase difference, ¢ = -g
P = Vi X hng % COS
= .\KOLQcosq) 199&99 1
2 2
=2500W = 2.5 kW

< As, =2l L. where, 0<t <I°—
T 2

0

and =20y fe
TO

2 2/t 2Ll
== 2=0 0 = e 0
= TJ OD } |:2><4:| 2

1J where, ZQQ <t <Ty

2 2 2 2 2 ) — :
e =\/U—f ik :\/1 .2 il :\[_@ SRp
3 3 3
A
Vo, 151
We have, 1510 = ﬁ:g’ﬁj_.
JRZ + 2o
= 110=__220R _ _ 4R2_R2 4 (242
R? + [P
= Lo=+/3R
= L(100m) =220 /3
S, =22J3=22x(1.732)=12H
314 314
= = MOXID_or50
55
Power factor, cos ¢ = bt R = R

Z-— \/R2 + XZ"Z 2 [RZ +m2L2]1/2

At cut-off frequency Z =2 R
2

R? + [LQ_EL) =2R2
o)

= L(D—.L:R
Cw

=  [Co?-RCo-L=0

= oo BC £ JR%C? + 4LC
2LC
A® = @y ~ g

_ 2hIREGR il

2LC

- JJRefeR gl

LC
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13. Phaser diagram of R-L-C series cirouit is shown in figure.

Ve Vr Voltage axis

VA= VR4 (v~ )2
2002 sin(100t).
Vosinwt, we have
Vo =200v2 V and & = 100 rad s

14. Given, v =
e

The current in the capacitor is
VAt
I=tms— v x (v2e=L
ZC oC

v
=0 xoC = 20?\2><100><1><1O6

o

=20x 107 A =20 mA

15. When resistance R of the circuit is negligible,

27t 10 y25><10’

_ g _ ie?
107 o
Thus the time period, 7 = i it; S=mms
VI (OR
Thus, for the energy to be completely magnetic,
L L i’, el S ms
o D 2 2

=1.57,3.14,4.71, ...ms
16. Current in the circuit is given by

/2 [700 + SOOJ:le 5x 107° x (200)?

This gives 12 = 01107
Hence, = T = e
and iy =L, = 10k

17. The current in an L-C-R circuit is given by

[ = v where o =2nf

2 /2

2 e
L(/? i mé”

Thus, /increases with an increase in @ upto a value given by,
w=0,,/6, atw=0n,, we have

il e —1~

oC

= = 725 where / is maximum. At @ > w,. | again starts

decreasing with an increase in w.

Comparing this equation with

JEE Main Physics inust 40 Days

18. In series impedance of circuit is
Z =yR? + 0?L®
—RENR s

= /22077 + (2 x 314x 50 07)°

and COSI0I=—

= 0.707

Now, power absorbed in the circuit is
P =V slims COSI
= (220) (0707) (0.707) W.
=110.08 W

19. The net reactance of the branch across which voltmeter is
connected is zero and hence the voltmeter reading is zero.

20. Resonance in an L-C-R series circuit takes place when the
inductive reactance and capacitive reactance are equal and

opposite i.e.,
X =Xs or oyl =w,C
1
or O =
e
1
or [ e S
i 2inllLC

In" other words, we can say that at resonant frequency

fy =—— | resonance can t
(o on \/EJ an take place.

21. The resultant emf in the L-C-R circuit is given by

E— VERR
E=(8)° + (16=10)2 = [64+ 36
5 =110V
22. Power dissipated is given by
= Erms/rrrs Cos @

We know that for 4 P

R R
COS¢=~-—=-_:‘]
Z R

urely resistive circuit, the power factor

Hence, P = Eox b

= Blins)X s = R (1
_/ 2

=R[lo
&)

ERE
2
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23, Since, at resonance ol =
wC

and impedance Z =

\‘R t [mL - n] orZ=+R?% =R
\ L )/

Hence, nature of impedance at resonance is resistive

Also in a R-L-C circuit, phase angle between the emf and the

alternating current /, is zero at resonance

24. When capacitor is removed, the phase difference 8 between the
current and the voltage is given by
o wLl
tan @ = ormL=R tan®
R
=100 tan60

When inductor is removed, the phase difference pbetween the

> and current IS given by

tand =

=
U@

— = Rtan¢= 100 tan60
Co

impedance of the L-C-R circuit is given by
|
\ oC )

_ |R? + (100 tan60° — 100 tan60°)?

926. The power dissipated in the circuitis

P = I?R = 4% 100= 400 W

27. Inan R-C circuit, the charge on the capacitor plates at atimet Is
given by g = ga {(1—€ )

where. T = RC is the time constant. At { 21, We have

A=, {1~ ")

=q, = 2™)
28. When & i andS. is open, the charge oscillates inthe L-C
98. When$, is closed and§; is open, the cha ge oscillates inthe L-C

angular frequency Is given by

. Sll)
JLC
Now, g # Oatt = 0. Hence options (a) and (b) are wrong. The

riresyiit at an
s (,4‘ dal al

W=

charge g varies with timet as

.. (i)

g =qycos(ot + ¢)
terentiating Eq. (i) twice with

where, ¢ is not equal to m/2 Dif

respect tot, we get

'/ ’ n
gq = —0’g, cos(ot + 9)= e el

gt
W
o° d212
ey [use Eq. ()]

Day 24 Alternating Current goE

29. As quality factor @ = %’

where, o, = resonant frequency
B = bandwidth
From the graph B = 2.5 kHz
Q=04
30. As voltage across resistance is maximum, therefore a power is
maximum which is at the resonance frequency

At resonance

(By observing the curve)

1 1
frequency  2mWLC
1| 1 _ 1 1000
D000 1000
T 21693 2x314x693
08 23 Hz
4352
31. As energy spread in capacitor
- 1 CVA
2

Now. when AC is connected to the circuit energy speed

By equating the energies, we get

1 =
Tove=1yp
2 2

= [=10 A
Now, V = /R =10x100 = 1000 V
Therefore, Q=CV

—107""'x1000=10°C

32. Since, reactances produced by inductor and capacitor in
opposite direction. So, voltage in these elements are distributed
at 180° i.e., out of phase.

Net voltage = 400 V. — 300V = 100V

83. If £, is the resonance frequency corresponding to resonant
angular frequency g,
then f, = — = > Vo (1)

2n 2mJLC
The Egs. (i) or (i) is called the condition for resonance in the
L-C-R circuit. Figure shows the variation of current  with
frequency of the source. It follows that for f = f;, the current in
the circuit is maximum and hence, impedence of the circuit is
minimum.

l

'max

T

[
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84. p= ¥°_ p_120x120
R 0

=240 Q
Req =240+ 6 =246 O
e
Feg 246
240
VRS SO0 =117
1 546 073V
=2 /'2:1:@
Rl 54
240 H 99
6 Q
Iy
=
120 V

v, =28, 120 = 10666V
54
6Q 6Q
—AWWA——
[

120 V
V—V, =10.04V

35. For changing of capacitor g =CV({1-e/%) att=2r,
g=cVid=c%)

36. Time constant tis the duration when the value of potential drops
by 63% of its initial maximum value (ie., V,/e). Here, 37% of
25 V = 9.25V which lies between 100 s to 150 s in the graph.

37. As the rated power of 25 W is less than 100 W, it implies that
256 W bulb has higher resistance. As in series connection,
current through both the bulbs is same but heating in 25 W bulb
is more than that of 100 W bulb. So, 25 W bulb will get fused.

38. As initially charge is maximum,

g =q,Ccos ot
- (/o] :
['=—L =—-w0qg,sinwt
& ot S
' e e
Given, e
2 2C
1 o (e ORI
e sinwt)" =~211"——
= 5 (@l ) 2
1
t (e e
Bu T
= tanwt =1
ot =z
4
b5
L=
= 40
=§«/LC

89. Neon bulbis filled with gas, S

41.

42,

current flows through it.

B
R
[4 c
)=
= S

Now, V, =E(1-e'f)
= 120=200 (1 —e /")
& o-t/RC _ 2
5
= t=RCIn25
t t
= = =
Cin2.,5 2.303C log2.5
=27 x10°Q
e 1 —~t/ )
Asl] === = e
2¢ 207
q2
= 0 =2/ (where, T = CR)
2C
U= 'eAZU T
I
Ly =y e2til=
oW
1 _g2tiin
2
= tii=—=In2
NOW‘ q:qoe_”T
1 =
bt = e~ta/7
4q0 Qo
t, =1in4=21n2
r—1 = 1
2 4
Att = 0, inductor behaves fike an infinite resistance
SO, at = O, i = l

Ry
and att = «, inductor behaves like a conducting wire
e WV VR R,)
Req RiR,
The given circuit is under resonance as X

Hence, power dissipated in the circuit is
V2
P==_->
7 42 W

L=Xc

o its resistance is infinite, hence, ng
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- 43.

44.

45.

46.

- Day- 24 Alternating Current

2
Ieiee e 2 _ . Gl
=F . o 6A and E_Ld_t2+R2Xl2
Rz
Now,
==
-3
Also, s =£ = M =02
R 2

Potential drop across
eI — 20 x 61— )

=12¢7"

For the given circuit, the voltage lags behind by Z so circuit is

purely inductive and there is no power consumption in the
circuit. The work done by the battery is stored as magnetic
energy in the inductor.

Rise of current in the L-R circuit is given by
50

where,

Now,

After 2 s, i.e., att =28
Rise of current /=(1—€")A

This is a combined example of growth and decay of currentin an

L-R circuit.
L =100 mH

R=100Q

The current through circuit just before shorting the battery,

E
e A
R
[as inductor would be shorted in steady state]

After this, the decay of current starts in the circuit according to
the equation [=/l,e™ * where, T= LIR
L

-3y/ -3/
TREWER (Coln o ,100):(1)/\

47. At resonance oL = .;

oC
Current flowing through the circuit, l= Ya 100 arA
R 1000
So, voltage across L is given byV, =1X, = ol
but, oL = A
oC
1 01

BN T
- oC 200x2Xx o

48. Given, L =10H, f = 50Hz
For maximum power Xg = X,

or i; -l or C= Jﬁ
oC oL

C= efmi i o=l
An® x 50 50% 10

49. The full cycle of the alternating current consists of two half
cycles. For one half, the current is positive and for the second
half, the current is negative. Therefore, for an AC cycle, the net

value of current averages out to zero. While the DC ammet

reads the average value. Hence, the alternating current cannot

be measured by a DC ammeter.

E F
p LIt 1 11N oRC LI L
3H L 3H 3H J

Here, inductors are in parallel.
F

3H

3H

3H

P
i
wl—
s
wi—m

il

= e~

or
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Electromagnetic Waves
and their Characteristics

Maxwell’s Equations

Transverse Nature of
Electromagnetic Waves

Spectrum of
Electromagnetic Radiation

Electromagnetic
Wave

Electromagnetic Waves and
their Characteristics

Electromagnetic waves are those waves in which electric and
magnetic fields vary sinusoidally in space and with time. The
electric and magnetic fields are mutually perpendicular to each

other and each field is perpendicular to the direction of
propagation of the wave.

(i) Maxwell’s theory predicted that electroma
(and hence all wavelengths)
1

VHo€o

where |1, is the magnetic permeability and ¢
vacuum. Now, for the vacuum

g, =8.85 x 10 2C2N"1m 2 |
we have

magnetic waves of all frequenc
Propagate in vacuum, with a speed given

=

o is the electric permittivity
s Ho=4nx107 TmA™ 4
- Substituting these values in the above relati

1

Cc = g o
[(47 x 1077)(8.85 x g2 )je F0e 10.8m8 :

Print to PDE withogt _this message by purchasing novaPDEFE (http://www.novapdf.com/)
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(ii) All the electromagnetic waves are of the transverse
nature whose speed depends upon the medium but
their frequency does not depend on the medium.

(iii) Transverse waves can be polarised.

(iv) Energy is being transported with the electromagnetic
waves.

Conduction Current

It is a current in the electric circuit which arises due to the
flow of electrons in the connecting wires of the circuit, in a
definite closed path. When a capacitor is connected to the
battery, it starts storing the charge, due to conduction
current. When the capacitor gets fully charged, the
conduction current becomes zero in the circuit.
Conduction current exists even if the flow of electrons is at
uniform rate.

Maxwell’s Displacement Current

It is that current which comes into play in the region,
whenever the electric field and hence, the electric flux is
changing with it.
Iy =€y —d—q)E
dt
The generalised form of the Ampere’s law is

P : dog
§B.dl=p0(1+1d)=p0 1+£O—d—t—

~-—-Mechanical and Non-mechanical Waves

i Waves requiring a medium to propagate are called
i mechanical waves such as sound waves while the waves do
inot require a medium to propagate are called the

¥ non-mechanical waves such as electromagnetic waves.

Maxwell’s Equations

Maxwell in 1862, gave the basic laws of electricity and magnetism in the form of four fundamental equations,
which are known as Maxwell’s equations. In the absence of any dielectric and magnetic material, the
Maxwell’s equations are based on experimental observations followed by all electromagnetic phenomena, may

be stated in the integral form as below
1. Gauss's law for electrostatics

(i) This law gives the total electric flux in terms of
charge enclosed by the closed surface.

(ii) This law states that the electric lines of force start
from positive charge and end at negative charge
ie., the electric lines of force do not form a
continuous closed path.

Mathematically, iE .ds= /08

=)
2. Gauss's law for magnetism
(i) This law shows that the number of magnetic lines

of force entering a closed surface is equal to
number of magnetic lines of force leaving that
closed surface.

(ii) This law tells that the magnetic lines of force form
a continuous closed path.

(iii) This law also predicts that the isolated magnetic
monopole does not exist.
Mathematically, §SB .ds =0

3. Faraday’s law of electromagnetic induction
(i) This law gives a relation between electric field
and a changing magnetic flux.
(i) This law tells that the changing magnetic field is
the source of electric field.

Mathematically, § E-dl=——2

4. Ampere-Maxwell's law

(i) This law states that the magnetic field can be
produced by a conduction current as well as by
displacement current.

(ii) This law also states that the conduction current
and displacement current together have a
property of continuity.

(iii) At an instant, in a circuit, the conduction current
is equal to displacement current.

Mathematically,
; do
E-dl=pg| i, +£9—2
§ MO( C 0 dt
These equations are collectively called Maxwell's
equations.

Properties of Electromagnetic Waves

If the electromagnetic wave is travelling along the positive
direction of the x-axis, the electric field is oscillating
parallel to the y-axis and the magnetic field is oscillating
parallel to the z-axis J

E = E,sin(kx — ot)
B = B, sin(kx — ot)
In this, E, and B, are the amplitudes of the fields.

Further, ¢ = =2 =

= speed of light in vacuum

1
By €oko
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The rate of flow of energy in an electromagnetic wave is
described by the vector S called the Poynting vector, which
is defined by the expression,

S:iExB
Lo

Its magnitude S is related to the rate at which energy is
transported by a wave across a unit area at any instant.

Since, E and B are mutually perpendicular. Hence

|E x B|=EB
Thus, Si= 2
Lo
Further B = E/c, therefore, S can also be written as,
e el
Ho€ Mo

The SI unit of Poynting vector S is Js™'m % or Wm 2.

The direction of poynting vector S of an electromagnetic
wave at any point gives the wave’s direction of travel

and the direction of energy transport at that point.

wn as the wave

. ecC Cle is knO ¥
The time average of S over on }i’s e obtain an

intensity. When the average i g ool
expression involving the tme averag

which equals % Thus,

= S = —_—
L= = oo 3 200 1A
The total average energy per unit V?llee tb
_ €k _ B
u=ug +g =, 0

The radiation pressure p exerted on a perfectly absorbing

S
surface, p = —

If the surface is a perfect reflector and incidence 1s x}orma;,
then the momentum transported to the surface in a time ¢ is

2U < . R
given by, p:”L and the radiation pressure will be
¥ c

D=
@

Transverse Nature of Eelctromagnetic Waves

According to Maxwell electromagnetic waves conerst of time varying electric and magnetic fields, which are
perpendicular to each other, as well as direction of wave propagation.

Let us consider a plane of EM wave travelling in the
x-direction and a rectangular parallelopiped OPQRSUVW
placed with its edges parallel to the three axes. The electric
and magnetic fields sinusoidally with x and ¢ only are
independent of y and z.

If the rectangular parallelopiped does not enclosed any
charge, then according to Gauss’s law, the total electric flux

across it must be zero i.e., §E -ds =0.

or j E-ds+j E-ds+j E-ds
PQRS OWVU QWVR

+j E-ds+j E.ds+j E-ds=0 ..(30)
OUSP SRVU OPQW

Since electric field E does not depend on y and z.

j E~ds+j E-ds=0 (i)
QWVR OUSP

and j E-ds+j E-ds=0 ...(iii)
SRVU OPQW

Print to PDE without this message by purchasing novaPDFE (http://www.novapdf.com/)

From Egs. (i), (ii) and (iii), we get

J E-ds+ J. E-ds=0
PQRS OWVU

..(iv)
When E, and E,’ are the x-component of E on faces PQRS

and OWVU and s is the area of each face. then

J E-ds:E_\.sandj E-ds =-E ‘s
PQRS y

OWvU
From Eq. (iv), we get
E.s-E's=0
ie., E, = Bl
or E,=E'=0

;re};?aiposstlﬁlhty, By = L?,\" predicts that electric field (E)
tati H; 3 sa‘n e .at different points on x-axis i.e., field i8
‘SN ;};enutthstinc field cannot Propagate a wave 6f finite
parallel gto ttl 5 'EX ~ 5 =0 l.e, no component of E i§

he direction of wave propagation. In other

words, the electric field is pe -
: rpend R (e
of propagation of EM wave_p bendicular o the diree
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By preceeding Fhe S manner holds time to the magnetic field i.e.,
wave propagation since both the electric and magnetic fields are P
Therefore, EM waves are transverse in nature.

Spectrum of Ele

The array obtained on arranging all the electromagne
called the electromagnetic spectrum.
and all the regions overlap.

tic waves
The spectrum of

Frequency Range (H?)
10* 1010°

Wavelength Range (m)

Radiowaves 0.1 to 600

Microwaves 10° 10 10'2 1010 0.3

|nfrared 10" to 5% 10" 109t05x 107

Visible light 4% 10" to7 x 10" 4x 107 to8x 107
Ultraviolet 10® t0 10" 15 % 1077 1035 % 107"
X-rays 108 t0 10%° 1071 10107

Gamma rays 10! 10 10% 107810107

(wavelength range! OF

X y» The cosmic rays
not the electromagnetic waves, but they are t

Il part of the total electromagn
(and hence of freque

al action of

w Visible light is only a Very smda
a wide range of wavelength
interaction With matter or their physiologic

w Infrared rays dre thermal radiations which produce hedt.

mention only d few of the effects.

various

Gamma rays They were discovered by Becqu
10™°m. The main sources aré the naturd
photographic plate. T hese rays are mainly used in

X-rays
They were discovered by Roentgen i 189

when highly energetic cathode rays aré stopped l?y a metal target of
and can penetrate through the transparent materials.

od in detecting the fr
tructure.

5. Their wavelength is 0

They are mainly us acture of bones, hidde

also used in the study of crystal §

ctromagnetic

electromagnet

The Electromagnetic Spectrum

’m t010™7 m), o-par

ncies)- Although they are ident
1 living bodies depend
Xerays and y-rays dre highly

erel and Curie in 1896. Their
I and artificial radioactive
the treatment of

high melting point. They a

n bullet, needle, costly material, etc.

N
N

¢ field also perpendicular to direction of
ction of wave propagation.
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erpendicular to the dire

Radiation Waves

order on the basis of their wavelength 15
¢ radiation has 10 upper or lower limits

in an

Oscillating electric circuits

Oscillating current in special vacuum tubes

Quter electrons in atoms and molecules
Quter electrons in atoms
Outer electrons in atoms

Inner electrons in atoms and sudden deceleration of

high energy free electrons
deceleration of high

Nuclei of atoms and sudden
energy. free electrons

ticles and B-particles present in SPace are
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ical in nature, their
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Ultraviolet Rays

They were discovered by Ritter in 1801. Their wavelength is of the or

received from sun, major part is that of the ultraviolet radiation. Its other source
carbon arc etc.

_In the radiations

=7
dI‘lO—gm to 4x10 "m
= discharge tube,

s are the electriC

A ; ; nv diseases.
These radiations are mainly used in excitation of photoelectric effect and to kill the bacteria of many

Visible Light
7
This was first studied in 1666 by Newton. The radiations in the range of wavelength from 4 < 10 "1

in the visible region.

to7 x 107 m fall

our is the longest. Visible light is

The wavelength of the light of violet colour is the shortest and that of red col .
m the electric bulbs, sodium lamp,

obtained from the glowing bodies, while they are white hot. The light obtained fro
fluorescent tube is the visible light.

Thermal or Infrared Waves

They were discovered by Herchell in 1800. Their wavelength is of the order of 7 X 10”7m to 10 ° m.
heated, emits out the infrared waves. These radiations have the maximum heating effect. The glass absorbs these
radiations, therefore for the study of these radiations rock salt prism is used instead of a glass prism. These waves are
mainly used for therapeutic purpose by the doctors because of their heating effect.

A body on being

Microwaves
They were discovered by Hertz in 1888. Their wavelength is in the range of nearly 10~*m to 1m . These waves are

produced by the spark discharge or magnetron valve. They are detected by the crystal or semiconductor detector.
These waves are used mainly in radar and long distance communication.

Radiowaves
They were first discovered in 1895 by Marconi. Their wavelength is in the range of 0.1m to 10°m . They can be
obtained by the flow of high frequency alternating current in an electric conductor.

These waves are detected by the tank circuit in a radio receiver or transmitter.

Applications of Electromagnetic Spectrum

The different regions of the total electromagnetic spectrum have been put to the following uses
. Radiowaves are used in radar and radio broadcasting.
« Microwaves are used in long distance wireless communications via satellites.

+ Infrared, visible and ultraviolet radiations are used to know the structure of
molecules.

. Diffraction of X-rays by crystals gives the details.of the structure of crystals.

« The bones are opague to X-rays but flesh is transparent. X-ray pictures of a
human body are used in medical diagnosis of fractures and cracks of bones.

+ The y-rays are used in the study of the structure of the nuclei of atoms,

Print to PDE without this message by purchasing novaPDF (http://www.novapdf.com/)
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Practice Zone

1. The magnetic field in a plane electromagnetic wave is given
by B, =@x107 T) sin(0.5x10°x+16x10""t). The
frequency of the wave is
(@) 2.38x 10'° Hz
(c)2.38%x 10 Hz

(b) 15 10" Hz

(d)y1.5x 10Hz

A plane electromagnetic wave propagating in the x-direction
has a wavelength of 6.0 mm. The electric field is in the
y-direction and its maximum magnitude is 33Vm™". The
equation for the electric field as function of x andt is

(@) 11sinm( — x/c)
(¢) 33sinm( — x/c)

(b) 33sinmt x 10" 't — x/c)

(d) 11sinmx10"'¢ = x/c)

An electric field E and a magnetic field B exist in a region. If
these fields are not perpendicular to each other, then the
electromagnetic wave

(a) will not pass through the region

(b) will pass through the region

(c) may pass through the region

(d) Nothing is definite

A large parallel plate capacitor, whose plates have an area
of 1 m2 and are separated from each other by 1 mm, is
being charged at a rate of 25 Vs, If the dielectric between
the plates has the dielectric constant 10, then the
displacement current at this instant is

(@) 25 A (b) 11pA

(©) 2.2 pA (d)1.1pA

The magnetic field of a beam emerging from a filter facing a
flood light is given by B=12 x 10° sin
(1.20 x 107z - 860 x 10'8¢) T. What is the average intensity
of the beam? [NCERT Exemplar]

(@) 1.7 W/m®
() 2.7 W/m?

A parallel plate capacitor with plate area A and separation
between the plates d, is charged by a constant current /.
Consider a plane surface of area A/2 parallel to the plates
and drawn simultaneously between the plates. The

displacement current through this area is
i

@i (b) =
i
(©) = (d)

(b) 2.3 W/m®
(d) 8.2 W/m?

| ~N

7. An FM radio station antenna radiates a power of
wavelength of 3 m. Assume the radiated pow
to and is uniform over a hemisphere with
centre. E,.,, at a distance of 10 km from antenna Is

DAY

20

(a) 0.62 NC™
(c) 0.31 NC ]

(b) 0.41 NC
(d) 0.11 NC

. You are given a2 uF parallel plate capacitor. How WOUIG you

establish an instantaneous displacement current of 1 mA i

the space between Its plates? [NCERT Exemplar]
\g a varying potential difference of S00Vs
a varying potential differen
a varying potential differ
7 a varying potential differe

nce O

9. Consider the following two statements regaraing a hinea

plane polarised electromagnetic wave

() Electric field and the magnetic field have equal average
values

(i) Electric energy and the magnetic energy have equa
average values

(a) (i) Is true (b) (ii) is true

(c) Both are true (d) Both are false

. A perfectly reflecting mirror has ar 0 n-. Ligh
energy is allowed to fall on it it the rate ©

10 W cm 2, The force acting on the mirr
(@) 67 x 10° N

(b)23x 107" N

© 103N

(d) zero

Instantaneous displacement current of 1.0 A in the space
between the paralle! plates of a 1 pF capacitor, can be
established by changing potential difference of

(a) 1078 vs™ (b) 105Vs™

(¢) 1078 Vs™ () 10°vs™

The magnetic field between the plates of radius 12 om,
separated by a distance of 4 mm of a paraliel plate capacitor
of capacitance 100 pF along the axis of plates having
conduction current of 0.15 A, is

(a) zero (RE
©15T @ 0157
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13. In an apparatus, the electric field was found to oscillate with
an amplitude of 18 Vm~'. The magnitude of the oscillating
magnelic field will be
@4x10°T (bB)6X108T (©)9x10°T (@) 11x107"T

14. A fire screen produces sensation of cooling as

3) it allows both infrared and visible light but cuts off ultraviolet
(b) it allows infrared and cuts off shorter wavelengths

it cuts off both visible light and infrared
(d) it allows only visible light and cuts off infrared

15. The radiation pressure exerted by an EM wave of intensity / on
a surface kept in vacuum is [NCERT Exemplar]

a) //C (b)21/C (c) I/2C @ ?/c
16. The magnetic field at a point between the plates of a

18.

19.

25.

apacitor at a perpendicular distance R from the axis of the

capacitor plate radius R, having the displacement current /5
iS given by
l=T . nilr T
a) M (b) Ho'D (o) RolD (d) zero
2nR* 2nR e

(b) even frequencies
(d) relatively high frequencies

time varying
{t) exists in a

B(t)

electric field at a point P, a
distance r from the centre of the

circular region

(a) increases with r (b) decreases with r

1

(c) decreases as —
rz

(d) zero

Ascsume that all the energy from a 1000 W lamp is radiated

uniformly, then the amplitude of electric field of radiation at a

AIEEE & JEE

This question has statement | and Statement II. Of the four

choices given after the Statement, choose the one that best

describes the two Statements.

Statement | Out of radio waves and microwaves, the radio

waves undergo more diffraction.

Statement |l Radio waves have greater frequency

compared to microwaves. [JEE Main Online 2013]

(a) Statementlis true, Statement Il is true and Statement Il is the
correct explanation of Statement |

(p) Statement |is talse, Statement Il is true

20.

Directions (Q. Nos. 21 to 24) Ea¢
two statements : Statement | (Assertion

Each of these questions also has four a
of which is the correct answer.

JEE Main Physics inJust 40 pays

distance of 2m from the lamp 1S

(a) 244.89 v/m (b) 17 V/m ©0
An  electromagnetic wave going
described by E = Eq sin (kx — @
Which of the following equations is true’?

= (b) Eqw = Bok
Ei; éog _—Bg)i (d) None of these
{0} {0} &=

(d) 2.96 V/m

ch of these questions contains
) and Staterment 11 (Reason):
[ternative choices, only one
You have to select oné of the codes

@), (b), (), (d) given below

204

23.

24.

. Statement |

Statement | is true, Statement Il is true; Statement Il is the
correat explanation for Statement |

Statement | is true, Statement Ilis true; Statement Il is not the
correct explanation for Statement | ]
Statement | is true; Statement Il is false

Statement | is false; Statement || is true

(@)
()

©)
(d

Electromagnetic waves exert radiation
pressure.
Statement Il Electromagnetic waves carry energy.

Statement | Light is a transverse wave but not an
electromagnetic wave.

Statement Il Maxwell showed that speed of electromagnetic
waves is related to the permeability and the permittivity of
the medium through which it travels.

Statement | For cooking in a microwave oven, food i
always kept in a metal container.

Statement Il The energy of microwave cannot be easlly
transferred to the food in a metal container.

Statement | X-rays astronomy is possible only from
satellites orbiting the earth.

Statement Il Efficiency of X-rays telescope is large as
compared to any other telescope.

MAIN Archive

(c) Statement | is true, Statement Il is false

(d) Statement | is true, Statement Il is true but Staternent Il is notH

the correct explanation of Statement I

through vacuum s 1
[);B:Bo Sin(kX—(Ot) B

26. In a transverse wave the distance between a crest and

1
|
i
|
i

|
|
i

neighbouring through at the same instant is 4.0 cm and thesS
distance between a crest and trough at the same place s |
1:0 cm. The next crest appears at the same place after @ 1
time interval of 0.4 s. The maximum speed of the vibrating"
[JEE Main Online 2013

(©) 125 cm/s

particles in the medium is

(a) 32—"cm/s (b) 5mem/s

(d) 2rcm/s

274

28.

29.

30.

e

o
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27. Select the correct stateme :
nifrom theifollowing 31.The rms value of the electric field of light coming from the
[JEE Main Online 2013]

(a) Electromagnetic waves cannot travel in vacuum sun is 720 NC~'. The average total energy density of the
(o)} Electromagneti.c waves are longitudinal waves electromagnetic wave is [AIEEE 2006]
(© \‘i\sﬁfﬁmia:sg\c V\{?ves are produced by charges moving (@) 4.58% 10°Jm® (b) 6.37 x 107 Jm™
OCIty 12 q 3
i ¢) 81.35% 107" “Jm™ 3,3x10° ¥
(d) Electromagnetic waves carry both energy and momentum . i
as they propagate through space 32. An electromagnetic wave of frequency v = 3.0 MHz passes
28. The magnetic field in a travelling electromagnetic wave has fTrEvaacuum o e delbon A permlttl;/:;ﬁ:mtgi

a peak value of 20 nT. The peak value of electric field

strength is JEE Main 2013] (a) wavelength is doubled and the frequency remains
(@) 3V/m (b) 6 V/m o) 9V unchanged
99. An electrom: : . SRR (@i (b) wavelength is doubled and the frequency becomes half
. AN eeC. romagnetlc wave m‘ vacuum has the electric and (c) wavelengthis halved and the frequency remains unchanged
ma%neilg ftel%? Edgnd B, which are always perpendicular to (d) wavelength and frequency both remain unchanged
each other. The direction of polarisation is given by X and
; 33. A radiation of energy E falls normally on a erfectly reflecting
that of wave propagation by k. Th 9y Y REARIN
[oRE0 2 Sl [AIEEE 2012] surface. The momentum transferred to the surface I
@X || BandK || BXE (o)X || Eand K || EXB - 55 [EAlEEE 2004]
© X || BandK || ExB (d)X || BandK || BXE (a) = (b) = (c) Ec (d)
C M (o4
o0 inﬂéilact(()ecajx\lf?ilresgl/eer;oe;dpsipaergf rcnzie by :\mdling m'}g 34. Which of the following radiations has the least wavelength?
' ross-sectional area [AIEEE 2003]
—10 cm? and length =20 cm. If one of the solenoids has 300 (a) y-rays (b) B -rays
turns and the- other 400 turns, their mutual inductance is (c) a-rays (d) X-rays
(u=4m x 107'Tm Al [AIEEE 2008]  35. Which of the following are not clectromagnetic waves?
(@)2 4 mx 10°H (b) 4.8 wx 107*H [AIEEE 2002]
(c)4.8mx10°H (d)2 .4 mx 107°H (a) Cosmic-rays (b) y-rays
(c) Ultraviolet-rays (g) X-rays
Answers
1. (a) 2. (b) 3. (©) 4. (¢) 5. (a) 6. (b) 7. (d) 8. (a) 9. (¢) 10. (a)
11. (b) 12. (a) 13. (b) 14. (d) 15. (@) 16. (b) 17.1(c) 18. (b) 19. (a) 20. (a)
21. (b) 22. (d) 23. (d) 24. (¢) 25. (¢) 26. (b) 27. (d) 28. (b) 29. (b) 30. (@)
31. (a) 32. (¢) 33. (b) 34. (a) 35. (¢)

Hints & Solutions

1. Comparing the given equation with standard equation Of speed of light, may pass thrgugh the region.

i e ¢ -12 ’
electromagnetic wave, B = Bo sin(kx + ot)we have 2 S eKA _ (885% 170777;;&179}’17 e
o=2nf =15x10" d i '
= 8 av . o S o

1] o =—«,V= -V = .[,1 8 2____.2'_10 2221\

fzw:2,38x1010|'lz iz Gl = 78550 08 x25=22x m

21
2 2m X 3% 10° 5. Magnetic field B = Bysinot

nc _ 2T ‘

2. As, =27V = - N S= 6><10—3 Given,equatlonB:12><1083in(1.20x10‘z—3,60x10’ o7

A ' ' i ith standard equation, We get
_ nx10''rads : On comparing this equation Wi h st q

i = -8
The equation for the electric feld. along y-axis, of the B, =12x 10 b
electromagnetic wave is The average intensity of the beam. loig = E E‘l G
= sinwt—ﬁ _ 33sinmx 10"t — X€) 2
¢ 2 812 % 3% 10 2
|1, (Ex M
ckets of energy, moving with 5 s 07

3. The electromagnetic wave pbeing pa

0, D) AI. i e ade D dl 0 OVdad ) D
J [ n AL L 1y d N0 1 4 [ ANWW. N0 D Ol1]
L iU
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6. Charge on the capacitor plates, at timet is, (o] =i
Electric field between the plates at this instant,
Eag i
Ag, Ag,
Electric flux through the given area
A it
oo s

Therefore, displacement current
[d :god& :goi( 1t }:.I_S_O:L

at Gil\2eg ) 2E, 2
7. As, (D 2080 Sl il i

2n? 2w (10x10°)2 2m
and /:%SOESC
= EO: ﬂ

Vee

E, 1o

\mx 885x 107" x 3x 10°
or, Ey = 0iING

8. Given, capacitance of capacitor C = 2 uF,
Displacement current /, = 1mA

Chargeq =CV
[;dt =CadV
or ly =C Gy
at

il 07 — 25 1S
dt

or v _ 110" = 500V/s
a2 .

Clearly, by applying a varying potential difference of 500 V/s,
we would produce a displacement current of desired value.

10. Let £ = energy falling on the surface per second = 10J

Momentum of photons p= e
A el

oy £

CANE

On reflection, change in momentum per second = force

= Do e e
2 @ 3x 10
11. As, i :c(;l)
e IS e
or _:_=——~=1OVS
A

Il

at

12. As Ber, since the point is on the axis, where r = 0,s0 B = 0.

13. Here, £, = 18V,

JEE Main Physics inJust 40 Days

en does not allow

i ire scre
ating. A f we can

iati he
14, Infrared raclition pIodus8 he visible light, therefore,

the infrared radiation but allows t

see the fire.
Force _ F
. Pressure = ="
15. Pres e
Force is the rate of change of momentum
» _&p
e =

U
Energy in time dt, Y=p-Corp=7a
U

-at
s ey
Pressure = = [ I=IntenSy e

Pressure =

e

16. According to the Ampere-Maxwell's [aw; for a closed surface

§Bedi=kolp

_ Kl

as BenR)=plp = B=-"2

17. The speed of the electromagnetic wave is same for all
frequencies.

18. A time varying magnetic field produces an electric field. The
magnitude of the electric field at a distance rfrom.the centre of a
circular region of radius a, where a time varying field B exists, is

given by
2
-2 dB
r at
Atr=a E:(ﬁj@.
2 )dt

This is the value of E at the edge of the circular region.
Forr > a, E decreases with r.

19. Poynting vector

S = E xH= EHsin90° = EH

Energy of lamp = LOM = EQQ Jm™2

-1
5 S

e TX 2

S represents energy flow per unit area per second, we have

1
il 0002 = 7956
T X2
= —a77
H

E
EH x - =7956x 377 =29996.8

= £ = v29996.8 = 17319 V/m
Amplitude of electric field of radiation is
Eo = EN2 =244 89 y/m

20. We know Ey =c By, where ¢ is the velocity of light

C:-V)\:g)\:c_o
2n k

Thus, E.=cB =9
gt KBo o Egk = By
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¢ Eleciromaanetic waveea y |
21. Electromagnetic waves have linear momentum as well as

conclude that we can exert radiation
e Dy making a beam of electromagnetic radiation fall on

Letus assume that object is free to move and that the
ely absorbed in the object during time interval At
1energy AU from the radiation

energy. From this we
5

st et

showed that the obije

ct also gains linear momentum, the
n'momentum of the object is related

(total absorption)

90 1 free space or vacuum. the anesd ~f ala~ A
22, ©€ Space or vacuum, the speed of electromagnetic waves is
(i)

rmeability (constant) of free

e permittivity of free space

ectromagnetic wave

et into forced vibrations
nicrowaves. Hence, energy of the microwaves is not

tainer. Therefore, the

bked in a microwave

nergy of waves is

lecules. This results in

raising the te g of a

24. The earth's a ¢ sparent to visible light and radio
waves, but absorbs X-rays. Thus, X-ray telescope cannot be
used on the surfac he eartr

and freq ency of microwaves = 10" Hz

26 G ven

» =4cm.o.A=16cmandT =04s
4

2n  _ 5w
16x04 16

AS fAXT =2r=f =

5
' A o . - /e
Now,v=fi=""%x16=5mcm/s

&

2%,

B E EM-wave

/ ropagation

B =

Day 25 Electromagnetic Wave

As electromagnetic waves contains both electric field gnd
magnetic field. It carry both energy and momentum according
to de-Broglie, wave particle duality of radiations.

28. E = B xc. Keep value of electric field
|E| =|Bl{c| =20x 107° x 3x 10® = 6V/m
29. In electromagnetic wave, the direction of porpagation of wave,

electric field and magnetic field are mutually perpendicular, i.e.,
wave propagates perpendicular to E and B or along ExB. While

polarization of wave takes place parallel to electric field vector.

30. As, M = *5lﬁﬁ’l/ﬁvﬁ =24 x10™ H
2 Eq
31. Total average energy = g,E2. i = o
)

= 8.85x 107"2 x (720)°
=458x 107 Jn®
32. Invacuum, g, =1

In medium, =4

. Refractive index, u = 8 = “’il =2
Veo VA
Wavelength, W= A_A
2
c

c
and wave velocity, v = =
il

Hence, it is clear that wavelength and velocity become half but
frequency remains unchanged when the wave passes through
any medium.

33. Initial momentum of the surface,

where, ¢ = velocity of light (constant).

Since, the surface is perfectly reflecting, so the same momentum
will be reflected completely. Final momentum

E
loy __E
~.Change in momentum
Ap:pf _p’.:_g_g
@ @
B v2E
=

Thus, momentum transferred to the surface is

; 2E
Ap'=|Apl ==
(0]

34. v has least wavelength and maximum frequency.

35. Cosmic rays are flow of high energy changed particles and is not
a part of electromagnetic wave.

D/ WWW.NO
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Unit Test 5

(Magnetostatics, EMI & AC, EM Wave)

1. A solenoid of some length and radius 2 cm has a layer of
winding. A 2cm long wire of mass 5 g lies inside the
solenoid along the axis of solenoid. The wire is connected to
some external circuit so that a current of 5 A flows

through

the wire. The value of current to be in the winding so that
=10ms )

magnetic force supports the wire weight is(Take g

Z

ot possible

2. A circular coil of 20 turns and radius 10 cm
uniform magnetic field of 0.1 T no
coil. The coil carries a current of 5 A
copper wire of cross-sectional
of free electrons per unit vo
average force experienced by an
magnetic field is
(@) 5x 1072°N (b) zero
(c) 8x 107%N (d) None of these

3. A wire AB of length 5 m carrying a current of 2A is placed in
a region of uniform magnetic field 8=05T as sh
figure. The magnetic force experienced by wire is

B
’B
S5m »2A
7
(a) 5N (b)4N
() 3N (d)8N

4. A coil of metal wire is kept stationary in a non-uniform
magnetic field, then

(a) an emf and current both induced in the coil

(b) a current but no emf is induced in the coll

(c) an emf but no current is induced in the cail

(d) Neither emf nor current is induced in the call

5. A thin circular ring

uniform magnetic field of inducti

8.

DAY
20

of area A IS

the ring and a galvanometer

J

ch that the tota

WO Intinite Iong

shown in figure

resultant magnet

idenly squeesed

| resistance 0O

ometer 1S

to zero are

current rmino \Wir
CUrre Lt Calltvyilfid wire

Each wire

IC Tield intensit

= .

i

' a
A :

— e LY

B8

I 8—ie— gy}

2 1ol
(b) XEEO

(d) -

2na
Wl

r{

42ra
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Day 26 Unit Test5

9, An equilateral triangular loop is kept near to a current

carrying long wire as shown in figure. Under the action of
magnetic force alone, the loop

X

|— o ——>1

‘a) must move along X-axis
(b) must move In XY-plane and not along X or Y-axis
(c) loop does not move

(d) must move along Y-axis

urrent carrying loop is placed in the non-uniform
anetic field whose variation in space is shown in figure.
7 of magnetic field is into the plane of paper. The
¢ force experienced by loop is

/

-Zero (b) zero
t say anything (d) None of these

(@) always exerts a force on & charged particle

b} never exerts a force on a charged particle

(c) exerts a force if the charged particle 1S moving along the
magnetic field lines

exerts a force if the charged particle s moving inclined to the

magnetic field lines
. An electron is launched with velocity v in a uniform magnetic

: T
field B. The angle 6 between v and B lies between 0 and 5

its velocity vector v returns to its initial value in a time

irterval of

(d) depends upon angle between v and B

13. An electric current / enters and leaves a uniform circular wire -

of radius a through diametrically opposite points. A charged
particle g moving along the axis of the circular wire passes
through its centre at speed v. The magnetic force acting on
the particle when it passes through the cenire has a
magnitude

(@) qv x Mol (D) qv X Kol (€)gv % Mol (d) zero
2a 2na a

. A wire in the form of a circular loop of radius 7 lies with its

plane normal to & magnetic field B. It the wire is pulled to
take a square shape in the same plane in time the emf
induced in the loop is given by

w=(ez) o=
R

. The mutual inductance between two planar concentric rings

of radii r; and rp (with i > r,) placed in air is given by

2 2
5 Tl
(a) i 2 (b) ol
2n 20
2 2
LoTe(R + 1 mo(r + I
(o) 1o (A + )" d pom(ry + o)~
210 210

. A conducting loop is placed in & magnetic field (uniform) as

shown in the figure. For this situation mark the correct
statement.

P i
£ B®
‘ \\\ B

(@) The force of compression experienced by loop is IRB

(b) The force of compression experienced by loop is2mIRB
(c) The force of expansion experienced by loop is IRB

(d) The force of expansion experienced by loop is2 IRB

. Mark the correct statement.

(a) Ideal inductor does not dissipate power in an AC circuit
(b) Ideal inductor dissipates maximum power in an AC circuit
(¢). In an inductor, current lags behind the voltage by =

(d) Ininductor, current leads voltage by

Two very long straight parallel wires carry steady currents l
and — /, respectively. The distance between the wires isd. At
a certain instant of time, a point charge g is at a point
equidistant from the wires in the plane of the wires. Its
instantaneous velocity v is perpendicular to this plane. The
magnitude of the force due to the magnetic field acting on
the charge at this instant is

(a) p'Oqu (b) Mo ’qV (C) 2”0 qu (d) Ze'.ro

2nd nd nd
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19. An aeroplane is moving north horizontally, with a speed of

200 r’ns”, at a place where the vertical component of the
earth's magnetic field is 0.5x 10~*T. What is the induced
emf set up between the tips of the wings if they are 10 m
apart?

(@) 0.01V

©1V (b) 0.1V

(@) 10V

20. A square metal wire loop of side 10 cm and resistance 1 Q

21.

22.

25,

ig moved with a constant velocity v in a uniform magnetic
field B=2T as shown in figure. The magnetic field is
perpendicular to the plane of the loop and directed into the
paper. The loop is connected to a network of resistors, each
equal to 8 . What should be the speed of the loop so as to
have a steady current of 1 mA in the loop?

B (into page)

X X X
X X/ X Q
o
b4 X X (b 3Q
X X X P R
X X X 3Q 3Q
S
x X >3
Metal loop
(a) 1 ems" (b)2cms™
(c)3cms™" (@) 4cms™

At a certain place, the horizontal component of earth’s
magnetic field is /3 times the vertical component. The angle
of dip at that place is

A magnetic dipole is acted upon by two magnetic fields
which are inclined to each other at an angle of 75°. One of
the fields has a magnitude of J2 x 1072T. The dipole attains
stable equilibrium at an angle of 30° with this field. What is
the magnitude of the other fields?

(@) 0.01 T (0) 0.02 T
(c) 0.03 T (d)0.04T

Mark the correct statement.

(a) For long parallel conductors carrying steady currents, the
Biot-Savart law and Lorentz force yield result in accordance
with Newton's third law

(b) For long parallel conductors carrying steady currents, the
Biot-Savart law and Lorentz force, Newton's third law does
not hold good

(c): For long parallel conductors carrying time varying currents,
the Biot-Savart law and Lorentz force, Newton's third law
hold good

(d) Both (a) and (c) are correct

Print to PDE without this message by purchasing novaPDF (http://www.novapdf.com/)

24. A current carryin

25. A charge of 4uC is placed on @ Sm

26. A parallel plate capacitor is moving with a velocity of 25 ms=

28. Aninductor L, a capacitor of 20 UF and a resistor of 10 Q ére :

JEE Main Physics inJust 40 Days

g circular loop lies on & smooth horizontal

plane. Then,

(a) it is possi
region so that loop start
axis.

(b) it is possible to est

ble to establish a uniform magnetic field i'n the "
s rotating about its perpendicular A

ablish a uniform magnetic field in the

region so that loop will tip over about any of the point P
Il tip over apout any of the point

o) itis not possible that loop Wi ; N
= whatever be the direction of established magnetic field 2

(uniform) ‘%
(d) Both (a) and (b) are correct
all conducting sphere that ;\

is located at the end of thin insulating rod of length 0.5 m. The
rod rotates in horizontal plane with a constant angular velocity
of 100 rads~" about a vertical axis that passes through its
other end. The magnetic moment of the rotating charge is
(a) zero
(b) 0.5x 107* Am?
(©)1.25x 107 Am?
(d) magnetic moment is not defined for this case

.

through a uniform magnetic field of 1.6 T as shown in figure. If
the electric field within the capacitor plates is 175 NC~' and

plate area is 25x 1077 m? then the magnetic force

experienced by positive charge plate is

+ +|+ +

(@) 1.45x 107'° N
(c) 8.67 x 107> N

(b) zero
(d)3.87 x 1071 N

27. In an AC circuit, the potential difference V and current [ are

given respectively by

V =100sin (100t) V.

and /=1003m(100t+5j mA

2
The power dissipated in the circuit will be ',
(@) 10*W (b) 10 W 7
()25 W (d) 5 W :

B
5

connected in series with an AC source of frequency 50 Hz. IS

the current is in phase with the ,
volt :
of the inductor is age, then the inductance

(@) 2.00 H
(€)1

b) 0.51 H
(d) 0.99 H
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33. The amplitude of

Day 26 UnitTest5

29, An AC circuit having an inductor and a resistor in series
draws a power of 560 W from an AC source marked
210 V-60 Hz. The power factor of the circuit is 0.8, the
impedance of the circuit and the inductance of the inductor
is

(a) 65 Q, 0.2 H
(©)63Q, 0.1 H

(b) 64, 1.0H
(d)50Q, 1.5 H

30. The resonant frequency and Q-factor of a series LCR circuit
with L=80H, C=27pF and R=74Q. How will you
improve the sharpness of resonance of the circuit by
reducing its full width at half maximum by a factor of 2?

(a) Resistance of circuit should be increased

(b) Resistance of the circuit remain same

(c) Resistance of circuit should be increased by 3.7 Q

(d) Resistance of the circuit should be reduced to 3.7 Q

31. About 5% of the power of a 100 W light bulb is converted to

visible radiation. What is the average intensity of visible
radiation

(i) at a distance of 1 m from the bulb?

(ii) at a distance of 10 m?

Assume that the radiation is emitted isotropically and
neglect reflection.

() 0.2 W2, 0.002 Wm™

b) 0.6 Wm 2, 0.006 W™

) 0.3 Wm™2, 0.003 Wm™

) 0.4 Wi, 0.004 Wm™

(
(€
(d

32. A charged particle oscillates about its mean equilibrium

position with a frequency of 10° Hz. Frequency of the
electromagnetic waves produced by the oscillator is

(@) 10 Hz (b) 10° Hz

(c) 10° Hz (d) 10" Hz

the magnetic field part of a
electromagnetic wave in vacuum is By = 510 nT. What is the
amplitude of the electric field part of the wave?

(@) 140NC™'

(b) 153NC™

(c) 163NC™

(d) 133NC™"

Directions (Q. Nos. 34 to 42) Each of these questions contains
two statements : Statement | (Assertion) and Statement |l (Reason).
Each of these questions also has four alternative choices, only one
of which is the correct answer. You have to select one of the codes
@), (b), (c), (d) given below

(a) Statement | is true, Statement Il is true; Statement Il is the
correct explanation for Statement |

(b) Statement listrue, Statement Il is true; Statement Il is not the
correct explanation for Statement |

(c) Statement | is true; Statement Il is false

(d) Statement | is false; Statement Il is true

34.

35.

36.

37.

38.

39.

40.

41.

42.

Statement | Flux of magnetic field B through a closed
surface is equal to zero i.e.,iﬁB-dS =0

Statement Il Magnetic field lines are closed curves, they do
not have any beginning or end.

Statement | A flexible wire loop of irregular shape carrying
current when placed in a uniform external magnetic field
acquires circular shape.

Statement Il Any current carrying loop when placed in
external magnetic field tries to acquires minimum energy
and hence maximum magnetic flux, and for a given
perimeter circular shape is having greatest area.

Statement | A hanging spring is attached to a battery and
switch. On closing the switch a current suddenly fiows in the
spring, as a result spring CoMpresses.

Statement Il When two current carrying coils are placed
close to each other in same plane, then they attract each
other if sense of current is same in both.

Statement | A uniformly moving charged particle in a
magnetic field, may follow a path along magnetic field lines.
Statement |l The direction of magnetic force experienced by
a charged particle is perpendicular to its velocity and B.

Statement | No current is induced in a metal loop if it is
rotated in an electric field.

Statement Il The electric flux through the loop does not
change with time.

Statement | The power factor of an inductor is zero.
Statement Il In the inductor, the emf and current differ in
phase by &

5

Statement | In a series R-L- C circuit the voltage
across-resistor, inductor and capacitor are 8 V, 16 V. and 10
V respectively. The resultant emf in the circuit is 10 V.

Statement |l Resultant emf of the circuit is given by the
relation E = V2 + (V. =V5)?.

Statement | X-rays travel faster than light waves in vacuum.

Statement Il The energy of X-rays photon is greater than the
light photen.

Statement | An electron moving in the positive x-direction
enters a region where uniform electric and magnetic fields
exist perpendicular to each other. The electric field is in the
negative y-direction. If the electron travels undeflected in this
region, the direction of the magnetic field is along the
negative z-axis.

Statement Il If a charged particle moves in a direction
perpendicular to a magnetic field, the direction of the force
acting on it is given by Fleming's left hand rule.

8 b0t 10 PDE ywithout this message by purchasing novapDE (i novand: oo I
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Directions (Q. Nos. 43 to 45) A copper wire having resistance

of 0.05 Qm ' is used to wind a 2500 turns solenoid of radius 2 cm

and length 2 m. The turns of solenoid are closely spaced. The

combination of three cells are connected across the ends of
solenoid as shown in figure.

~Cleldulel] -

20N 6)
— WA
4V 20
— A
6V 20
AWV
Neglect the resistance of connecting wires and magnetic field

inside the solenoid due to current carrying wires of circuit.

43. The magnetic field at the centre of solenoid is
(@) 6x 102 T () 377 x 107 T

(©) 4.68x 1072 T (d)826x 107" T

Answer with Solutions

1. (d) Whatever be the current through solenoid winding, the
direction of magnetic field is along the axis of solenoid and
hence the magnetic force experienced by wire is zero and
hence its weight cannot be supported by magnetic force.

2. (a) Drift speed of electron,
v, = olli e 7777%*5.ufr- = 325 072 e -
' " neA 102 x16x 1070 x 107
Average magnetic force experienced by each electron'is,
F=qvB
= e R e R oS
— 05% 10 N=5x107° N

3. (C)F:/(|XB):2|:5>< %xsin 37°}:3N

4. (d) If a coil is not moved in a magnetic field, the magnetic flux
does not change. Hence, no emf or current is induced in the
coil.

change of flux _ ¢ — ¢

5. (b) Induced charge g ZMZ—H_

But final area =0, therefore, & =0. Numerically, ¢ = BA.
Therefore, g = BA/R.

6. (b)gvB=mg

[for minimurm value of B angle between v and B has to be E]
-3
5} £ 0.56x 10 X104=3.33T
2.5% 1072 x 6x 10
7. (b)

JEE Main Physics inJust 40 Days

44.

45.

8. (@)

9. (a) The net force acting on loop would

10. () Each and every pair of

11. (d) F=q (vx B).If vis parallel to B, vx B =0. Hence, F=0

12. (a) Time interval in which its vretums to

icle i [ [ tion
iti s performing circular motion -
If a positive charge particle 1S P e ) o e

jon is alon
normal to plane of motion IS - ]
i(nside the solenoid, then as sgen from left the charge s

particle rotates in

(a) clockwise direction ' 1
(b) anti-clockwise directloQ . 1
(c) first clockwise then antt-clocle.se _

(d) first anti-clockwise then clockwise

If the charge particle is moving in a cir.cle of radius 1cm i
whose centre is lying on axis of solenoid, then the speed
with which particle moves is (Take charge/mass of charge
particle as o)

(@) B 10~ o ms™
(b) 754 x 107° ovms™
(0) 468 x 107" o ms™
(d)3.26x 10 o ms™

3

1

Mol
B, =By =—————
; B onx+2a ]
Bax i ‘
45N) %,
Dy '
%
1 A
& BB I: \\\ I
,// i ’\\\ !
45° i ™
- ! 0
('-) a | a ?

2 ma

be along X-axis (to determine whether
it is along positive or negative, X-axis
calculation has to be carried out) as
shown in figure.

loop elements located =
periences zero net force: =
ed by loop is zero. !

symmetrically w.r.t. central line ex
So, total magnetic force experienc
Thus, the correct option is (d). .‘

| : _ ts initial value s same
as time period of the particle, to execute the cirgle -

Since, it doesn't depend upon 8. So, time required = 2

RS

el
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13. (d) Magnetic force at centre due to the given configuration is
zero because the angle between net B and v is zero.

14. (d) Induced emf () = "29N®!IC field x change in area
time

t
Since, the circumference of the circular loop = 27,

The side of the square loop = <™ =T/
4 2
Therefore,
AA = 1ire -L,T{rj
2
=m2{1-T \]
\ 4 )
e = g(}l)(i = Ei
t 4 )
15. (a) Magnetic field due to the larger coil at its centre is
g = Hd
2n

where / is the current in the larger coil. Flux through the inner coil

is
0= Bx mZ :LO/XTVZZ
> = o
But o= Ml
Therefore, M = HoTtp .
21

16. (d) By right hand thumb rule force of expansion would act on
it whose magnitude is geven by dT =/ (dl x B)

= T:/Bjdxz?,n IRB
TdT

(%)
L

17. (a) The instantaneous voltage and current in an AC circuit
containing an ideal inductance only are
E = E, sinot

P I b
I =1g8In (wt = 5)
i : b1
P., = Ei = Egi sinot sin (cot - Ej
= — EgiSin ot cos of

i 2
= _.Z_onosm2cot

Average power for one complete cycle is

: 1 <SR Tec, ot
; BENE el d[ = O
P = ( s Eolojjosm&nt
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18. (d) Since B and v are anti-parallel to each other, angle
between the two is zero.
F=gqvxB
=q v Bsin®
For6=0,sin0= 0
= IF=0
19. (b)e =Blv = 0.5x 10=*x 10x 200 = 0.1 V.

20. (b) The network PQRS is a balanced Wheatston's bridge.
Hence, the resistance of 3 Q between P and R is ineffective.
The net resistance of the network, therefore, is 3Q. Total
resistance R=3Q+1Q=4Q. Now, induced emf is

G =llr=2x 0% v=02v

~. Induced current /= € = M
R 4

Given, [=1x1072A
Hence,

1

Which gives v =2 x 10°ms ™= 2 cms ™"

21. (a) B, =Bcos 6 and B, = Bsin®

Hence, @ = tan®
BH
- B 1
Given, Ve
BRYE
T
Therefore, tan6=— /e, 6= 30°
V3

22. (a) Refer to figure. Let 8, (= 30°) be the angle between the
magnetic moment vector m and the field vector
B, (=1.5x 1072 T). Then, as shown in figure, the angle
between m and the other field B, will be 6, = 75° — 30° = 45°

The field B; exerts atorgue 7, = m x B; on the dipole and the field

B, exerts a torque t, =mxB,, where m is the magnetic

moment of the dipole. Since, the dipole is in stable equilibrium,

the net torque © (= T, + T,) must be zero, i.e., the two torques

must be equal and opposite. In terms of magnitudes, we have
mB;sin 6, = mB,sin®,

S
g. - Bisin® _ V2 x 107 xsin80° 4047
Sin 6, sin46°

or

2
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23. (@ In general,

24. (b) As loop is placed in horizontal plane,

Newton's third law is not valid for
electromagnetic phenomena but for long parallel conductors
and steady currents we can prove that Biot-Savart law and
Lorentz force give the result in accordance with Newton's
third law.

so area vector is
along vertical direction. From © =/ (Ax B), as A is in vertical
direction, = would be the plane of loop only so st option is
wrong because for rotation of loop about its own axis © must
be along vertical direction.

25. (b) A moving charge along a circle is equivalent to a current

carrying ring, whose current is given by,

dj(,
L - |

;

=Sl Al
T 2n/®
6
= = 4107 100 = 064x 107*A
2T
Magnetic moment of rotating charge is M = /A
= M = 064x 1074 x T (0.5F
= 0.5% 107* Am?

96. (a) Electric field in between the capacitor plates is given by

.9
ggA
where g is the charge on capacitor.
g =gyAXE
_ 885x 1072 x25% 107" x 175
=GR 0P

Magnetic force experienced by positive plate is,

F, =qvB=145% 103 N in a direction out of plane of paper.

927. (c) Voltage amplitude Vo = 100 volt, current amplitudely =100

mA =100 x 107 A and phase difference between | and Vis
1
S e
¢ 8
Now, power dissipated is given by

Al
P =-00cos
5 0

—3
= WXCOSGW =25W

928, (b) Inan LCRcircuit, the current and the voltage are in phase

(6 = 0), when
ol - i
tan ¢ = oC -0
R
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29.

30.

40 Days

1

or (DL = wlc‘ s_;
or L= ’;’ - 4
oC 3

Here,co=21cfz .

_ 3145 andC =20 uF =20x 10 F
L—//1 - 051H
_(3143—1)2><(20><10‘6 F)

te cycle is
(c) The average power over @ complete ¢y 4

P= Erms X /rms X COS ¢

i r factor
where cos ¢is the D%WG 560 _ 10,

lrms=m_210 %« 08 3

The impedance of the circuit iS
E

7 = Ems — 210V _ 430
Iy (O/8) A
The power is consumed in R only. Therefore,
= (/rms)zR
or Ri= > 3
(/rms)
_ 560 _gosQ

3
3
Now, the impedance of an L-R circuit is
Z = JR? + (@LY
E =2 = (E9)° = (50.4)2
= (63+ 50.4)x (63— 50.4)
— 1134 Qx 12.6Q

— 1428.84 Q%
or ol = 142884 = 37.8 Q
=378
2 Tof
s Bl
2 % 314 % 60_0'1 i

(d) Given,L=3.0H, C=27uF=27x 10°°F
andR=74Q

The resonant frequency. is given by
1

1 1
(DO =-— = —_—-—
=111rads™
VLG 30x (27 x 107) o
The Q-factor of the circuit is given by

_oyl 111x 3.0
e

The “bandwidih” (the difference of half-power frequencies?
i W, — = R/L
maller th
r the value of (@, —ay), sharper is the resonance. |

reduce (w, — @) by a factor of 2, the resistance R should I

halved that is, the resist L
37Q. ance of the circuit should be reduced

given by

2 x 314X 50s”" &

s ) S

bl Haiae Ll
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31. (d) Power converted into visible radiation,
P=—2 x100=5W
100

Intensity = irleg/

Areax Time
_Power P
CArea an?
: . 5
ey Tx 1
= 0.4 Wm™2
(i) Intensity = — O A

4% 314x 10% 10

32. (¢) The freguenoy of electromagnetic waves produced by the
oscillator is equal to the frequency of the oscillating particle

i.e., 10°Hz.
=
33. (b) B—O:c or Eg=cBy =3x 108x 510x 10=° NC™
0

=153 NG

34. (a) Magnetic field lines are closed curves and hence the
number of field lines entering the closed surface is equal to
number of field lines leaving the surface or in other words we
can say :ﬁBdS =

35. (@)U =— MB=—[NiAB]

So, to acquire stable equilibrium position current carrying loop
must have minimum energy and hence maximum flux. If the loop
wire is flexible it changes its shape so that flux linked with it
pecome maximum and hence acquire circular shape, because
for given perimeter, circle has maximum area.

36. (@) When switch is closed in situation described in
Statement |, then a current exists in coils (turns) constituting
the spring which is in same sense in all coils, and as a current
carrying coil behaves as a magnetic dipole they attract each
other (as sense of current is same) and hence spring
COMmpresses.

37. (b) Force experienced by moving charge particle in magietic
field isF =g (v x B). If v is initially parallel to B, theq F = zero.
So, then only the particle may follow the path along field line.
Also direction of F is obviously perpendicular to v and B.
[F o< (V x B)]

38. (b) A current is induced in a loop only if magnetic flux linked
with the coil changes.

39. (a) Power factor is defined as cosine of phase difference
between emf and current i.e.,cos ¢.

The phase difference between emf and curreht is 90°. Thus,
power factor

=cos¢p=c0s90° =0

40. (a) The resultant emf in the L-C-R circuit is given by
: E= 2+ -V%)?

373 _

E=.(8)° + (16 - 10)2

= /64 + 36

E=10V

41. (d) Since, X-rays are electromagnetic waves,' we know that
electromagnetic wave travels with same velocity of light in

vacuum.

Now, from the formula £ = f;_c sl

The wavelength of X-rays are small than light waves and energy
is inversely proportional to the wavelength. Hence, the energy of
X-rays photon will be greater than light waves.

42. (b) Because electron has a negative charge, an electric field
in the negative y-direction will deflect it in the positive
y-direction. It will travel undeflected if the magnetic field
imparts an equal deflection in the negative y-direction.
Since, the magnetic force is perpendicular to the magnetic
field and the charge of electron is negative, the direction of
the magnetic field (according to Fleming's left hand rule)
should be along the negative z-direction.

43. (b) Resistance of solenoid winding is, R = (0.05 x /

where [ is length of copper wire used to wound the solenoid

winding.
| =2mr x 2500, where r = 2cm
= R = 005% 21 X —>— x 2500 = 510
100
Equivalent emf of battery,
g-ZEf _1+2+3_ 4V
=/r, 3/2
Current in solenoid winding s,
/:.__52 e 5 =024 A
R+Z b5p+2

Magnetic field intensity inside the solenoid is,

B=ponl
where, = @ = 1250
2
So, B=377x107*T

. 44. (b) As seen from left the current in solenoid winding is in

clockwise direction and hence magnetic field inside the
. solenoid is from left to right. So, the charge particle will move
in circular path in anti-clockwise direction as seen from left.

45. (b) From Newton's dynamics equation,
2
_,nL = qVB
r
= , v=9x8r
=0% 3.77 x 107 %2 x 1072

=754 x 10 er ms!
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