PHYSICS FOR JEE ELECTROSTATICS

L 4

Bl Exercise-1 |

Section (A) : Properties of charge and Coulomb's Law

A-2. Sol.  After coming is contact charge on both bodies become equal.
9% 10%9?
2
A-3. Sol. 0.144= (0.0
0.144

92 = 9x10° x 400
A-4. Sol. Coulomb's law follows Newtons third law.

A-5. Sol. It will move in the direction of resultant force.

A-6.  Sol. g=ne
80x10%=nx1.6 x1071°

A-8. Sol.  According to principle of superposition force acting between the two charges does'nt depend on
the presence of other.

k aya ka9,

2
A-11. Sol. F= r° (D) 4F = 16R 2 = R

1
co| =

Section (B) : Electric Field

B-1. Sol. Negative charge experiences force opposite to direction fo electric field.

F
B-2. Sol. E=Q

2kn
B-3. Sol. Electric field due to one line charge at a distanceris E= T
(AxN2kn  2kA2
F=qE= r = r
q O1 _ (@2
B-6. Sol. 6= 4nr’ > °2 \h
B-7.  Sol. Maximum electric field will be at the surface
kg 9x10°x1x107°
E= 1% = (0.1
[P.inrﬂ
B-8. Sol. mg = gE m = 3
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B-9.

B-10.

B-11.

B-12.

B-14.

B-15.

g=1.6 x 101°C
9% , 9 _S
Sol. Resultant electric field between two charged plates is E =
eo
F=gE= %
Sol Outside the plate Net electric field is zero.
Sol W=Frcos®6 = 4=0.2 E 2 cos 60° > E =20 N/C.
2
on ? /ngz + qPE? - [E]
Sol. T= et where = Qe = m = m
_ kax dE R
2 243/2 . 5
sol. E= R+X)"° tormaxE, vf/kdre Edsfy, X =0 = x=+v2
2kq
= max = 3\/§R2
9qE + 1 [E] {2
Sol. F=gE = a= m = x=2g2=2\M
1 [E] t2 B E2 q2t2
m 2m

k.E=We=qE 2

Section (C) : Electric Potential and Potential Difference

C-1.

C-3.

C-9.

C-10.

Sol.

Sol.

Sol.

Sol.

Sol.

F 3000 v
E = q 3 d
1000><1=10
100
v 10 100
E=d, E= 2 = 5000 N/C
3KQ KQ
Ve—Vs =2 R _ R
2
KQ 1 [iJnR% R2p
_ 2R - 8mgR |3 _ 6¢
—kq+k_q 0
Potential at originisv = & &
Potential at the centre is

[ kg }X4 343kg
V= a/\E a

L 4
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C-12. Sol. v=1T

C-13. Sol. Potential at origin is

11 1 }
LRIV UL U
v=kql 2 4 8
1
141 [i
v=kql 2 so= 17T

C-15. Sol. For isolated sphere,
kQ, _kQ, Q_n

I D}

C-16. Sol. Potential of single dropv= T
Radius of bigger drop R = 4r

k64q _ 16kq
V' (potential of bigger drop) = 4 r
v
C-18. Sol. V=FEr r= E =6m.

9x10° x1.5%107°

C-21. Sol. V= (:5) =27 V.
3000

C-22. Sol. E= 3 =1000N/C.
1000 x 1

AV=Ed= 100 =10v.

C-24.4# Sol. Since B and C are at same potential
AVas = AVac = Eb.

C-26. Sol. KE =VQ and momentum = Jem(KE) = {2mVQ

kq
C-27. Sol. Potential at 5cm. =V= (10cm)
kq

Pontential at 15 cm VI 15 cm Vi = 15cm

2
3v.

L 4
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Section (D) : Electric Potential Energy OF A PARTICLE

kg 9x10°x50x1.6x107"°
D-1.  Sol. v=R 107"

D-2.# Sol. Electrostatic force is a conservative force. (work done by conservative force does not depend on

path.)
1
—mv?
D-3. Sol. w=q(v2—vi)= 2 = AK
D-4# Sol. w=qV (v - Potential of diff.)
w=0 Potential of all the points are same
D-5. Sol.  Work done by external agent will be negative
D-6. Sol. PE =qV PE increases if q is +ve decreases if q is —ve.

Section (E) : Potential Energy Of a System Of Point Charge

|
E1l  Sol. w='-"
w=0
Angle between force and disp. = 90° or workdone by conservative force round the trip will always be
zero.
E-2. Sol. PE may increase may decrease dipending on sign of charges.
2Kg?  2xkq?  xkg?
gt
E-3. Sol. PE= a a a =0
where a is distance between charges.
2
2+3x=0 x=-3

Section (F) : Self Energy And Energy Density

V800
F-1.  Sol. field near sphere= R 1x 107 =g x 105 V/im-
1 g2 _ Am 8x8x10" 80
—& = _—mm
Energy density = 2 8n E2= 8nx9x10° 91 = g3 yyms,
3kqg?
F-2. Sol. Let q is charge and a is racdius of single drop. U = Sa
charge on big drop = nq.
4 4
—nR® =n.—na®
Let Radius of big drop is R. =3 3 =5 R=anls
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2 2.2 5
3k(gn) zgk-q1?3 —Un?
P.E. of big drop = 5 R 5 an

Section (G) : Questions Based On Relation Between E AndV:

G-1.# Sol. Electric field is always perpendicular to equipotential surface. Opposite to electric field potential
increases.

10
G-2# Sol. E= 0.1sin30° =200 V/m

v r
fJ.dV ajrd r f

G-5. Sol. Ear = 0 0 = Va(- 2) = Var?
Section (H) : Dipole

1

3
H-1.  Sol. Ex Tl
H-9. Sol. max PE = position of unstable equilibrium = =m.

Section (J) : Conductor, It's Properties & Electric Pressure

kg 9x10°x3.2x107"
J-2. Sol. Vinside = Vsurface = R 0.1

33 Sol. @ 2

2Qr,
J4. Sol. qu="tR
2Qr,
_L+0 L
gz After coming in contact
Q Q
kg
v= T
J-5. Sol. Positive charge flows from higher potential to cover lower potential.
J-11. Sol.
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/ + vely charged

L 4

Since distance between plate and —ve charge is less than that between plate and +ve charge. electric
force acts on object towards plate.

J-13.# Sol. Since field lines are always perpendicular to conductor surface field lines can not enter in to
conductr only option C is correct.

J-15.# Sol. Since electric field produced by charge is conservative.

J-16.#

closed suface
enclosed charge = +ve = flux through closed suface = +ve.

J-17.  Sol. final charge on both spheres = 10 uC each.
Fr_(@02); _ 800

F,  (a49p) 100 =8:1

Bl Exercise-2

Marked Questions can be used as Revision Questions.

PART -1: OBJECTIVE QUESTIONS

1. Sol. There is no point near electric dipole having E = 0.
r
6. Sol. V-2V = k > 4k = PEmax > 4PEmax = r-> 4
1 1
uao Ve

12. Sol. evV=2muw =
13. Sol.
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15.

Sol.

16.

17.

18.

19.

L 4

le
A
E=Exk
X, .
dx (a0
flux through differential element d¢ = Eo x a dx. net flux
a
I X. dx an3
b=Eoa® = 2
| g | I
L
L/2 stage 1 L/2 stage2 stage3 L/2 stage4 L/2 form
stage 1to stage 2 =  enclosed charge is increasing means flux is increasing
form stage 2 to stage 3 = enclosed charge is constant means flux is constant
form stage 3 to stage 4 = enclosed charge is decreasing means flux is decreasing
Sol. since same no of filed lines are passing through both spherical surfaces. flux has same value for
both.
Sol. Each charge has its 1/8" part inside cube since there are 8 charges.
H x8 = q
net enclosed charge = 8
U _ 9
netflux= 0 %o
1.,9_9
flux through one surface = 6 & 6z
Sol.
—_
E
o
_’
r
0
—
P
Sol. Considering symmetric elements each of length dl at A and B, we note that electric fields

perpendicular to PO are cancelled and those along PO are added. The electric field due to an element
of length dI (ad®) along PO.
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dE = ey a cos 8 (- dl = ade)

cos 6
1 ado)
_ 4neg a2

cos 6
Net electric field at O

/2 72 1 2acos6do
E= J dE :2j

—n/2 0 4meg a’
LY
— nl2
=2. 40 a [sin 6]0
1 1y A
—o 4ngy, g 1 2ma
20. Sol. Key Idea : The work done in carrying a test charge consists in product of difference of potential
at points A and B and value of test charge.
y/\
A
a
© a B X
potential at

' a
Va = 4ngy g
potential at B
' q
Ve = 4ney g
Thus, work done in carrying a test charge — Q from Ato B
w=(Va—-Vs)(-Q)=0

21. Sol. Key Idea : The cjhange in potential energy of the system is Up — Uc as discussed undr.
When charge gs is at C, then its potential energy is

1 [Q1Q3+Q2QB]
Uc = 4ney \ 0.4 0.1

When charge gs is at D, then

1 [Q1Q3+Q2QB]
Up = 4ney \ 0.4 0.1

Hence, change in potential energy
AU =Up - Uc
1 [Q:z %G , % %]
_ 4meg A 0.1 0.5

s
4ne, K =

but AU =
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1 [Q:z % , Q2CI3]

4ney \ 0.1 0.5
d 1 [CI:z A , G q3]
. 4meg _ dmeg \ 0.1 0.5

= k=02(10-2) =802

1
24. Sol.  dU= 2e&E:4nr.dr

* 2
q® dr J'du __4d
dU = 8ney (2 - U= R 8negR
R

1 q [
- 2
2 U= 87550 R R

1 1.1
E = R RO
Ro = 2R.

36_ Sol. Nearby the plate, field is uniform. Equal and opposite forces are experienced by upper half and

lower half

38_ Sol.  Case (i) : (with cavity) :
Let charge density be p.
Consider as superposition of the bodies shown below :

. T
AtO'E = 0 0+0

39 Sol. -4(Q)+6()= % = q= 2eo Ans.
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W
[E.as
40. Sol. ¢=
Direction of field at x = — 3m is along negative x axis. Area vector is also along same direction.
Q

$=6x9= €9

Q=54 €0
Components of electric field which are constant,
do not contribute in net flux in or out.

An
S0 =54 = Qin = 54 €o
4z 33y /(3(-3)+4)(3)2
—>8(3y°
8(3)"—>{2(0)+4(3)’
i
3(3)
41. Sol. The distribution of charge on the outer surface, depends only on the charges outside, and it

distributes itself such that the net, electric field inside the outer surface due to the charge on outer surface
and all the outer charges is zero. Similarly the distribution of charge on the inner surface, depends only
on the charges inside the inner surface, and it distributes itself such that the net, electric field outside the
inner surface due to the charge on inner surface and all the inner charges is zero.

Also the force on charge inside the cavity is due to the charge on the inner surface. Hence answer is

option (A).
KQ* KQ* KQ KQ*> KQ* 5KQ?
—+—+—.Q +
42.  Sol. E = Z2a 4a 2a = a 4da = d4a
K(2Q¥  KQ?
Ef: 4a = a
KQ?
E-E=H= 43
43._  Sol. From given conditions,

Va=VcandVes=0
KQ-%) K, 3

o Vg = 3a + 228 2a =g
$2Q+q1+3q2:0 (1)
Using Va = Vc
Va=Vc
3a , 3 3a - a 3a 2a
9
Squ=-4 e (2)
8

Usingitin (1), g2=- 11Q
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PART -1l : MISCELLANEOUS QUESTIONS

Section (A) : Assertion/Reasoning

A-1.

A-2.

A-3.

Sol. The electric field inside the cavity depends only on point charge gq. Hence Va — Ve remains
constant even if point charge Q is shifted. Here statement 2 is correct explanation of statement 1.

Sol. From the frame of cylinder, the pseudo force acting on free electrons shifts them towards left. As
a result, left end of cylinder becomes negatively charged and right end becomes positively charged. The
electric field thus produced balances the pseudo force when a stage of equilibrium is reached.

Here statement 2 is correct explanation of statement 1.

Sol.  The potential at each point within an isolated thin conducting charged shell is same. Hence if
charge is changed on this shell, potential at all points within the shell change by same amount. Hence
statement-2 is true.

The potential 'V' at any point on or inside the outer shell in statement-1 is sum of potential due to outer
shell (V1) and potential due to inner shell (V2).

~V=Vi+ V2

From statement-2 'V1' (potential due to outer shell) at all points on or inside the outer shell is same.
Further as the charge on outer shell is changed, potential at all points on and inside outer shell change
by same amount. Hence potential difference between both the shells remains same. Hence statement 1
is true and statement-2 is correct explanation.

Section (B) : Match The Column

B-1.

B-2.
Sol.

Ans.  (a) > (R), (b) > (S), (c) > (Q), (d) > (P)

Ans. (@->S; B)>R;(€)>Q;(d)~>P

Electric field is uniform in all four cases. Equipotential lines in x-y plane shall be normal to
corresponding electric lines of forces. Also direction of electric field is from region of higher potential to
lower potential.

Hence (a)>S; () > R;(c)>Q;(d)>P

Section (C) : One or More Than One Options Correct

C-1.
Sol.

(i) Due to earthing
Let total charge on B is g.

k_q + @ — 0
Ve=0 b b or q=-Q.
(i) Allcharge q=-Q
appears on inner surface of B due to induction
= Charge on outer surface of B=0
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C-2.

C-5.

Bl Exercise-3 |

L 4

= Field between A and B due toB=0
Field between A and B due to Az 0
Net field between A and B # 0.

kQr

Sol. (i) At any point P inside the sphere, electric field = Ep = R® .
: Ep increases as r increases .

kQ
(i) At any point M outside the sphere, Ew=T
Ewm decreases as r increases.
Sol. The electric force on dipole can never be zero in the given electric field. But torque may be zero

in electric field when placed in shown orientation.

<7
/%

Sol. If charge is at A or D, its all field lines cut the given surface twice which means that net flux due
to this charge remains zero and flux through given surface remains unchanged.

_ka k@
sol.  (r+5cm) _ 1qgy g (r+10cm) _ 75y
g x107°C
Q=3 , r=10cm
kQ kQ
Veutace e= T =150V Esutace = T~ = 1500 V/m
3 3

Veentre = 2 Vsurface = 2 x 150 =225V

Marked Questions can be used as Revision Questions.

PART -1: JEE (MAIN) / AIEEE PROBLEMS (PREVIOUS YEARYS)

1.
Sol.

Potential difference between two points in a electric field is,

LiJ
Va-Vg= %
where, W is work done by moving charge qo from point A to B.
2

So Va—Ve= 20
(Here : W=2J, qo =20C)

=01V
Sol. Let charge q is placed at mid point of line AB as shown below.
Also, AB=x (say)
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X X
AC= 2, BC=2
Q q Q
[ L @
A C B
3 x/2 € X/2 >

For the system to be in equilibrium
Foa + Foo =0
1 Qq 1 QQ
4 z" ra
So, ™o (x/2

~—

4ney x2 -0

Q
> g=-4
3. Sol. At P, potential due to shell :
q
Vi = 4ne R
At P, potential due to Q : p
Q . R/2
de R K
Vaz 02 R Q |
Net potential at P
V=Vi+Vz
_q_, 2Q
_ 4ng R 4ng R
F1ax) = q1q22 (—f)
4. sol. 4mob
F13 () =~ B (—sin0])
4neya
" R -
F, = KQ12q2 N+ kqf3 sinB(-1)
Net b a
F, = —Kaq, E—g+q—gsm6}
or
q_g + q—gsine
Fx o a
9 a
5. Sol. Ap= %0 = bo— by = ©0

So, the electric charge inside the surface will be
= d = (d2— d1)eo

kQ?
6. Sol. Initially : r° =F
Finally : Charge on B = Q/2
3Q

and Charge on C = 4 (By conduction)
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k(Q/2)(3Q/4) 3kQ® 3F
2

& F = r - 8% -8
7. Sol. By energy conservation
Tyt KO0
Initially : 0 + 2 = T
1 kQq
Finally : 2 m(2v)2= T
4kQq kQg
SO, r = r
r
or r=4
8 Sol.
-Q a -Q
AT B

-Qp @ ¢l

A4

Charge g at O is in equilibrium.

For —Q to be in equilibrium, we see charge at C.
Freton—-Q (atC) =0

kQ? +\/Ekcz{ kQg
or (V2a)y a’ (a/2)?

Q14 242)
q= 4
9. Sol. In steady state,
electric force on drop = weight of drop
F=qE
mg
qE =mg
mg
= gq= E
9.9%x107"° x10
= 3x10"  =33x10%C
10. Sol. The dipole will have some distance along the electric field, so, option (1) is correct.
11. Sol. By work energy theorem:
Wall forces = AKE

So q(AV) = KEfinal — KEinitial
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1

or1.6 x 10729 x (20) = 2 x 9.11 x 1073 x \2
~ v =2.65x 108 m/s

12. Sol.  After connecting with conducting wire, let the charges on both spheres are g1 & .
9 o
2 2 -2
B &%
E, - a _ 2:1
10°° 10°°
1 1
13 Sol. Since, Va=9x10° (27212 =45 vol, Va=9x109 (2722 yolt,  Va—Va=z0
14. Sol. In initial case, E is along (1) whereas in final case E is along (2). Potential at centre remains
same.
A ] R
q q q E -q
B E |(1) B
5 l c 9p c
Initial Final
20 dv d [ 20 ] 20
— — 2 2 2
15, Sol. wv(x)=X*-4, E=_dx =_dx \x* -4/ = (X"=4)" 5y,
(20)(2x4) 10
Eatx =4 um, 144 = 9 yolt/um
Also as x increases, V decreases. So, E is along +ve x -axis.
kQ
16. Sol.  Since, the electric field inside the shell is zero and outside, the electric field is given as r? ,

where r = distance from centre.
So, graph is as shown in option (4).
17. Sol. Ans. (3)

WP—)Q |ext =q (VQ _ VP)
=—1.6 x 109 x 100 (- 4 — 10)
=224x101]

18. Sol. Ans. (4)
Since, Fret 0N Q is zero, so :

kgQ kQ?
A N
a’ val 2a’®

Qo5
q

L 4
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19.

20.

21.

Sol.

22.
Sol.

kqQ kQ’
a A 2a’
kqQ
q > —
Q a
Q q
Sol. Ans. (1)

Statement—1 : Correct as the field is conservative
statement —2 : Correct Explanation

Sol. Ans. (2)
Consider a spherical shell having radius r and thickness dr

c

Q.
dg= "R* rx 4mr2dr

f
4R—? jr3dr
orqgq= 0
Qr!
- R?
S0, Q=
Electric field at a distance r1 from the center (inside)
1 q
E= 4ng, o
1 Q. r?
E= 4dmeg x R*

Ans. (3)
BEAE SR
Loy J o 2meqr
q <
-4 E= (=)
A= ar N 27{2&30r2
Ans.  (2)

Consider a spherical shell of radius x and thickness dx.
Charge on it dq

dg=p x 4nx? . dx
dq = po x 4nx? dx

e (52 x3)

: 4 R

L 4
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23.
Sol.

24.
Sol.

25.

(5% )

q=4 3x4 4R

kq 1 ( 5r3 _i\
E=r? - 4n? x4 3x4 4R

377
E 4p, \3 R
Ans.  (3)
At equilibrium

Fe 1 q° 1

tan /2= M3 = 4T [Esin(0/2)F  mg

When suspended in liquid
0 1 q° 1
4ne, K[esin(0/2))? (mg-Fg)

1

tan 2 =

1 q m
_4ne, Kpesine/2F M9 16
on comparing the two equation we get

s
k' 16/ -1 = K=2

xO.Sg)

Ans. (4)
d=ar’+b
N [E
dé flEds =2
E=- dt =_2ar &o

q

&
=2ar . 4nrz2 = °0
g = — 8 goanrd

q
4o
p=3
p = —6aco Ans.
Ans. (1)

L 4
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Sol.

dt 2 dt (dg/dt)

26. Ans. (4)
Sol. Potential at point A,

Kq_ 2Kq
Va= @ a5
2a
q :'A q
2a
*B

Potential at point B,
Ve=0
Using work energy theroem,
WAB)eIectric = Q(VA - VB)

AL

a

27. Ans. (3)
Sol.
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E
Q
R r—
28. Ans. (3)
Sol.
3KQ P
.= 2R
Ka_
Us= R
Ka,
AU = 2R
1 1 4zR3
_4ney R7 3 O
pR*q
— 680
29. Sol.
y
-q/2
e SR~
; »| < » ;
q a a q
Fsin0 « » Fsin0
= 2Fcos0 = Fnet = 2FC0s6
q
2k [ j
q 5 Y
27 (2 2
(’y2+a2) Jy’ +a
Fret =
q
2kq[ ]y
N\ kq’y
2, _2,\3/2
Foot = (Y7 +2%) - @ xy Ans (1)
30. Sol.

L 4
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31.

Sol.

32.
Sol.
charge.

33.*

Sol.

L L
«—— e — »
[
N | |
© A dx B
< >
[koa
X
v= L
2L [q]dx
1 L q .
n(2
_ 4ng, X _ Amegl (2) Ans. (4
Ans. (3)
-|_E,dx
Va—Vo= ¥O
2 no2
30x“dx
Va—-Vo= 0
23
=-30 3 =-80V
Ans. (1)

L 4

(2) and (3) is not possible since field lines should originate from positive and terminate to negative

(4) is not possible since field lines must be smooth.
(1) satisfies all required condition.

Ans. (3,4)
KQ
Vo= R
v
3V, -
2 \\\
VU
av,
4
v,
4
R=0|R.,=
V2
KQ
Vesry= T
KQ
Ve<r = 2R® (3R2_12)
3Ka 3V,
VcemredsUae = 2 R 2
5V, kQ

_ X9 ar? -RY)
VatRz2 (R2ij V)= 4 2R
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5 5 R R
= 2 R? = R2 = V2
3V, kQ 4
. 4  R. =R
V atRs (Rsij V) = 3 =S Ry=3
VatReReijv)= 4 R4 5 Ri=4ar
4 &R
Rsi—R3=4R-3 = 3 >R
34. Ans. (4)
/A/R
~
e gy
Q+jﬁ4nr2dr
o T
(E) (4nr?) = fo
Q+ 4nA(r2 -a%)
2
= (E) 4nr? = €o
%-&-%(rz —a?)
= E= 4TE€0I' SOZF
Q A Aa®
+7_
— 47‘:80"2 280 2801'2
Q Aa’
4re, B 2g,
Q
A= 2:‘182
35. Ans. (4) 5
Sol. /
PEsing = P{3E) sin(90° — 6) v 0 > X
E
tand = ‘/5
6 = 60°
PART -1l : JEE (ADVANCED)/IIT-JEE PROBLEMS (PREVIOUS YEARS)
1*  Ans. (ABCD)
Sol.

This is the variation of potential of a hollow sphere with the distance from the centre and the total charge

within the sphere will be g.

As no electric field is doveloped within it, so electrostatic energy for r < Ro is zero.
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o
v

and the total charge resides over its surface and also at r = Ro electric field is discontinuous, since it
changes abruptly.

Sol.  When inner cylinder is charged (outer cylinder may or maynot be charged) an electric field will
be present in the gap between the cylinders which will produce a potential difference.

Ans. (D)
Sphere is electrically neutral therefore net charge will be zero. (by conservation of charge)

Ans. (C)
Both the points are at equitorial position. So,Potential is zero at both the points.
Ans. (C)

=)

Net electric field due to both charges g/3, will get cancelled. Electric field due to will be directed

in —ve axis
2q]
k(? q
E= R2 ) = E= 61TSORZ
q/3
B
C
-29/3 - £
\'
q/3 A

O

+ +
2R 2Rsin60° 2Rcos60°

P.E. of system =
P.E. of system # 0
Force between B and C

(33
313 4x2Kg® 2¢? 14
F= (2Rsin60°) _ 9x4x3R®  9x3x4megR? oo iuer - 547 &R
K(9+S,E]
3 3 3
Potential at O V= R =0
Sol.  Statement-1 is true by information

Statement-2 is true by formula. But statement-2 is not the explanation of 1.
Ans. (B) B (Ans. of JEE was A)

Sol. From Gauss's law
2Q;, (8C/4)-7C+(6C/2) E
€p = €y - _ €y
Sol. (A)

Torque about Q of charge —q is zero, so angular momentum charge —q is constant, but distance between
charges is changing, so force is changing, so speed and velocity are changing.
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10.

11.
Sol.

12.*
Sol.

13.*
Sol.

Sol. The frequency will be same f = 2n \m

9B

L 4

but due to the constant qE force, the equilibrium position gets shifted by K in forward direction. So Ans.

will be (A)

K q

JEds Danr? —
Sol. ¢= =r = %o
Wext = C](VB - VA)

Comment : (D) is not crrect answer because it is not given that charge is moving slowly.

Ans. (D)

q
Eo = 6 K (along OD)
Vo=0
Potential on line PR is zero
Ans. (A), (B), (C)

Ans. (B,D)

At point P
If resultant electric field is zero
then

KQ, KQ,
- _2p
4R? 8R®
P

P2 =4

- +q

‘4
P

ey
.
-
~..
......
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At point Q

If resultant electric field is zero

then

KQ, KQ,

e 2

4R* 25R

b1 32

P2 =_25 (p1 must be negative)

14 * Ans. (CD)
Sol.

0
P cpiPlcp
3gg

P

L (CP+PC,)

_ 3¢gg

¥ p MDET

Ep =2 —-CC,;
3gg

For electrostatic potential, Since electric field is non zero so it is not equipotential.

15. Ans. (C)

kQ
Sol. Ei= R?
k(2Q) 2Q
Ez= R’ = Ez= R?
k(4Q)R kQ
Es= (R’ o gz 2R?
Es<Ei1<E2

16. Ans. (C)
Q A c

4n r02 2negty 2¢

Sol.
2
Q= 2molg A incorrect
»
ro= 1O B incorrect
2=
2 1
3)
E> 2) = 2E>(ro) = C correct
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)
Es {2 = Es(ro) = E2 (ro) D incorrect
17. Ans. (A)
Sol. (P)
+{Q  +a +a+Q

Component of forces along x-axis will vanish. Net force along +ve y-axis
Component of forces along y-axis will vanish. Net force along +ve x-axis

+Q  -Q -Q  +Q
Component of forces along x-axis will vanish. Net force along -ve y-axis.

+Q -Q *Q  -Q
Component of forces along y-axis will vanish. Net force along -ve x-axis.
Ans. (A)P—3,Q—1,R—4, S—2

18. Ans 6
Sol. Flux from total cylindrical surface (angle = 2r)
Qin

— £

Flux from cylindrical surface AB = flux from the given surface
Qn W

:680 :680 =n=6

L 4
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19.

20.

21.
Sol.

L 4

Ans C
As +q is(diiplaced towards right, the repulsion of right side wire will dominate and the net force on +q will
be towards left, and vice versa
2kn 2k 2kn(2x)q _(4krg
[d—x d+x] d? - x? N[ d? JX

Frestoring izRkucy = ( Frestoring izR;kucy =

Hence SHM

For —q, as it is displaced towards right the attraction of right side wire will dominate, which forces the —q
charge to move in the same direction of displacement similarity for other side

Hence it is not SHM.

Ans. (D)
Electri(gwleld in cavity

pOP
E - 35
OP=R1—R2
pa

(A)
Q
¢ total due to charge Q is = 0
Q
so ¢ through the curved and flat surface will be less than %o

(B)

The component of the electric field perpendicular to the flat surface will decrease so we move away
from the centre as the distance increases (magnitude of electric field decreases) as well as the angle
between the normal and electric field will increase.

Hence the component of the electric field normal to the flat surface is not constant.
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Aliter :
R

x = Cosb
KQ KQcos®#
= x° R?
KQcos® 6

El = Rz
As we move away from centre 64 cos6y so ELJ{

1
ELlL= Eco?sle

(©)
KQ

Since the circumference is equidistant from 'Q" it will be equipotential V = J2R
(D)
Q =2n(1 — cosB); 6 = 45°

Q Q  2nl-cosb) Q

¢:_4_T[ 80 - _ 47'[ 80

%
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-Additional Problems For Self Practice (APSP)‘

PART-I: PRACTICE TEST PAPER

1. Sol. By M.E. conservation between initial & final point :
Ui + Ki = Ur + Kt
: Answer is (4)
F 2000
2. Sol. = =9 E= 5 =400N/C

2
Potential difference, V = E. d = 400 x 100 =gy

3. Sol. Property of equipotential surface
kq_kq 2kq
4. Sol. v=r 3r v= 3r
kg v
Field intensity at distance 3r from centre = 9r° = 6r
5. Sol. The whole volume of a uniformly charged spherical shell is equipotential.
6. Sol. By conservation of machenical energy
k k
%mvzzﬂ_ﬂ 1 2x10) 2 [l_i]
N ) 2 =9x10°x106x 102 1 10
2
or v2=9x103x 10 or v = 90 m/sec

7.#

(i) E.P.E. of charge +q at point A can be given as :
kg~ kq?

Ea= 38 + 32 _ 238 gEPE of system
Ep +Eg +Eq; +Ep +Eg +E¢
=3 Es = 2
tgki where EA=Egs=Ec=Ep=Ee = Er
Es=3 Ea

(k) (k) (k) {\/5 151
Es=6k aJ_‘_Gka\/gJ +3L 23J _nega
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2
&[1+2£]

L 4

8 Sol. U= @ V2
Kq? Kg?
2 1-42) W21
= 4 => U=-
V8000
9. Sol. E=Field near sphere= R 1x107 =g x 105 V/m -
1 E2 4re, 8x8x10'" 80
1o g2 2" Sxox1V _ oY
Energy density = 2 8n E2= 8t x9x10° 97 =283 ym3,

dv

11. Sol. E=-9dXx =_-10x-10
. Ex=1m — 10 (1) — 10 = — 20 V/m

12. Sol. A =(0, 0), B = (X0, O)

B

I E.dn

A =Va— Ve=0-Vs

Eo Xo =— Vs

Ve = — EoXo

13.# Sol. Since P & Q are axial & equatorial points, so electric fields are parallel to axis at both points.
14. Sol.  Work done in moving a dipole by angle 6 in a given electric field E

W = pE (1 — cosb)
PE
= PE(1 — cos 60°) = 2
For 6 = 180°
W’ = PE (1 — cos 180°) = 2pE = 4W

15.  sol. max =PE 4% 108x2x 104 x 4 x 108 =32 x 104 N-m.
Work done = (P.E.):— (P.E.)i =PE-(-PE) =2PE=64x 10" N-m
16.  Sol.
— [ ————p .
I .@ ....... J/.‘\‘E"S
o5 T . P
9 p

2kp kp

: . . . 3 . . 2
At a point 'P' on axis of dipole electric field E= ' and electric potential V = T
both nonzero and electric field along dipole on the axis.

17. Sol. Force on one dipole due to another

&)
=pdr where E is field due to second dipole at first dipole.

1 g 1 alt
3 dr r* Force I

Ea
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18.#

19.

20.#

21.#

22.

23.

24,

o
v

Sol. Density of electric field lines at a point i.e. no. of lines per unit area shows magnitude of electric
field at that point.

Sol. Since, dipole has net charge zero, so flux through sphere is zero with non-zero electric field at
each point of sphere.

Sol.
S Y
C A
: -k
— +h
Gaussian surface
4 ir v -~
ta,l b
T >
N~
Using Gauss's law for Gaussian surface shown in figure.
- = i
E.dA=Jn s r
. E 2mrr= %0 . E= 27"

For circular motion.

mV? g qr
E= T  2mer V= 2megm

q =
Sol. For the closed surface made by disc and hemisphere
qn=20 ¢bnet =0
bdisc + dHs =0
dHs = — ddisc = — ¢
Sol. Induction takes place on outer surface of sphere producing non-uniform charge distribution &

since external electric field can not enter the sphere, so interior remains charge free.

Sol.

by induction
izsj .k Kk

> by conservation of charge

Given diagram shows the charge distribution on shells due to induction & conservation of charge.

Sol.
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25.#

26._

27.

28.

290.#

—» plastic plate

L 4

Q
E= g . 50 Vim
P_> P 2Ag,
a/2 . 4/2 __9__soy/m
Ep = 2Ag; 2Ag, 2Ag,
Sol. Since A, B and C are at same potantial electric field inside C must be zero. for this final charge

on A and B must be zero. and final charge on C = Q + q1 + g2. (By conservation of charge)

All charge comes out to the surface of C.

Let surface charge density on inner shell is o1
1 o1 oy

Due to inner sphere, fieldat A= 4 £ 4% |

—
and electrostatic pressure at point A. = 280 489

G0
1 :0
, Ooror=-—20

52+
=

Sol. Electric field being a vector quatnity gets added or substracted accordingly. So somewhere the
field can be zero (where the field due to both the charges are equal and opposite).Also the electric field

is inversely proportional to the distance (x). Hence the E—x graph is represented by I

2
_ Vi1 Va 1

—mV?2 —m 2
A:qV,2 B=4qv Vg 4

Sol. .~ 2

Yin
Sol.  Net flux through the cube, dnet= 0

To find gin, let's divide the cube into small elements, and consider a small element of width dx as shown.

Charge on the small element = (p) (A.dx)

pAdx
Total charge = J
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X 7 dx

Aj pdx
(A) (Area of p—x graph)

3l 3)e)

= (1)?
3
= 4 po.
3
T 4 Po 3
= Net flux dnec= 0 = %0 =4 (aspo=8.85x 1012
30.# Sol. Force on Q due to E is QE. and not zero. Force on Q is zero due to E & electric field of induced

outer charges on sphere.
Charge density on inner surface is not uniform therefore net force on charge Q is not zero.
Due to E, net force on shell is zero because net charge on shell is zero.

Practice Test (JEE-Main Pattern)
OBJECTIVE RESPONSE SHEET (ORS)

Que. 1 2 3 4 5 6 7 8 9 10
Ans.
Que. 11 12 13 14 15 16 17 18 19 20
Ans.
Que. 21 22 23 24 25 26 27 28 29 30
Ans.

PART - 1l : PRACTICE QUESTIONS
Practice Questions: 20-50 depending on chapter length.

1.# Sol.
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.

Work done by external agent :

9

Wext = Ur — Ui
[ Ka? 2 _ B
Ka®  Kq® | K(+Q)(-q) , K(-a)(+q)  K(+a)(+q) -0 K K
Wext = 2a 2b (a) b b - 2b 23
2. Sol. Lets take a small spherical element of thickness dr.

Electric field at point P due to this element :

Kdg
de= X2
=~ Total electric field :
j Kdq
E=" X
J‘K(density)(volume of the element)
E= x°
T‘ K(por?)(4nr?dr)
X2
E = r=x
5
Kpo [%J XPo
E= x° = 5 (x3) & (B xd)

3. Sol.

Let the two charges are g & (20 — g) uC

K(a)(20-q)
o Fe = I'2

dF,

e

Fe will be max, when dg - 0

Page| 33



PHYSICS FOR JEE ELECTROSTATICS

\ 4

4%

6.#

7H#

10.#

11.#

dFe
or 99
=

Sol.

L 4

K
r2

(20-2q) =0
~q=10pC.

The given figure shows force diagram for charge at O due to all other charges with r =

Sol.

Sol.

Sol.

Sol.

Sol.

Sol.

&l

cm
Fnet = 2F + 4F cos 60° = 4F

4k(2uc)(2uc)  4x9x10% x2x2x107"?
[ 10 ]2 [L]
J3100 300

Since, no external electric field can enter into a conductor so force experienced by Q =0

=36 x4 x 300 x 103 N = 43.2 N. (Towards E)

X}

Potential energy= _PE : where, E = Electric field due to dipole P-.
Uz = — (P1) (E2)
2KP, cos6
3
Uz =— (P1)
21 [i mg—qgE

T= Yart : where, Qer= M
9k

m Time period increases.

Electric field at given location is only due to inner solid metalic sphere.

- o

E.dr
P.D, = and E between spheres does not depend on charge on outer sphere.

B & C are equipotential and field is conservative, therefore :

a
= i
2ng,r
Wea = Wea . =2 ° qdr. = 2meg In 2
(B) In a conductor, potential is same everywhere
Potential at A = potential at centre = Vauetop + Vdue to induced charges
kp kpcos? ¢
> b et 4
_(rsecof L= P2
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12.#

13.4#
Sol.

14.
Sol.

15.#

16.

Sol. (C) Total flux through closed cubical vessel = fo |
1a)
6 L EDJ

& Flux through one face =

5( Bi 3
So, total flux passing through given cubical vessel is = %o ; (as vessel has 5 faces)
Ans. (1)
F F
_} q—
2 2_p2
G_J 7R2 c“nR
Electrostatics repulsive force ; Fele = fo ; F = Fele = 2z
Ans. (4)
In equilibrium,
mg = qE
In absence of electric field,
mg = 6ninrv
= gE = 6nqrv
4 9E

m= 3nRrad. = 9
3

(Y

3 6nnv g

After substituting value we get,
g =38 x 10-19 C Ans.

L 4

Sol.  According to option (A) the electric field due to P and S and due to Q and T add to zero. While

due to U and R will be added up. Hence the correct option is (A).

Sol. (3) The electric field at the surface will be due to all charges. However, net flux coming out of the
Qn _ 4G
net = f = P =0
surface will be = 0 0
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