Electrostatic Potential

and Capacitance

Numerical

Q.1 The electric field in an electromagnetic wave is given by E = (50 NC-1)
sinw (t - x/c)

The energy contained in a cylinder of volume V is 5.5 x 10-12 ]. The value of V is
cm3. (given €€p = 8.8 xx 10-12C2N-1m~2)
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Q.2 Consider an electrical circuit containing a two way switch 'S'. Initially S is open
and then T is connected to T2. As the current in R = 6() attains a maximum value of
steady state level, T1 is disconnected from T2 and immediately connected to Ts.
Potential drop across r = 3(Q) resistor immediately after T1 is connected to T3 is

V. (Round off to the Nearest Integer)
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Q.3 A particle of mass 1 mg and charge q is lying at the mid-point of two stationary



particles kept at a distance '2 m' when each is carrying same charge 'q’. If the free
charged particle is displaced from its equilibrium position through distance 'x' (x < <
1 m). The particle executes SHM. Its angular frequency of oscillation will be

x 105 rad/s if g2 = 10 C2.
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Q.4 A body having specific charge 8 uC/g is resting on a frictionless plane at a
distance 10 cm from the wall (as shown in the figure). It starts moving towards the
wall when a uniform electric field of 100 V/m is applied horizontally towards the
wall. If the collision of the body with the wall is perfectly elastic, then the time
period of the motion will be S.

100 V/m
Body —>—
LLA ST AALLLELLAALLLLA
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Q.5 An infinite number of point charges, each carrying 1 puC charge, are placed along
they-axisaty=1m,2m,4 m, 8 m .............

The total force on a 1C point charge, placed at the origin, is x x 103 N.

The value of x, to the nearest integer, is . [Take 1+| =9 x 10? Nm?/C?]
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Q.6 27 similar drops of mercury are maintained at 10V each. All these spherical
drops combine into a single big drop. The potential energy of the bigger drop is
times that of a smaller drop.
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Q.7 Two small spheres each of mass 10 mg are suspended from a point by threads
0.5 m long. They are equally charged and repel each other to a distance of 0.20 m.



The charge on each of the sphere is %

% 1073C. The value of 'a’ will be [Giveng =10 ms 2]
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Q.8 In the given circuit of potentiometer, the potential difference E across AB (10 m
length) is larger than E; and E2 as well. For key K (closed), the jockey is adjusted to
touch the wire at point J1 so that there is no deflection in the galvanometer. Now the
first battery (E1) is replaced by second battery (Ez) for working by making K; open
and K> closed. The galvanometer gives then null deflection at J.. The value of

Ei .. a

E: 7 b'wherea =

|
I
Rh Jz<—60cm—>| :
I
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Numerical Answer Key

Ans. (500)
Ans. (3)
Ans. (6)
Ans. (1)
Ans. (12)
Ans. (243)
Ans. (20)
Ans. (1)
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Numerical Explanation

Ans 1.

E = Fl]sin(wt— —a ;1:)

Energy density = 3 €0y

12

Energy of volume V = éeuEﬁ. V=55bx10

12

388 x 10 " x 2500V = 5.5 x 10 *?

Lr o —5'5 <2 = 5 3
Hooxss — -000om

=.0005 x 106 (c.m)3

=500 (c.m)3

Ans 2. What T1 and T» are connected, then the steady state current in the
I-2=14

inductor

When T and Tz are connected then current through inductor remains same. So
potential difference across 3()

V=Ir=1xx3=3Volt
Ans 3.
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Net force on free charged particle

F— kq* B kq*
(d+z)° (d-z)°

So, angular frequency

| dkg®
W =
e
[ 4x0x107%10
o= 2221 x18
1x10 9x1?

w = 6 x 10® rad/sec

Ans 4. Given,

q=8uC/g=8 x 1078 Clg=8 x 1073 Clkg
s=10cm=0.1m=E=100V/m

foree(F)

mass(m)

We know that acceleration, a =

:;»a:%['.'F:qE]

— Bx10 "x100 _ 3 g mg—2
10* '



As per question, when electric field is switched on, the body strikes to the wall and
then returns back.

For one oscillation,

_ i 2
5-ut+§a’[

=01=1 x08¢[, u=0]

= 02=081

2 _ 42 21 _ 1
::»E—t = _E:H_E

. Time period = 2 x % =1s

Therefore, if the collision of the body is perfectly elastic, the time period of motion
will be 1s.

Ans 5.
1Cc| 1uC 1pC 1uC uC =
& & &
1 2 4 8. y >
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Fow = 112 1 210 S

3
1 Ta T3

=9 x10° x 10°° _1+(%]2+(

=910 x10 % | 2L ]
S0 =1%] forae

:9><1l]3><% 12 x 10° N

Ans 6.
27) ($7r°) = 3R°

R=3r

Potential energy of smaller drop :

Potential energy of bigger drop

3 RQ*
U=sTx
3 k27’
U— 5 R

U= Ek {2?}{2’?}:}2
5 T —

3r
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U=2431,

Ans 7.

Tsing=

L

T cosfl =mg

fep®
mgrt

tand =

2 _ tan fmgr®
9= =%

. S . |
stand = o E g
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after comparison from the given equation a = 20
Ans 8. Length of AB=10m

For battery E1, balancing length is 11

11 =380 cm [from end A]



For battery E, balancing length is 1,
l2 =760 cm [from end A]

E, Iy

Mow we know that =
' E, Iy

L, Er 380 1 _a
Ea T60 2 b
sa=1&b=2
a=1

MCQ (Single Correct Answer)

Q.1 Two particles A and B having charges 20uuC and --5upuC respectively are held
fixed with a separation of 5 cm. At what position a third charged particle should be
placed so that it does not experience a net electric force?

20 nC -5 uC
A 5cm 1‘3

@ At 5 cm from 20 pC on the left side of system
@ At 5 cm from —5 pC on the right side
G At 1.25 cm from —5 pC between two charges

Q At midpoint between two charges
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Q.2 For full scale deflection of total 50 divisions, 50 mV voltage is required in
galvanometer. The resistance of galvanometer if its current sensitivity is 2 div/mA
will be :



0 1
O 50
G-ﬁlﬂ
0 20
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Q.3 The Colour coding on a carbon resistor is shown in the given figure. The
resistance value of the given resistor is:

——

Gold
Red
Green
Violet

@ (5700 + 285) (2

@ (7500 = 750) 2
@© (5700 £ 375) 02

Q (7500 + 375) 2
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Q.4 If you are provided a set of resistances 2(), 4}, 6 and 8(Q). Connect these

. . . . 46
resistances so as to obtain an equlvalent resistance Of? Q



© 4Q and 6Q are in parallel with 2(2 and 8(2 in series
© 612 and 8Q are in parallel with 2§ and 412 in series
© 22 and 652 are in parallel with 4€2 and 812 in series

@ 22 and 49 are in parallel with 6£2 and 8(2 in series

26th Aug Evening Shift 2021

Q.5 A solid metal sphere of radius R having charge q is enclosed inside the

concentric spherical shell of inner radius a and outer radius b as shown in the figure.
—

E

The approximate variation electric field — as a function of distance r from centre O

is given by
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Q.6 The resistance of a conductor at 15°C is 16Q and at 100°C is 200. What will be
the temperature coefficient of resistance of the conductor?

@ oo010°c?

©® 0033°c

® 0003°c

© 00420¢c1
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Q.7 What will be the magnitude of electric field at point O as shown in the figure?
Each side of the figure is 1 and perpendicular to each other?

A(—9q) c i D

22) (+9)
1 1
B H;q C—G @)
1 l
e L _|@ -9
E F H

1 q s
© == (2v2-1)
q
G dweg(21)°
0 == (V2)
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Q.8 Two identical tennis balls each having mass 'm' and charge 'q' are suspended
from a fixed point by threads of length 'l'. What is the equilibrium separation when
each thread makes a small angle '0' with the vertical?

0:- ()

2megmyg

b =

5| =

J— EEI
e I = (er.fu;rug)



sz( g’ )?

Imegmig?
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Q.9 In the given potentiometer circuit arrangement, the balancing length AC is

measured to be 250 cm. When the galvanometer connection is shifted from point (1)

to point (2) in the given diagram, the balancing length becomes 400 cm. The ratio of
(=)

i
the emf of two cells =2 is:

®©@ 06 ©

@
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b | s

Q.10 An electric dipole is placed on x-axis in proximity to a line charge of linear
charge density 3.0 xx 10-6 C/m. Line charge is placed on z-axis and positive and
negative charge of dipole is at a distance of 10 mm and 12 mm from the origin
respectively. If total force of 4N is exerted on the dipole, find out the amount of
positive or negative charge of the dipole.



@ 04385mC

@ 815.1nC
© 83 ucC

Q@ 444 pcC
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Q.11 A Copper (Cu) rod of length 25 cm and cross-sectional area 3 mm? is joined
with a similar Aluminium (Al) rod as shown in figure. Find the resistance of the
combination between the ends A and B.

(Take Resistivity of Copper = 1.7 x 10-8 Qm and Resistivity of Aluminium =
2.6 x 10--8 (Am)

"
() Al

22th July Evening Shift 2021

Q.12 A certain charge Q is divided into two parts q and (Q - q). How should the
charges Q and q be divided so that q and (Q - q) placed at a certain distance apart
experience maximum electrostatic repulsion?

0 Q-=-2q
0 Q=4
© Q-=3q
@a-:
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Q.13 A current of 5 A is passing through a non-linear magnesium wire of cross-
section 0.04 m2. At every point the direction of current density is at an angle of
60° with the unit vector of area of cross-section. The magnitude of electric field at
every point of the conductor is:

(Resistivity of magnesium p = 44 x 10-8 Qm)

O 1 x105vm
© 1 x103vm
O 11 x 10 7vm

@ 1 x102vim
20th July Morning Shift 2021
Q.14 An oil drop of radius 2 mm with a density 3g cm-3 is held stationary under a

constant electric field 3.55 x 105 V m-1 in the Millikan's oil drop experiment. What is
the number of excess electrons that the oil drop will possess? (consider g = 9.81

m/s2)
O 135 x 101

© 173 x 10"
© 173 x 1010

@ 173 x 1012
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Q.15 A current of 10A exists in a wire of cross-sectional area of 5 mm2 with a drift
velocity of 2 x 10-3 ms-1. The number of free electrons in each cubic meter of the
wire is



O 625 « 1025

© 1 <105

©®2x10%
® 2 < 106
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Q.16 Find out the surface charge density at the intersection of point x = 3 m plane
and x-axis, in the region of uniform line charge of 8 nC/m lying along the z-axis in
free space.

O 0424ncm2

© s0ncm2

® 4783Cm

® 007nCcm2
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Q.17 A conducting wire of length 'I', area of cross-section A and electric
resistivity pp is connected between the terminals of a battery. A potential difference
V is developed between its ends, causing an electric current.

If the length of the wire of the same material is doubled and the area of cross-section
is halved, the resultant current would be:



VA
Q4
3 VA

(5 Ry
VA
Qi

1 ol
4 VA
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Q.18 Two electrons each are fixed at a distance '2d". A third charge proton placed at
the midpoint is displaced slightly by a distance x (x << d) perpendicular to the line
joining the two fixed charges. Proton will execute simple harmonic motion having
angular frequency: (m = mass of charged particle)
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Q.19 A cube of side 'a’ has point charges +Q located at each of its vertices except at
the origin where the charge is —Q. The electric field at the centre of cube is :

R4

+Q +Q

+Q +Q

+Q
+Q —Q




O ——— EF+7+32)

34/ 3megal

Q P
G 3/ 3megal [I Ty+ :}

O - F+7+32)

3/ 3megal
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MCQ Answer Key
1. Ans. (b) 10. Ans. (d) 19. Ans. (d)
2. Ans. (d) 11. Ans. ()
3. Ans. (d) 12. Ans. (a)
4. Ans. (d) 13. Ans. (a)
5. Ans. (a) 14. Ans. (b)
6. Ans. (c) 15. Ans. (a)
7. Ans. (b) 16. Ans. (a)
8. Ans. (b) 17. Ans. (c)
9. Ans. (a) 18. Ans. (b)



MCQ Explanation

Ans 1. Null point is possible only right side of -5 pC

20uC —SucC
- . N
X
Ev — _|_J:{ 5uC) | k(20u0) 0
N = x? (51z)*
x=5cm
Ans 2.
Jfrm'r.uc — % = 25 mA
_ vV mmV __ .
R = T — 25maA 202
Ans 3.
R =75 x 102 + 5% of 7500
R = (7500 £ 375) (2
Ans 4.
20
MWW
6Q  8Q
*— —VWW—VW\—e
A B
AW
40
A—W— B
£

Ans 5. Considering outer spherical shell is non-conducting.
Electric field inside a metal sphere is zero.

r<R=>E=0



k()
r:=F€=>-Ez%‘

E
kQ
R> \
=R r
Option (b)

I;R r=a 1=b
Ans 6.
16=Ry[1+a (15 —Tp)]

20=Rp [1+ a (100 — Tp)]



Assuming To = 0°C, as a general convention.

16 _ 1 e 15
20 1= 100

— o =0.003°C]

Ans 7.

A(— [ D
n 2)q ("D
[ i E,
B ()q < G(2q)
I B , !
E,|!l [
20 1 @ |-
E F H
Ans 8.
I |
I Ie T
g2 D1 & Kq*
: v
q ! q
< X > mg
T cosf = mg
Tsinf = T;
tanf = -&

*myg



tanf =~ sinf ~ =
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£ qu
al. szg
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2weomyg
Ans 9.
El -+ Ez e MZ . |:||:|.
B4 me s
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SE:[ — EEI _|_5E2

B
Ans 10.
<2mm
O— o .
A rr -

[F| = q(B1 — E)

= (q)2kA [ﬁ}

—=4=(g) x2x9x10° x (3 x10 ﬁ}[

;}
= 130 10 3



Pl
Re, = 2

gl
Ry =—;

_ Pouxpa I
Rpg = gomon < (A)

— 17x10 B2 G100 " w 026
(L7+2.6)=10 ® 3x10 ©

= 0.856 m{2

Ans 12. Let's say the charge q and (Q - q) are at r distance from each other. This can

be shown as

@< ________________________________ , Q-9

r

According to Coulomb's law, force between both the parts can be given as

kq(c)—q)

ys
e

F =

F=2%(qQ— ¢

As we know that % = 0. for maximum force.

= £(Q—-29)=0=Q=2g

2
Ans 13. Given, current, [ = 5A

Area of cross-section of wire, A = 0.04 m?

We know that, J = %



orf=J.Aor] =.JAcosH

where, | = current density.
= 5=J (ﬁ) x cos(60°) [-.- Given, 8 = 60°]

J =500 x § [ cos60” = 1]

2]

=] =250 Am-2

The relation between electric field, current density and resistivity can be given as,

E=p.]
= 44 5% 1078 % 250 [-. Resistivity, p = 44 x 1072 2-m]

=11 x 102 V/m

Ans 14.

F. = qE

mg

Fe=qE=(ne)E

Fe =mg

(ne)E =mg

 mg p:—t:rﬂs-_q
ol ek



3EH]EI><%><3.14 “Bxl1l ?=0.8

n =
L1 ™

w3.56%10°

n — 984104x10° _ 4 79 . 10l0

5.68
n=1.73 x 10"
Ans 15.
I =neAV;
I |

10
1610 5% 10 ®x2x10?

— % — 6.25 % 107 = 625 % 102

Ans 16.

Electric field due to wire is given by E = zf"

i

Electric field with surface charge density E = =

2kA _ o
T g
1 A o
= Yoy T T e
—E Ju—
2x3.14x3

— g =0.424nCm—2

Ans 17. We know that

{



Now, new length : I’ =21

new area of cross section: A'=A/2

.. New resistance - R’ = p. —

472
; I
. New resistance : R' = p. %
— R =42
—
= R =4R
. Resultant current - I = 4‘5_

{

- >\
o s iy e
F J F

Fsino Fsin®

As we know that,

Coulomb's force between two charges. i.e., q1 and qz,

1 q142 1 q1qz -
F= = |
dmey TI drey [dz | Igj ..... { }

Here,q1 = ¢ = ¢q
Force in SHM, F = mw’z ... (ii)

Since, in order to have SHM +q should move downwards and force responsible for
this will be only



F'= Fsinf + Fsinfl = 2Fsinf .. (iii)

Using Eqgs. (ii) and (iii), we get
2F sin # = mw’z
7 qz

- ]
=~ _sinf=mw'z
4rr-_-'" [|iJ | I*]

s
o £

= El z = muiT

dmeg (d242%) (g2 p2)'?

1/2
2 J
= w= | T
2mey (d24 zx]-‘-'xm

As x << d

W= 1 ']rz 12
' T\ 2meg md®

Ans 19. We can replace - Q charge at origin by + Q and - 2Q. Now, due to + Q charge
at every corner of cube, electric field at centre of cube is zero. So, net electric field at
centre is only due to - 2Q charge at origin. Vector form of electric field strength,

_ Kygr
E_r3

Here, position vector, r = 5 (Z + 3y + 2)

E= 2O(T+i+2)

3 %"..3 wle Il



1.

Ten charges are placed on the circumference of a circle of
radius R with constant angular separation between
successive charges. Alternate charges 1, 3, 5, 7, 9 have
charge (+g) each, while 2, 4, 6, 8, 10 have charge (—¢q)
each. The potential V and the electric field £ at the centre
of the circle are respectively :

(Take V=0 at infinity) [Sep. 05, 2020 (ID)]

@ V=—29_.p_g
4meyR
(b) V=0, E= 10’;
e
() V=0E=0 '
) V= 10¢q E 10¢g

Two isolated conducting spheres S| and S, of radius %R

and %R have 12 uC and -3 pC charges, respectively, and

are at a large distance from each other. They are now
connected by a conducting wire. A long time after this is
done the charges on S, and S, are respectively :

[Sep. 03,2020 (1)]
(a) 4.5 uC on both (b) +4.5 pCand 4.5 uC
() 3pCand6uC (d) 6 uCand3 puC
Concentric metallic hollow spheres of radii R and 4R hold
charges O, and Q, respectively. Given that surface charge

densities of the concentric spheres are equal, the potential
difference M(R)— V(4R)is: [Sep. 03, 2020 (1I)]

30 30,
@ 16me R ®) 4meg R
9 30,
© 4ney R @ 4negR

A charge Qis distributed over two concentric conducting
thin spherical shells radii » and R (R > r). If the surface
charge densities on the two shells are equal, the electric
potential at the common centre is : [Sep. 02, 2020 (IT)]

(D

1 (R+7) w L @R+r)
@ 4mg, 2(R2+r2)Q ® ey (R* +17)
© L (R+20 @ 1 (R+7)

4ney 2(R* +r%) dney (R +77)
A point dipole = ; —p, x keptat the origin. The potential

and electric field due to this dipole on the y-axis at a
distance d are, respectively : (Take V= 0 at infinity)
[12 April 2019 1]

p -P

P
5 s b 0’
@) regd® dmegd O aneyd
7 P
0’__ d —’
© e, d’ @ regd® ame,d’

A uniformly charged ring of radius 3a and total charge q
is placed in xy-plane centred at origin. A point charge q is
moving towards the ring along the z-axis and has speed v
at z=4a. The minimum value of v such that it crosses the
origin is : [10 April 2019 1]

(4 o 172 (1 o 12
@ H =2 ® > -
m { 15 4negjpa m | 54mgja
172 172
[2(2 ¢ [2(1 ¢
_ —_— d — —
© m[lS 4n£0aj @ m[lS 4mega

A solid conducting sphere, having a charge Q, is
surrounded by an uncharged conducting hollow spherical
shell. Let the potential difference between the surface of
the solid sphere and that of the outer surface of the hollow
shell be V. Ifthe shell is now given a charge of —4 Q, the
new potential difference between the same two surfaces
is: [8 April 2019 I]
(@ -2V (b) 2V (c) 4V d) \Y%




Electrostatic Potential and Capacitance

10.

11.

12.

13.

p-255

The electric field in a region is given by E = (Ax + B)[ ,
where E is in NC! and x is in metres. The values of
constants are A = 20 SI unit and B = 10 SI unit. If the
potential at x = 1 is V, and that at x = -5 is V,,, then

V,—V,is: [8 Jan. 2019 II]

(@ 320V (b) —48V (c) 180V  (d) -520V

The given graph shows variation (with distance r from centre )

of : [11 Jan. 2019 I]
I, r

(@) Electric field of a uniformly charged sphere

(b) Potential of auniformly charged spherical shell

(c) Potential of a uniformly charged sphere

(d) Electric field of a uniformly charged spherical shell
A charge Q is distributed over three concentric spherical
shells of radii a, b, ¢ (a <b < ¢) such that their surface
charge densities are equal to one another.

The total potential at a point at distance r from their

common centre, where r < a, would be:
[10 Jan. 2019 I]

Q ab+bc+ca Qa*+b*+c?)

@) 12ne, abc 4ne,(a’ +b° +¢?)
Q(a+b+c)

© 4ney(a+b+c) (d) 41'ceo(a2+b2+c2)

Two electric dipoles, A, B with respective dipole

moments dpa =—4qai and dg =—2qai areplaced on

the x-axis with a separation R, as shown in the figure
— > R ——

e o X
A B

The distance from A at which both of them produce the
same potential is: [10 Jan. 2019 I]

R V2R

@) V2 +1 (b) V241
R J2R
© -1 @ 2

Consider two charged metallic spheres S, and S, of radii
R, and R,, respectively. The electric fields £, (on §}) and
E, (on S,) on their surfaces are such that E/E, = R|/R,.
Then the ratio V;(on §;)/V,(on §,) of the electrostatic
potentials on each sphere is: [8 Jan. 2019 II]
@ R,/R, (b) (R,/R,)?

3
© (Ry/R,) d [%]
2

Three concentric metal shells A, B and C of respective

radii a, b and ¢ (a < b < c¢) have surface charge densities

+0,—c and +o respectively. The potential of shell B is:
[2018]

14.

15.

16.

17.

18.

19.

o |a?-b? o | a%—b?
@ a{ : } ® %{ b }

c b2—02 c b2—02
(©) e—o{ b *a} (d) e—o{ . *a}

There is a uniform electrostatic field in a region. The
potential at various points on a small sphere centred at P,
in the region, is found to vary between in the limits 589.0 V
to 589.8 V. What is the potential at a point on the sphere
whose radius vector makes an angle of 60° with the direction
of the field ? [Online April 8,2017]
(@) 5805V (b) 5892V (c) 5894V (d) 589.6V
Within a spherical charge distribution of charge density
p(r), N equipotential surfaces of potential V), V, + AV, V,
+ 2AV, ......... V, + NAV (AV > 0), are drawn and have
increasing radii ry, 1y, Tp,......... ry» respectively. If the
difference in the radii of the surfaces is constant for all
values of Vi, and AV then : [Online April 10,2016]

1
®) p) =

(@) p(r)=constant

© po) e ) p(r)eer

The potential (in volts) of a charge distribution is given by
V(z)=30-5z?for || < Im

V(z)=35-10|z|for |z| > 1 m.

V(z) does not depend on x and y. If this potential is
generated by a constant charge per unit volume p;, (in
units of g,) which is spread over a certain region, then
choose the correct statement. [Online April 9,2016]
(@) py=20¢;in the entire region

(b) py=10¢,for|z|]<1mand p, =0 elsewhere

(©) py=20¢,for|z]<1mand p, =0 elsewhere

(d) p,=40 g, in the entire region

A uni?ormly c%arged solid sphere of radius R has potential

V,, (measured with respect to «) on its surface. For this
spohere the equipotential surfaces with potentials
3Vo 5Vy 3V Vo .

> a1 and e haveradiusR|,R,, R;andR,
respectively. Then [2015]
(@ R;=0andR, <(R,—Rj;)

(b) 2R=R,

(© R;=0andR,>(R,—-R;)

(d) R;#0and(R,-R))>(R,—R;)

An electric field E=(251+30j)NC ™! exists in a region of

space. If the potential at the origin is taken to be zero
then the potential at x =2 m, y =2 m is :

[Online April 11, 2015]
(@ -110J (b) -140J (c¢) —-120J (d) -130J
Assume that an electric field E = 30x?{ exists in space.
Then the potential difference V, —V,, where V, isthe
potential at the origin and V, the potential atx =2 mis:
(@ 120J/C (b) —120J/C [2014]
(c) -80J/C (d) 80J/C
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20.

21.

22.

23.

24.

25.

Consider a finite insulated, uncharged conductor placed

near a finite positively charged conductor. The uncharged

body must have a potential :  [Online April 23, 2013]

(a) less than the charged conductor and more than at
infinity.

(b) more than the charged conductor and less than at
infinity.

(c) more than the charged conductor and more than at
infinity.

(d) less than the charged conductor and less than at
infinity.

Two small equal point charges of magnitude ¢ are

suspended from a common point on the ceiling by

insulating mass less strings of equal lengths. They come

to equilibrium with each string making angle 6 from the

vertical. If the mass of each charge is m, then the

electrostatic potential at the centre of line joining them will

be[ ! =k].
dn g

(@ 2.kmgtan® (b) Jkmgtan®
(c) 4kmg/tan0 (d) +Jkmg/tan®

A point charge of magnitude+ 1 uC is fixed at (0, 0, 0). An
isolated uncharged spherical conductor, is fixed with its
center at (4, 0, 0). The potential and the induced electric
field at the centre of the sphere is : [Online April 22,2013]
(a) 1.8x10°Vand—5.625x10°V/m

(b) 0Vand0V/m

(c) 2.25x10°Vand—5.625 x 10°V/m

(d) 2.25x10°Vand0V/m

A charge of total amount Q is distributed over two
concentric hollow spheres of radii » and R (R > r) such that
the surface charge densities on the two spheres are equal.

The electric potential at the common centre is
[Online May 19, 2012]

(R-r)0O o L (R+7)0

[Online April 22,2013]

(@)

1 (R+r)0Q 1

© Em (R-r)0

4m02@2+ﬂ)

The electric potential (x) in a region around the origin is
given by V(x) = 4x2 volts. The electric charge enclosed in
acube of | m side with its centre at the origin is (in coulomb)
[Online May 7, 2012]
(@) 8g, (b) 4, (© 0 (d) — 8¢
The electrostatic potential inside a charged spherical ball is
given by ¢ = ar? + b where ris the distance from the centre
and a, b are constants. Then the charge density inside the
ballis: [2011]
(a) —bagyr
() —bag,

(b) —24nag,
(d) —24magyr

26.

27.

28.

29.

30.

An electric charge 1073 1 C is placed at the origin (0, 0) of
X — Y co-ordinate system. Two points 4 and B are situated
at (ﬁ, \/5) and (2, 0) respectively. The potential
difference between the points 4 and B will be [2007]

(@) 4.5volts (b) 9 volts

(¢) Zero (d) 2volt

Charges are placed on the vertices of a square as shown.

Let E be the electric field and ¥ the potential at the
centre. If the charges on 4 and B are interchanged with

those on D and C respectively, then [2007]
q q
A B
D C
—-q —-q

(a) E changes, V' remains unchanged

(b) E remains unchanged, /' changes

(c) both Eand V change

(d) E and ¥V remain unchanged

The potential at a point x (measured in p m) due to some
charges situated on the x-axis is given by V(x) = 20/(x% —4)
volt. The electric field £ atx=4 pmis given by [2007]
(@ (10/9) volt/ p m and in the +ve x direction

(b) (5/3) volt/ u m and in the —ve x direction

(c) (5/3) volt/ p m and in the +ve x direction

(d) (10/9)volt/ p m and in the —ve x direction

Two thin wire rings each having a radius R are placed at a
distance d apart with their axes coinciding. The charges
on the two rings are +¢q and -q. The potential difference

between the centres of the two rings is [2005]
g |1 1] gR
(@) > T ® —F
ne | R JR2 4+ 4% | 4n g d?
q 1 1
(c) —= (d) zero
4r g _R / R?+4? |

A thin spherical conducting shell of radius R has a charge
q. Another charge Q is placed at the centre of the shell.

The electrostatic potential at a point P, a distance 5

from the centre of the shell is [2003]
20 20 g

@) 4ne, R () 4ne,R 4me,R
20 4 (g+0)2

© 4ne,R 4me,R 4ne, R
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Electric Potential Energy and
Work Done in Carrying a

A solid sphere of radius R carries a charge Q + ¢ distributed
uniformaly over its volume. A very small point like piece of

it of mass m gets detached from the bottom of the sphere ~ 34-

and falls down vertically under gravity. This piece carries
charge ¢. If it acquires a speed v when it has fallen through
avertical height y (see figure), then : (assume the remaining
portion to be spherical).

[Sep. 05, 2020 (D)]

-
ol
v

@ 12 =y{"—%+g]
4negR"ym

2 _ qQ
(&) v = yLnsOR(Rw)m +g}
(c) V= 2y{Q+3+g1

4neg(R+y) m 36.

2 qQ

(@ vi =2y {4n80R(R+ o }

A two point charges 4 and —q are fixed on the x-axis at

X= —% and x = %, respectively. If a third point charge

‘q’ is taken from the origin to x = d along the semicircle as
shown in the figure, the energy of the charge will :

[Sep. 04,2020 ()]

L

2

(a) increase by

4meod
2

b) i b
(b) increase by Snegd

q2

4meyd
2

(c) decrease by

49
3neyd

(d) decrease by

33.

3s.

37.

Hydrogen ion and singly ionized helium atom are
accelerated, from rest, through the same potential
difference. The ratio of final speeds of hydrogen and
helium ions is close to : [Sep. 03, 2020 (ID)]
(@ 1:2 (b) 10:7

(c) 2:1 d) 5:7

In free space, a particle A of charge 1 uC is held fixed at a
point P. Another particle B of the same charge and mass 4
ng is kept at a distance of 1 mm from P. If B is released,
then its velocity at a distance of 9 mm from P is :

Take =9x10° Nm>C™?

Ane, [10 April 2019 II]

(@) 1.0m/s (b) 3.0x10*m/s

(¢) 2.0x10° m/s (d) 1.5x10%m/s

A system of three charges are placed as shown in the
figure:

D—»

A

*a | -q Q

—d—>!

IfD >>d, the potential energy of the system is best given
by [9 April 2019 1]

1 [—¢* —q0d 1 [-¢? 2qu}
(a) 47560[ d 2D2} (b) 47Z€0|: d - D?

> q0d > q0d
O o] g L

A positive point charge is released from rest at a distance
r, from a positive line charge with uniform density. The
speed (v) of the point charge, as a function of
instantaneous distance » from line charge, is proportional

to: [8 April 2019 11|

4r e,

«— T —>

(a) Vo e+r/r0

()
ORES Y

() ()
(¢) vocin Lro) d) v LI’OJ
There is a uniform spherically symmetric surface charge
density at a distance R from the origin. The charge
distribution is initially at rest and starts expanding because
of mutual repulsion. The figure that represents best the
speed V (R(t)) of the distribution as a function of its
instantaneous radius R(t) is: [12 Jan. 2019 I]
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38.

39.

40.

VR VR()

(@) (b)

> R (1) P
R, R, R (t)

VR(1))
A

VR(®)

Vl

© (d)

R, R () ” R, R(t)
Three charges Q, + q and + q are placed at the vertices of
a right-angle isosceles triangle as shown below. The net

electrostatic energy of the configuration is zero, if the value
of Qis: [11 Jan. 2019 1]

»

Q

tql— A\ +q

@ +q (b)

© 5 @ —2q

Four equal point charges Q each are placed in the xy
plane at (0, 2), (4, 2), (4, — 2) and (0, — 2). The work
required to put a fifth charge Q at the origin of the
[10 Jan. 2019 II]

coordinate system will be:
wlE) o)

a 1+— b) —|1+—

@ 4me, 3 ®) 4me, J5

QZ

4me,

Q¢
© e @

Statement 1 : No work is required to be done to move a

test charge between any two points on an equipotential

surface.

Statement 2 : Electric lines of force at the equipotential

surfaces are mutually perpendicular to each other.

[Online April 25, 2013]

(a) Statement 1 istrue, Statement 2 is true, Statement 2 is
the correct explanation of Statement 1.

(b) Statement 1 is true, Statement 2 is true, Statement 2 is
not the correct explanation of Statement 1.

(c) Statement 1 istrue, Statement 2 is false.

(d) Statement 1 is false, Statement 2 is true.

41.

42.

43.

44.

An insulating solid sphere of radius R has a uniformly
positive charge density p. As a result of this uniform charge
distribution there is a finite value of electric potential at
the centre of the sphere, at the surface of the sphere and
also at a point outside the sphere. The electric potential
at infinite is zero. [2012]
Statement -1 When a charge g is taken from the centre
to the surface of the sphere its potential energy changes

qp
by — .
Y 380
Statement-2 The electric field at a distance r (» <R) from

the centre of the sphere is b .
380

(a) Statement 1 istrue, Statement 2 is true; Statement 2 is
not the correct explanation of statement 1.

(b) Statement | is true Statement 2 is false.

(c) Statement | is false Statement 2 is true.

(d) Statement 1 istrue, Statement 2 is true, Statement 2 is

the correct explanation of Statement 1

Two positive charges of magnitude ‘g’ are placed, at the

ends of a side (side 1) of a square of side ‘2a’. Twonegative

charges of the same magnitude are kept at the other corners.

Starting from rest, ifa charge Q moves from the middle of

side 1 to the centre of square, its kinetic energy at the

centre of square is [2011 RS]

® w21 )

1 290 2 1 290 1
© 4ne, a [l_ﬁj @ 4ne, a [lix/gj
Two points P and Q are maintained at the potentials of 10
V and — 4 V, respectively. The work done in moving 100
electrons from P to Q is: [2009]
(@ 9.60x10717] (b) —2.24x 107167
(c) 2.24x 107167 (d) —9.60x 107177
Two insulating plates are both uniformly charged in such
a way that the potential difference between them is V, —
V,=20V. (i.e., plate 2 is at a higher potential). The plates
are separated by d = 0.1 m and can be treated as infinitely
large. An electron is released from rest on the inner surface
of plate 1. What is its speed when it hits plate 2?7 (e=1.6
10719 C,m,=9.11 x 103! kg) [2006]

(a) zero

€— 0.l m—>

1 2

(@) 2.65x10°m/s
(c) 1.87x10°m/s

(b) 7.02x102m/s
(d) 32x 10 m/s
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49.

50.

47.
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k)

A charged particle ‘g’ is shot towards another charged
particle ‘Q’ which is fixed, with a speed ‘v’. It approaches
‘Q’ upto a closest distance r and then returns. If g were
given a speed of ‘2v’ the closest distances of approach
would be [2004]
(@ »2 (b) 2r (© r (d) »4

On moving a charge of 20 coulomb by 2 cm, 2 J of work
is done, then the potential difference between the points
is [2002]
(a) 0.1V (b)) 8V (c) 2V (d) 05V

‘Capacitors, Grouping of
Capacitors and Energy Stored
in a Capacitor

Two capacitors of capacitances C and 2C are charged to
potential differences V and 2V, respectively. These are then
connected in parallel in such a manner that the positive
terminal of one is connected to the negative terminal of the
other. The final energy of this configuration is :

[Sep. 05,2020 (I)]
3 2
> (0)%

25
@ OV ©)

9
@ SOV
In the circuit shown, charge on the 5 pF capacitor is :
[Sep. 05, 2020 (ID)]
4 uF
| ||
[ I

(c) zero

== 5uF

| i |
ov O 6V
(@ 18.00uC (b) 10.90uC

(c) 1636uC (d) 545pC

A capacitor C is fully charged with voltage V|,. After
disconnecting the voltage source, it is connected in parallel

with another uncharged capacitor of capacitance g The
energy loss in the process after the charge is distributed
between the two capacitors is : [Sep. 04,2020 (ID)]

1

(a) %CVOZ (b) 5CVO2

1 2 1 2
—CV, d) —CV;
(© 400 (d) 6C 0

In the circuit shown in the figure, the total charge is 750 pC
and the voltage across capacitor C, is 20 V. Then the

charge on capacitor C,, is : [Sep. 03,2020 (I)]

C,=15uF__ {2
—

C,=8uF

51.

52.

53.

54.

55.

(@) 450pC (b) 590uC
(c) 160pC (d) 650puC
A5 pF capacitor is charged fully by a 220 V supply. It is
then disconnected from the supply and is connected in
series to another uncharged 2.5 uF capacitor. If the energy

X
change during the charge redistribution is 100 Jthen value

of X to the nearest integer is .

[NA Sep. 02, 2020 (I)]
A 10 uF capacitor is fully charged to a potential difference
of 50 V. After removing the source voltage it is connected
to an uncharged capacitor in parallel. Now the potential
difference across them becomes 20 V. The capacitance of

the second capacitor is : [Sep. 02, 2020 (ID)]
(@) 15pF (b) 30uF
(c) 20pF (d) 10pF

Effective capacitance of parallel combination of two
capacitors C; and C, is 10 pF. When these capacitors are
individually connected to a voltage source of 1 V, the
energy stored in the capacitor C,, is 4 times that of C,. If
these capacitors are connected in series, their effective
capacitance will be: [8 Jan. 2020 I
(@ 42uF  (b) 32uF (c) 1.6yF (d) 84pF

A capacitor is made of two square plates each of side ‘@’
making a very small angle a between them, as shown in
figure. The capacitance will be close to: [8 Jan. 2020 II]

le/f{_ .........
d{ :
-
@ 607612(1—3—2] ®) eodaz (1
© e"daz (1+%} (d) eodaz (“%)

A parallel plate capacitor has plates of area A separated
by distance ‘d’ between them. It is filled with a dielectric
which has a dielectric constant that varies as k(x) = K(1 +
ox) where ‘x’ is the distance measured from one of the
plates. If (ad) <<1, the total capacitance of the system is
best given by the expression: [7 Jan. 2020 I]

o e, u)

d 2 /7
:
o 4212 //
o 4ok, 207 /
(d) Alzeo(lmcd) ) )
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56. A 60 pF capacitor is fully charged by a 20 V supply. Itis  60. Figure shows charge (q) versus voltage (V) graph for
then disconnected from the supply and is connected series and parallel combination of two given capacitors.
to another uncharged 60 pF capacitor in parallel. The The capacitances are : [10 April 2019 I]
electrostatic energy that is lost in this process by the
time the charge is redistributed between them is (in nJ) quo) A
[NA 7 Jan. 2020 II] //
57. The parallel combination of two air filled parallel plate /
capacitors of capacitance C and nC is connected to a 500 ““/7,/ B
battery of voltage, V. When the capacitors are fully S e
charged, the battery is removed and after that a dielectric 80 ="
material of dielectric constant K is placed between the ' >
two plates of the first capacitor. The new potential 10V V(Voly)
difference of the combined system is: [9 April 2020 II] (@) 40 uFand 10 uF (b) 60 F and 40 uF
nV bV (c¢) 50 pF and 30 puF (d) 20 pFand 30 pF
@) K+n ®) 61. A capacitor with capacitance SuF is charged to 5 uC. If
nv the plates are pulled apart to reduce the capacitance to 2
©) M 4F, how much work is done? [9 April 2019 1]
K+n (K +m) . (@) 625x10°) (b) 3.75x10°6)
58. Two identical parallel plate capacitors, of capa.crcance C (©) 2.16x10°6] (d) 2.55%10°6]
each, have plates of area A, separated by a distance d. i o
The space between the plates of the two capacitors, is 62. Voltage rating of a parallel plate capacitor is 500 V. Its
filled with three dielectrics, of equal thickness and dielectric dielectric can withstand a maximum electric field of 10° V/
constants K |, K, and K. The first capacitors is filled as m. The plate. area is. 104 m2. What is the dielectrif: constant
shown in Fig. I, and the second one is filled as shown in if the capacitance is 15 pF ? [8 April 2019 I]
Fig. I1. (given “(=8.86 x 10712 C2/Nm?)
Ifthese two modified capacitors are charged by the same (@ 3.8 (b) 85 (c) 45 (d) 6.2
potential V, the ratio ofthe energy stored in theltwo, would 3. A parallel plate capacitor has 1pF capacitance. One of its
be (E, refers to capacitors (I) and E, to capacitors (II) : two plates is given + 2uC charge and the other plate,
[12 April 2019 1] +4uC charge. The potential difference developed across
7 %7 W the capacitor is : [8 April 2019 II]
= % I \ (@ 3V (b) 1V (c) 5V d 2v
W 64. In the figure shown, after the switch ‘S’ is turned from
D }& \ (D) position ‘A’ to position ‘B’, the energy dissipated in the
circuit in terms of capacitance ‘C’ and total charge ‘Q’ is:
@ £ _ LSLSLE [12 Jan. 2019 1]
E, (K| +K,+K)(K)K;+KK +K K, A B
© E _ (K, + K, + K5)(K,K; + KK + K K, N <
E, KK, K,
A _ LSS T T s
© E, T (K + Ky + Ky )(K Ky + KK, + K Ky)
@ E _ (K, + K, + K3)(K, K5 +K3K, + K| K,
E 9K, K, K
59. Inth diven i it, the ch e 34 F itor will be : (2) 19 (b) =L © Cles (d) Eleq
. Inthe given circuit, the charge on 4 n capac-l or will be : 2 C 2 C 2 C 4 C
(12 April 2019 ] 65 A parallel plate capacitor with plates of area 1 m? each, are

1 uF

4 ur
SuF

3 uF

10V
(@ 54pC (b) 9.6uC (c¢) 134uC (d) 24pC

at a separation of 0.1 m. If the electric field between the
platesis 100 N/C, the magnitude of charge on each plate is :
CZ

(Take €,=28.85 x 10712 Non)
(b) 6.85x10710C
(d) 9.85x10710C

[12 Jan. 2019 I1]

(@) 7.85x10710C
(c) 8.85x10710C
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66. In the circuit shown, find C if the effective capacitance of 9.

the whole circuit is to be 0.5 pF. All values in the circuit are
in uF. [12 Jan. 2019 1I]

o B

7 6 7
(@) HHF (b) guF (c) 4pF (d) EHF

67. In the figure shown below, the charge on the left plate of
the 10 pF capacitor is —30puC. The charge on the right plate
of the 6uF capacitor is : [11 Jan. 2019 1]

6 uF 71.
4= 1

|| 4uF
(@ -12 uC (b) +12uC
(c) -18uC (d) +18uC

68. Seven capacitors, each of capacitance 2 pF, are to be
connected in a configuration to obtain an effective

6
capacitance of [1 3j puF. Which of the combinations,

shown in figures below, will achieve the desired value?
[11 Jan. 2019 II]

/ﬁk\ IH|

-

®) /4' HHHF

© - /Ak\HAHFa
N

0 N A

__|_ 70.

A parallel plate capacitor having capacitance 12 pF is
charged by a battery to a potential difference of 10 V
between its plates. The charging battery is now
disconnected and a porcelain slab of dielectric constant
6.5 is slipped between the plates. The work done by the

capacitor on the slab is: [10 Jan. 2019 II]
(@ 692p] (b) 508pJ
() 560pl (d) 600pJ

A parallel plate capacitor is of area 6 cm? and a
separation 3 mm. The gap is filled with three dielectric
materials of equal thickness (see figure) with dielectric
constants K, = 10, K, = 12 and K, = 1(4) The dielectric
constant of a material which when fully inserted in
above capacitor, gives same capacitance would be:
[10 Jan. 2019 1]

1
I
|
13 mm
|
I
1

T

|

I
K, | K,

i

1

L

(@ 4 (b) 14 (© 12 (d) 36

A parallel plate capacitor is made of two square plates of
side ‘a’, separated by a distance d (d<<a). The lower
triangular portion is filled with a dielectric of dielectric
constant K, as shown in the figure. Capacitance of this
capacitor is: [9 Jan. 2019 1]

7!
|

a >

Keoa Keoa
@ 24 &+1) ® gx_pmk
© Ke" mK @ 1K€°

d

A parallel plate capacitor with square plates is filled with
four dielectrics of dielectric constants K, K,, K;, K,
arranged as shown in the figure. The effective dielectric

constant K will be: [9 Jan. 2019 II]
K, i K, | L2
KKl we
<—d/2—>-<—d/2—>
@ :(K1+K3) (K, +K,)
K, +K, +K; +K,
K, +K K; +K
b ko KK (K5 Ky)

2K, +K, +K; +Ky)
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© K- (K, +K,) (K5 +K,)
K, +K, +K; +K,
@ K= (K, +Ky) (K, +Kj;)
2K, +K, +K; +Ky)
73. A parallel plate capacitor of capacitance 90 pF is connected

74.

75.

76.

77.

to a battery of emf20V. If a dielectric material of dielectric

5
constant & :Eis inserted between the plates, the

magnitude of the induced charge will be: [2018]
(@ 12nC (b) 03nC (¢) 24nC (d) 09nC

In the following circuit, the switch S is closed att =0. The
charge on the capacitor C, as a function of time will be

given by (Ceq SRS J . [Online April 16, 2018]
Cl + C2 —_
(2) CoE[1—exp(-tRC,)] C C,
(b) C,E[l—exp(-tR/C,)] s
(© C,E[1—exp(-t/RC,)] -
E R

(d C qu exp(-t/RC eq)
The equivalent capacitance between 4 and B in the circuit
given below is:

6 uF 2 uF
o F—
5 uF T I 5 pF 4 uF
2uF =
B
[Online April 15, 2018]
(@ 49uF (b) 3.6uF (c) 54puF (d) 2.4uF

A parallel plate capacitor with area 200cm? and separation
between the plates 1.5cm, is connected across a battery of
emf'V. Ifthe force of attraction between the plates is 25 x 10~
ON, the value of V isapproximately: [Online April 15,2018]

( 5 C? 3
=885x107 " ——
LSO N.m2 J
(@) 150V (b) 100V (c) 250V (d) 300V

A capacitor C, is charged up to a voltage V = 60V by
connecting it to battery B through switch (1), Now C, is
disconnected from battery and connected to a circuit
consisting of two uncharged capacitors C, =3.0uF and C; =
6.0uF through a switch (2) as shown in the figure. The sum
of final chargeson C, and Cyis:  [Online April 15, 2018]

1 (1N2)j )
= IS
60V TG 76

(c) 54uC

(a) 36pC (b) 20uC (d) 40uC

78.

79.

80.

81.

82.

A capacitance of 2uF is required in an electrical circuit
across a potential difference of 1.0 kV. A large number of
1uF capacitors are available which can withstand a

potential difference of not more than 300 V. The minimum
number of capacitors required to achieve thisis [2017]
(@ 24 (b) 32 (c) 2 d) 16

A combination of parallel plate capacitors is maintained at
a certain potential difference.

¢, o G G,

— s

A D E

When a 3 mm thick slab is introduced between all the
plates, in order to maintain the same potential difference,
the distance between the plates is increased by 2.4 mm.
Find the dielectric constant of the slab.

[Online April 9, 2017]
@ 3 (b) 4 (c) 5 d) 6
The energy stored in the electric field produced by a metal
sphere is 4.5 J. If the sphere contains 4 uC charge, its

radius will be : [Take : =9x10°N-m?/C?]

47580
[Online April 8, 2017]
@ 20mm (b) 2mm (c) 28mm  (d) 16mm
A combination of capacitors is set up as shown in the
figure. The magnitude of the electric field, due to a point
charge Q (having a charge equal to the sum of the charges

on the 4 uF and 9 pF capacitors), at a point distance 30 m
from it, would equal : [2016]

+ —

|1

1F

8V
(@) 420N/C (b) 480N/C
(c) 240N/C (d) 360N/C

Figure shows a network of capacitors where the numbers
indicates capacitances in micro Farad. The value of
capacitance C if the equivalent capacitance between point
AandBistobel pFis: [Online April 10,2016]
C 1
Ae—| || T 1
8§ 6 4
A —) 12

TT .
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31 33 34
®) 34 © @ puf
Three capacitors each of 4 uF are to be connected in such
a way that the effective capacitance is 6uF. This can be
done by connecting them : [Online April 9, 2016]
(a) allin series

(b) allin parallel

(c) twoin parallel and one in series

(d) two in series and one in parallel

In the given circuit, charge Q, on the 2uF capacitor
changes as C is varied from 1uF to 3pF. Q, as a function of
'C'is given properly by: (figures are drawn schematically

32
Tl
(@ S

and are not to scale) [2015]
—
C
2uF
I
E
Charge Charge
Q, ; Q|
@) ””/ (b) \
H IS : .
1uF 3uF [ 1uF 3uF
Charge Charge
Q2 1 QZ /’_E
o | —1 @ |,
i H C H H
IpF 3uF [ 1 uF 3uF ¢

In figure a system of four capacitors connected across
a 10 V battery is shown. Charge that will flow from
switch S when it is closed is : [Online April 11, 2015]

Lk

a
3uF b opF

]
1A%

(@ SpC frombtoa (b) 20 uC fromatob

(c) zero (d) 5pC fromatob

A parallel plate capacitor is made of two circular plates
separated by a distance 5 mm and with a dielectric of
dialectric constant 2.2 between them. When the electric
field in the dielectric is 3x10* V/m the charge density of

the positive plate will be close to: [2014]

@ 6x107 C/m? ®) 3x107 C/m?
© 3x10*C/m? () 6x10*C/m?

87.

88.

89.

90.

91.

The gap between the plates of a parallel plate capacitor of
area A and distance between plates d, is filled with a

dielectric whose permittivity varies linearly from €| at one

plate to €, at the other. The capacitance of capacitor is:
[Online April 19, 2014]

(a) € (El + Ez)A/d

b) (e +q)A/2d

(©) < A/[d ln(ez / el)}

d) < (ez - el)A/[d ln(ez / el)}

The space between the plates of a parallel plate capacitor

is filled with a “‘dielectric’ whose ‘dielectric constant’ varies

with distance as per the relation:

K(x) =K, + Ax (A= a constant)

The capacitance C, of the capacitor, would be related to its

vacuum capacitance C  for the relation :

[Online April 12,2014]
Ad A
a) C=— 2 C=—7——C
@ c In(1+KAd) G ® dmn(1+KAd) °
Ad ~ A
© C*zn(1+xd/1<0)c° @ C_dzn(1+1<o/m)c°

A parallel plate capacitor is made of two plates of length 1,
width w and separated by distance d. A dielectric slab
(dielectric constant K) that fits exactly between the plates
is held near the edge of the plates. It is pulled into the

ou
capacitor by a force F= Tk where U is the energy of

the capacitor when dielectric is inside the capacitor up to
distance x (See figure). If the charge on the capacitor is Q
then the force on the dielectric when it is near the edge is:

[Online April 11, 2014]

>
x>

<«~d->
Q3% Qo
@ oz " ®) ZdZZSO(K_l)
Q%d Q*w
© 2wi’e (K_l) ) 2d/%e K

Three capacitors, each of 3 puF, are provided. These cannot
be combined to provide the resultant capacitance of:
[Online April 9, 2014]
@ 1uF  (b) 2uF  (¢) 45uF  (d) 6uF
A parallel plate capacitor having a separation between the
plates d, plate area A and material with dielectric constant
K has capacitance C,. Now one-third of the material is
replaced by another material with dielectric constant 2K,
so that effectively there are two capacitors one with area
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92.

93.

94.

9s.

96.

1 2
3 A, dielectric constant 2K and another with area 3 A

and dielectric constant K. If the capacitance of this new

o C.
capacitor is C then 1S
Co

[Online April 25, 2013]

4 2 1
@ 1 ®3 ©3 @3

To establish an instantaneous current of 2 A through a |
LF capacitor ; the potential difference across the capacitor
plates should be changed at the rate of :

[Online April 22,2013]
(b) 4x10°V/s
(d) 4x10*V/s

(@) 2x10*V/s
(c) 2x10°V/s

A uniform electric field E exists between the plates of a
charged condenser. A charged particle enters the space

between the plates and perpendicular to E . The path of
the particle between the platesis a :

[Online April 9, 2013]
(a) straightline (b) hyperbola
(c) parabola (d) circle
The figure shows an experimental plot discharging of a
capacitor in an RC circuit. The time constant t of this circuit

lies between : [2012]

N
°d

0]

o]

5

E 9

=gl A

[l

'€>10 \\
0]

g

o

st \l\r\

S

50 100 150 200 250 300

Time in seconds —»

(@) 150secand 200sec  (b) 0 secand 50 sec
(c) 50secand 100sec  (d) 100sec and 150 sec
The capacitor of an oscillatory circuit is enclosed in a
container. When the container is evacuated, the resonance
frequency of the circuit is 10 kHz. When the container is
filled with a gas, the resonance frequency changes by 50
Hz. The dielectric constant of the gas is

[Online May 26, 2012]
(@) 1001 (b) 2001 (c) 101 (d) 3.01
Statement 1: It is not possible to make a sphere of
capacity | farad using a conducting material.
Statement 2: It is possible for earth as its radius is
6.4x10%m. [Online May 26, 2012]
(a) Statement I is true, Statement 2 is true, Statement 2 is

the correct explanation of Statement 1.

(b) Statement 1 is false, Statement 2 is true.

(c) Statement 1 istrue, Statement 2 is true, Statement 2 is
not the correct explanation of Statement 1.

(d) Statement 1 is true, Statement 2 is false.

97.

98.

99.

100.

101.

A series combination of 7, capacitors, each of capacity
C, is charged by source of potential difference 4 V. When
another parallel combination of n, capacitors each of
capacity C, is charged by a source of potential difference
V, it has the same total energy stored in it as the first
combination has. The value of C, in terms of C, is then

[Online May 12, 2012]
ny 2 Cl
16—C
@ 16356 O
n 16C,
2—=C
© 2,6 @

Two circuits (a) and (b) have charged capacitors of
capacitance C, 2C and 3C with open switches. Charges on
each of the capacitor are as shown in the figures. On closing
the switches [Online May 7, 2012]

S S
/. /.
20— 0 20— 0—
3C C 2C 2C
L R L R
Circuit (a) Circuit (b)

(a) Nocharge flowsin (a) but charge flows from Rto L in (b)
(b) Charges flow from L to R in both (a) and (b)

(c) Charges flow from R to L in (a) and from L to R in (b)
(d) Nocharge flowsin (a) but charge flows from Lto R in (b)

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 halfits initial value and
t, is the time taken for the charge to reduce to one-fourth
its initial value. Then the ratio t,/ t, will be [2010]

1 1
@1 O3 ©

A parallel plate capacitor with air between the plates has
capacitance of 9 pF. The separation between its plates is
‘d’. The space between the plates is now filled with two
dielectrics. One of the dielectrics has dielectric constant

d 2

d
kl = 3 and thickness E while the other one has dielectric

2d
constant k, = 6 and thickness 3 Capacitance of the

capacitor is now [2008]

(@ 1.8pF (b) 45pF (c¢) 40.5pF (d) 20.25pF

A parallel plate condenser with a dielectric of dielectric
constant K between the plates has a capacity C and is
charged to a potential V' volt. The dielectric slab is slowly
removed from between the plates and then reinserted. The
net work done by the system in this processis  [2007]
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102.

103.

P-265

1
(@) zero (b) E(K -HcC V2
© CVi(K-1)
K
A parallel plate capacitor is made by stacking » equally

spaced plates connected alternatively. If the capacitance
between any two adjacent plates is ‘C’ then the resultant

d (k-1 cr?

capacitance is [2005]
@ (mn+hHC b) n—-1)C

(c) nC d C

A fully charged capacitor has a capacitance ‘C’. It

is discharged through a small coil of resistance wire
embedded in a thermally insulated block of specific heat
capacity ‘s’ and mass ‘m’. If the temperature of the block is
raised by ‘AT, the potential difference ‘}” across the

capacitance is [2005]
@) mCAT (b) 2mCAT

s s
© 2msAT (d) msAT

C

104.

105s.

106.

107.

A sheet of aluminium foil of negligible thickness is
introduced between the plates of a capacitor. The
capacitance of the capacitor [2003]
(a) decreases (b) remainsunchanged

(c) becomes infinite (d) increases

The work done in placing a charge of 8x 107'® coulomb
on acondenser of capacity 100 micro-faradis  [2003]

(@) l6><10732j0ule (b) 3.1><10726j0ule

© 4x107'%joule (d) 32x107?joule

If there are n capacitors in parallel connected to V" volt
source, then the energy stored is equal to [2002]

1 1
(@) CV (b) EnCVz (c) C1? (d) 5 Ccr?

Capacitance (in F) of a spherical conductor with radius 1 m
is [2002]

(b) 107
d 1073

@ 1.1x10710
©) 9x107°
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Hints & Solutions

KO 4. (d) Let o be the surface charge density of the shells.
1.  (c) Potential at the centre, Ve = Tﬂet o

e QHCI = 0

S Ve=0

Let E be electric field produced by each charge at the centre,
then resultant electric field will be £ .= 0, since equal electric

field vectors are acting at equal angle so their resultant is
equal to zero.

2F

Charge on the inner shell, O, = o4/
Charge on the outer shell, 0, = c4nR?
2F .. Total charge, 0 = c4rc(r2 +R2)
6= 2Q 2
4n(r°+R")

Potential at the common centre,

2F

2F 2E X
2. (d) Total charge O, +Q, = Q0"+ 0", Ve :@Jr% (where K = - J
—12uC = 3uC = 9uC : 0

Two isolated conducting sphres S, and S, are now

B Kodnr? N Ko4nR?

connected by a conducting wire. r R
' ' = Ko4n(r+R)
y oy KOV _KOH 5 4
W=V, = %R "R =12-3=9uC _ KQ4n(r+ R)
3 3 4n(r* +R%)

0'1=20" =20%+0" =9uC __ 1 (+R)Q
T e 2 p2y

-0 =6uC and Q', =3uC angy (r°+R7)

5. (b) The electric potential at the bisector is zero and

3. Weh iven t tallic holl h fradii R
(a) We have given two metallic hollow spheres of radii electric field is antiparallel to the dipole moment.

and 4R having charges Q, and Q, respectively.

Potential on the surface of inner sphere (at A) N _ }_)’
s V=0and E = —
VA = @ + k& an 4T[380 d3
R 4R
Potential on the surface of outer sphere (at B) 6. (c) Potential at any point of the charged ring
K
y, = KO kO, [Here, k= ] V= —
4R 4R dngg VRZ2 +72
+q,
Ql QZ ~
So VR4 Z?
~N
‘ A R h ~
B N
4R S o
------------------ P
Potential difference, C z
3k 3 R=3a
AV=VA—VB=—~Q= 2 Z=4a
4 R léneg R
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(=VR?+7% =52
The minimum velocity (v,) should just sufficient to reach
(d) GQQ

the point charge at the center, therefore
| 10.
7 ™0 =a[Ve — Vel
{E _ E}
k k k
a 5a Potential at point P, V= % + Q + o
, 4K 4 1 ¢ a b c
vy = =— — Since surface charge densities are equal to one another
I5ma 15 4negy ma .
| i.e.,0,=0,=0,
( 2 )2 2.2, 2
3VO:\/7 2q ©Qy:Qp:Q.rat b e
LIS x 4mgpa 2
a
7.  (d) When charge Q is on inner solid conducting sphere S Qa= {ﬁ}
a“+b” +c
b2
Q= 5> |Q
+Q a2+ b? +c?
2
c
Q=] 55— |Q
¢ | a%+b2+c?
Electric field between spherical surface 0 (a b4 c)
- KQ - ) S V= )
E=— SoIE.dr:ngven 4n ey a”+b” +c
r 11. (d) Let at a distance ‘x’ from point B, both the dipoles
Now when a charge —4Q is given to hollow shell .
produce same potential
—>R<——
. o >
3Q 4qa qa
. 4qa  2qa
N (R + X) (xz)
Electric field between surface remain unchanged o IX—R4x>x— R
= Ko V2-1
E=— Therefore distance from A at which both of them produce
r the same potential
as, field inside the hollow spherical shell =0 R R
Potential difference between them remain unchanged = +R =
¢ V2-1 V21
ie. I Edi=V 12. (b) Electric field at a point outside the sphere is given by
1
. — ~ E= —QZ But P=7
8. (c¢) Given, E =(Ax +B)i dm e r 4R
or E=20x+10 3
3
. . p__PR
Using V = Ide , we have e 2
1 At surface r=R
V-V = J.(20x +10)dx =_180V pR3
-5 SE= 3—
_ <0
or V,=V,=180V Let p, and p, are the charge densities of two sphere
9.  (b) Electricpotential is constant inside a charged spherical R R
_pr _ P2y
E=—and E, =—+
380 380

shell.
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E R R —dv
il I /G L 16. (b) 2y =——=10]z]
E2 szz R2 dr
This gives p, =p,=p —dv
Potential at a point outside the sphere 2= i =10 (constant: E)
3 ". The source is an infinity large non conducting thick
v 1 0 _ pRO| .. 0 plate of thickness 2 m.
= — M - 4
4TCSO ’ 3801" ° TCR3 .
3 -10Z-10A = PAXZ
Atsurface, r=R €0
2 2 2
y_ PR o Vi = PR and ¥, = PRy ro= 10e, for |z|<Im.
380 ’ 380 380 K
5 17. (a) Weknow, V, = 24 =V surface
i (R R
T = K
o\R Now, V.= %(31{2 —1*) [Forr<R]
K
13. (b) Potential outside the shell, Vouside = —Q At the centre of sphare r = 0. Here
r
where r is distance of point from the centre of shell V= EVO
K
Potential inside the shell, Vjygige = KQ
where is radius of the she "4 R 2R3
C
= R _R
P2
5@ 3Kq_Kq
b 4R R
1 Kqg Kq
K K K >
Vg = da BB | Bdc 4 R ,
) ) L
R,=4R
Vi = 1 | o4na’ 3 o4nb? N o4ne’ 4
B~ c| b b c Also,R;=0andR, <(R,-R;)
2 12 dv
Vg :g{a -b +C} 18. (a) As we know, E = -
€ b . . . .
. o= Potential at the point x = 2m, y = 2m is given by :
14. (c) Potential gradient is given by,
AV=Ed 14 2,2
0.8=Ed (max) [av == [ (25dx+30dy)
AV=Edcos0=0.8 x cos 60=0.4
Hence, maximum potential at a point on the sphere on solving we get,
=5894V =—110 volt.
Cdv 19. (c) Potential difference between any two points in an
15. (¢) Asweknow electric field, E = o electric field is given by,
r
E =constant .. dvand dr same dV=—E-dx
E= K2¢ c V4 2
r I dV=—I3Ox2dx
= o 2 vy +2Av Vo 0

V-V =—{10x°13 =801/ C
20. (a) The potential of uncharged body is less than that of
the charged conductor and more than at infinity.

T
o= Ip4nr2dr

1
=>px—
r
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22.

23.

24.

25.

In equilibrium, F, =Tsin0
mg= Tcos0O

F 2
tanez—ezq—2
mg 4me, x° Xmg

2
x= |— 4
4me, tan O mg

Electric potential at the centre of the line
:k_q+k_q =4,/kmg/tan 0
x/2 x/2
(¢) q=1pC=1x10"°C
r=4cm=4x102m

kq _ 9x10°x107°

. X102 =225x10°V.
X

Potential V =

ki
Induced electric field E = ——2
r

~9x10” x1x107
16x107*

(c) Let g, and g, be charge on two spheres of radius
' and 'R’ respectively
AS, q] + q2 = Q

=-5.625x10°V/m

and 6, = 0, [Surface charge density are equal]
4 4,
" 4nR?

Or
S0, 4= R®+r

Now, potential, V' =

1 or OR
+
dmeg | R2+72  R® 477

OR+r) 1

T RY4+r2 4me
(c¢) Charges reside only on the outer surface of a
conductor with cavity.
(c) Electricfield
d¢

E=—=_ i
o 2ar ...(0)

26.

27.

P-269

By Gauss's theorem
__ L 4 .
= mfz (1)
From (i) and (ii),
Q=-8me,ar
=dg=- 24TE£0ar2 dr

. __dqg
Charge density, P A =—6¢g,a
YA
(© AN2V2)
A
> X

0 >
(0,0) T, B0

The distance of point 4 (\/5 , V2 ) from the origin,

= (\/5)2+(\/§) = \/12211111"[8.

The distance of point B(2, 0) from the origin,

rp= (2)? +(0)> =2 units.

Now, potential at 4, due to charge 6 = 103uC

__ L 2

4 dmey (ry)
Potential at B, due to charge =103 QC V= L2
B 4ney (rp)

- Potential difference between the points A and B is given
by

p oy ] 10° 1 107
4 3747'560 ry

_107 (1 1) 10?1
47[60 ry 1p 4TE€0 2 2
o

_47[ S

47'[60 g

x0 =0.

(a) As shown in the figure, the resultant electric fields
before and after interchanging the charges will have the
same magnitude, but opposite directions.

As potential is a scalar quantity, So the potential will be
same in both cases.

q q
“A B
x
RN
D C

-q -q
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—-q —-q Electric potential due to charge ¢ inside the shell is
‘,A _) B& B 1 q
‘ A E I 2 4ne, R
. .. The net electric potential at point P is
n
N 1 2 1
- - V=V, +V, = 20, 1 4
K 4ne, R 4me, R
D’ G . .
: kS 31. (d) By using energy conservation,
q q
AKE + (AP E )Electro + (AP E )gravitational =0
28. (a) Given, potential V(x)— Volt

29.

30.

Electric field E= —— = __[ ]
=F= +i

(x* —4)
Atx=4um,

40 % 4
E=t——— = +@= +£Volt/um.
(4°-4) 144 9
Positive sign indicates that E isin +ve x-direction.
(a) +q —-q
A‘;
) ©)

—d—
Potential at the center of ring of charge +¢ = potential due
to iteself + potential due to other ring of charge —g.

1 |4 q
>N=—|"-"—F—7—
! 4me [R /R2+d2]
Potential at the centre of ring of charge —q = potential due
to itself + potential due to other ring of charge +g.

1 1-¢g q
SVh=— |t ——
4me [R /R2+d2]

AV=V,-V,

__l|lg9,9  a¢ 4
dngg | R R \/R2+d2 \/R2+d2

__ 1 |gq q
- 2me [R /R2+d2]

(¢) Electric potential due to charge Q at point P is

Lo 120
ne, R/2 4me, R

1 z[ Qq_Qq]+(mgy) 0

—mV° +|k
2 R+y

1
=g _mgerquLR R+yJ

2kQq  y

=V?=2gy+ —_—
& m R(R+y)

o, 1 = zy{Lw}
4neaR(R+ y)m

32. (d) Change in potential energy, Au = q(Vy=V2)

Potential of —¢q is same as initial and final point of the path.

Y
q
ig 0 ~q X
— d2—>
< d)2 ¢ d >
( k4q k4q] . 4¢°
3d/2 dJ2 3ne,d

—ve sign shows the energy of the charge is decreasing.
33. (c) According to work energy theorem, gain in kinetic
energy is equal to work done in displacement of charge.

1 5
—mv- =gAV
2 q

Here, AV = potential difference between two positions of
charge g.
For same g and AV.
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Mass of hydrogen ion m;= 1 38.

Mass of helium ion m,; =4

i =\/E=2:1.
Vie 1

34. (c) Using conservation of energy
1
Ui = UF +Emv2

kargy _kqay 1 o
] o) 2

1 1 1
= mv? = kqyy |~ ——
2 n on

22k 11
m non

9 -12
:2><9><1()6 ><1()3 {1_1}:4x10+6

4x10° x10™ 9
v=2x10m/s

L | q(-9) N qQ N &)Y

E PP
2 2
L N 2 I
4n g d p? , Ignoring =
36. (b) Using, [K+U]=[K+U],
or 0+ Vg=mvy+v’q
or mv?=(V-1V")q

35. (d)

41.

Aq (ﬁ\

—qudr B qj - 2n e\ iy

27teor

lnL

To
37. (c) Total energy of charge distribution is constant at any
instant t.
U+ K=U+K,

KQ*
2R

:>VOC

KQ*

i.e sz
) 2R,

=0+

Lovee KQ® KQ*
2 2R, 2R

Also the slope of V — R curve will go on decreasing.

40.

(b) Net electrostatic energy for the system

=Q-= ~a2
\/E—H + +q
(0,2 )%4Q *Q(4,+2)
(b)
©.-214Q *Q4.-2)
Potential at origin

_KQ_KQ KQ _ KQ
V=2 2 20 W20

1
and potential at oo =0 =KQ [1+ ﬁ]

.. Work required to put a fifth charge Q at origin W =

2
Q 1+L
4me, Js
(¢) The work done in moving a charge along an
equipotential surface is always zero.
The direction of electric field is perpendicular to the

equipotential surface or lines.
(¢) The potential energy at the centre of the sphere

VQ=

The potential energy at the surface of the sphere

Kq0
R
Now change in the energy

AU =U,-U, P

:K_QQF_I} _Koq
R |2 2R

4
Where O =p.V = p.gnR3

Us=

R3
AU = 2K R7pg
3 R 3
AU =21 TRpq
3 4ney R
R2
AU = Pq
65

Using Gauss’s law
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4 1
e Gon [3><§1IR3 :>—m(2v)2:kq—’er'=£
[Eead="7"=—3— 2 r
Ey E, 46. (a) By using
Bx4nR> W=q(Vy—V)
= jEdA(cos 0) =—F%7
o V V——2J =0.1J/C=0.1V
4 3 1 B4 0C '
= E(4TCR2):BX§TCR ><E—
0 47. (b) When capacitors C and 2C capacitance are charged
— E= ﬂ (r<R) to V and 2V respectively.
3Eo C 2C
.. . +.7 - +5
42. (d) Initial potential of the charge, I} [}
o 2k 2kg \Y% 2V
a5 0,=CV Q,=2Cx2V =4CV
v 1 2¢q | 1 When connected in parallel
= T4z 4nE a ﬁ Q= C+V
k [|1=
(Here potential due to each ¢ = =1 and potential due "'
a
—kgq
toeach—g = )
as =
2a Q,=4CV
q TA q B .
: y conservation of charge
4CV -=CV = (C+2CW opumon
2a i v
B common — ? =V
Therefore final energy of this configuration,
1 1
-4 4 U, :(—CVz +—><2CV2j 2oy
: 2 2 2
Final potential of the charge
Vp=0 48. (a) 4\, V, - |J|rq24 uF
(" Point B is equidistant from all the four charges) " "
. 2 uF
Using work energy theorem, .0
(WAB)electric = Q(VA - VB) T O uF
_ 240 {I_L} I !
AnEga| 5 ov OV gy
1 )20q 1 Let ¢, and g, be the charge on the capacitors of 2puF and
= 4n e ) a 1- E 4uF. Then charge on capacitor of SuF
43. () Work done, Wpy = q(Vp— V) O=a+4
= (-100 x 1.6 x 10-19)(~4—10) = 3V =2(6=V)+4(6-1)
=+2.24 x 10716J = 5V, =12-2V, +24-4V,
44. (a) Gain in kinetic energy = work done by potential 36
difference =11, =36=7, =HV
1 2eV 180
eV =—mv v=,|— = =—
5 = m = Q0 =5V, T nC
2%1.6x10~° %20 49. (d) When two capacitors with capacitance Cl.and C, at
= : =7 =2.65%x10m/s potential ¥, and ¥, connected to each other by wire, charge
9.1x10 begins to flow from higher to lower potential till they
1 5, kOgq acquire common potential. Here, some loss of energy takes
45. (d) Emv =—
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50.

51.

52.

p-273

cC
SR
2(G+G)
In the equation, put ¥, =0, V, =V,

CIZC, C2 :%

Heat loss, H =

C><g

C
2 2
2(C+—j

2

Loss of heat = ~0)? = EVO

1 2
=—CYV,
60
(b) According to question,
Q0 =750uC = g, +4g5

¢, g,

C,=15pF —}—= 0
— — C;=8pF
750uCY I q53
v, V,=20V

1|

g
Capacitors C, and C, are in parallel hence,
Voltage across C, = voltage across C; =20V

Change on capacitor C,,
gy = C; x V3 =8x20=160uC

Sogy =750nC -160pC = 590uC

4)

Given, C,= 5 pFand V| = 220 Volt

When capacitor C, fully charged it is disconnected from
the supply and connected to uncharged capacitor C,.
C,=2.5uF V,=0

Energy change during the charge redistribution,

1 GG,

AU=U,-U, = V. —V,)?
r= 2C1 Cz(l >)
1 2.
S L 325 00y
27 (5+2.5)

53x22x22x100x10*6 J

X

Sx11x22
= " x

1210 1210

x107* J= =5 X107 J=4x1072 ]

X _
According to questions, 100"~ 4x107

Sx=4

(a) Given,

Capacitance of capacitor, C, = 10 uF

Potential difference before removing the source voltage,
V=50V

53.

54.

5S.

If C, be the capacitance of uncharged capacitor, then
common potential is
O+ G,
G +GC,

10x50+0
20+C

(¢) In parallel combination, C_ =C, + C,= 10 uF
When connected across 1 V battery, then

C
s
U, (21 1 ¢ 1 o
—_——— e S = —
U, (lcszj 4 7C, 4
2
v

s C=8uFand C, =2 pF
Now C| and C, are connected in series combination,

GC, _2x8 16
C+C, 2+8 10

=20= = C=15uF

S Coui =

equivalent

=1.6uF

x=0 —>a
Consider an infinitesimal strip of capacitor of thickness
dx at a distance x as shown.
Capacitance of parallel plate capacitor ofarea A is given

goA

by C= (;
[Here ¢ = seperation between plates]
So, capacitance of thickness dx will be
goadx
odC=—-"2

d+xtana
Total capacitance of system can be obtained by
integrating with limits x=0tox=a

eq IdC =agy J. m

[By Blnomlal expansion]

:@T(l_xtana]dx:@(x_xz tanoc\a
d d RGN

_ ‘C’Oaz (1_%)
d 2d

= Ceq

atan (x)

2
=C,, = =(1—
2d

(a) Given, K (x)=K(1+ ox)
KgoA
dx

Capacitance of element, C,; =
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. CIZM B Vkikyks
@ dx B Ez (kl + k2 + k3 )(klkZ + k2k3 + k3k1)
d 59. (d) V,+V,=10
. Id[ij S |
T e T lsokatran W r
| |
1 1
L o)]8 l l
EoRAdt —— 1oV —
1 —in(l+ad)od <<1] and 4V, =6V,
C gpk4 On solving above equations, we get
1 V=6V
= s KAa Charge on 4 pf,
g=CV,=4x6=24nC.
1 {1 60. (a) Equivalent capacitance in series combination (C’) is
= SO—KA - given by
L = L_}_L =C'= —C1C2
.S jC:%KA(H“_d] C GG C,+Cy
od d 2
d (1 - 7] For parallel combination equivalent capacitance
C=C, +C,
56. (6) In the first condition, electrostatic energy is For parallel combination
U =Len2 =L 60x1012 x400=12x10 a=10(C,+C,)
2 2 =500 uC
1 5 500=10(C, +C)
In the second condition U = EC'V' C,+C,=50uF ()
For Series Combination—
1 Vi 17
Uy =—2c( 0) ( C'=2C, V'=—°) q, =102
2 2 2 2 (Cl 4 Cz)
1 -12 2 C,C
=3 60x1077 x(20)"  =6x10"J 80=10 ;02 From equation  ....(ii)
Energy lost= U, — U, =12x 10°J-6 x10°J=6nJ C,C,=400 ....(iii)
CV+ (nCW From equation (i) and (ii)
57. (d) VEE — C,=10pF  C,=40pF
o vmoy oy =d[ 1L
(n+1) 61. (b) a 2l¢, ¢
k+n
1 d/3 . d/3  di3 _Gx10% (1 1) o
58. (¢) ~ - + + - <10
: Cl k]SOA k280A k380A 2 25
Mokt A =3.75x10°
or C = 1128380 62. (b) Capacitance of a capacitor with a dielectric of dielectric
1 d(k1k2 +k2k3 +k3k1) .
constant k is given by
C
2 k €y4
_ kISO(A/3)+k280(A/3)+k380(A/3) C:T
d d d gV o_kedE
(ki ey +k3)g04 ] T
1 3d2 1521012 _ kx8.86x 105(1)20x10*1 x10°
—r
U _ 2" k=85
UZ l CZVZ
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0 68. (b) As required equivalent capacitance should be
63. (b) V== Q Q,
c 6
Ceq = EHF
(9~ : .
(T Therefore three capacitors must be in parallel and 4 must
be in series with it.
4-2 Q-Q @Q—Qy 1 [1 11 1 1
=57 =1V 2 2 — = |t Sttt
2x1 C, L3CJ [C C C C
64. (b) Energy stored in the system initially 3C

SR [asC=2pF]
= 14 a
Ui=%CE2 413 13 s H

So, desired combination will be as below:

U _1Q° _(CB _1CE?
F72C, 2x4C 2 4 /\
1]

[AsQ=CE, and Ceq =4C]

<
<

2
AU=1CE2 3 =3 cp? =§%
69. (b) W=-Au
E=—= 2 2
65. (¢) e Agg (1) (ce) ~ (ce)
5.Q=¢, E.A=8.85x10""2x 100 x 1 2ke 2c
=8.85x1071C
C 1 _
66. (a) A__ ] | _gek-l
1 1 2k
=508]
4 70. (c) Letdielectric constant of material used be K.
3L keA ke koA kgA
7 B d d d d
ﬁ 3 OrIOGOA/3+12€0A/3+14GOA/3:KGOA
uml | p—1 d d d d
For series combination & A (£+£+ﬂ) _KgA
L1 d \3 3 3/ d
Ceq C G L K=12
7C 71. (b)
3 1 o1
= = — d
Z+C 2 $}’ k
—14C=7+3C o - >
7
— L uF d d
=C= Tk From figure, Z=—:y=—x
X a a
1 y  W-y
30uC = =——
67. @ - < | | > e (dx) = o Kegadx | sgadx
TouF 2uF izi( do yj
dc  gpabx \k
As given in the figure, 6;1F and 4pF are in parallel. Now J‘ de = J‘ ggadx
using charge conservation Yid- y
k
) 6
Charge on 6pF capacitor = e 30=18uC .- goa.gjq dy

Since charge is asked on right plate therefore is +18uC or, 0d+ y(l _ )
k
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d 74. (a) During charging charge on the capacitor increases
_ %08 1 with time. Charge on the capacitor C, as a function of time,
= (ol d+y|— “URC 1
(i_jd 0 Q=Qy(1 - R Ca
Q=CeqEl1-¢ VR ]
d+d| —-1
_keg a’ / ' ( j (. Qo =CeE) X
(1-k)d d Both capacitor will have charge as they are connected in
series
k g a’ ( l) k g a’/nk 75. (d)f ”flhe simplified circuit of the circuit given in question
iraan e 1] el e ou e as follows:
(1-k)d \k (k-1)d GF ¢ wF o g dF
o K, K, A o—} I | B
Lo ksi kyil/2 173_|k4 SuF 2uF
G C, it
Co SpF
il The equivalent capacitance between C & D capacitors of
— — — 1| 2uF, SuF and 5 uF are in parallel.
I Ca 5o Cep=2+5+5=12 pF (* In parallel grouping
G, Ceq:C1+C2+....+Cn)
L Similarly equivalent capacitance between E & B Cpg
k, €y —xL kz[GOXL} =4+2=6uF
2 2 Now equivalent capacitance between A & B
__ GG d/2 d/2
125 1 1 1 1 5
C, +C, Lo 4=
e02>< Cqq 6 12 6 12
(ki +ky)
d/2 12 . .
5 = Ceq :?=2~4 uF («+ In series grouping,
kk, €L
ki +k, d — =t +—)
in the same way we get, Cq G & Ca
Kk 12 76. (c¢) Given area of Parallel plate capacitor, 4 = 200 cm?
= S Separation between the plates, d=1.5 cm
ky+k, d Force of attraction between the plates, F =25 x 107N
k;k . F=QF
Coq =Cpp +Cyy = kiky | kks 1€ D
ki+k, ky+k, | d 0? c 0
F= (E due toparallel plate =—=—")
ke, I 24 & 26 425
Nowifk,, =K, Cp =—2—  ..(ii)
on comparing equation (i) to equation (ii), we get But 0=CV = 4 | 1
_kiky(ky +ky) +ksk, (K, +k,) 5
eq (k; +k,)(ks +ky) Fo (260& .
This does not match with any of the options so this must d” x2A4¢ 1!
be a bonus. I ) 4
73. (a) Charge on Capacitor, Q,=CV _ (A" xV _ (g A)xV
After inserting dielectric of dielectric constant d? x 2 x (Adg) d? %2
=K 0=kC)V
f -12 —4 2
Induced charges on dielectric or, 25x1070 = (8.:85x10° 7)x (20010 ) x V"
Qind:Qf_ 0,=KCV-CV 225x107*x2
5 -6 4
(K-DCv =[§—1j x 90 pF x 2V = 1.2nc V= \/25 <10 Xé'zs <10 X42 ~250V
8.85x107 " x200x10"
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77.
78.

79.

80.

81.

(a) The sum of final charges on C, and C;is 36 uC.

(b) To get a capacitance of 2UF arrangement of
capacitors of capacitance 1|F as shown in figure 8
capacitors of 1pF in parallel with four such branches in
series i.e., 32 such capacitors are required.

R

1000 vV

8UF 8UF 8UF 8HF
> > —> —>
250V 250V 250V 250V

<— 1000 V

L_r
C, 8 8 8 8 G20
(¢) Before introducing a slab capacitance of plates
80A
Ci=—

If a slab of dielectric constant K is introduced between
plates then

c=KeoA en ¢ =202
2.4
C, and C; are in series hence, C'l
SOA SOA
gA_ " 3 04 y
3 Kk SOA + SOA %
3 24
3k=2.4k+3 Slab
0.6k=3

Hence, the dielectric constant of slap is given by,
30

k=—=5
6
Q2
d) Energy of sphere = ——
(d) gy of sp °C
-12
4.5:l6><10
2C
-12
16 x1
C=%=4RSOR
(capacity of spherical conductor)
-12
1
rol6x1007 1 . =9x10°
9 4ne 4neg
=9x109x§x1042=16mm
(a) Huf Eﬁi GO G
QHF = 11
ZHF L}
L Iy

82.

83.

84.

I-277
Ch C, i = ( 12 j><8 x4 =24uC
argeon C, 18 W
The volt: Cpi =—>=x8 =2
e voltageacross Cp, 1s VP B V

.. Voltage across 9uF is also 2V
.. Charge on 9uF capacitor =9 x 2=18uC

.. Total charge on 4 puF and 9uF = 42uC
K 42x107°
X—_

~E=—==9x10°

=420NC!
2 30 %30

(a) Capacitors 2uF and 2uF are parallel, their equivalent

=4 F
6uF and 12 pF are in series, their equivalent =4 puF

3
Now 4yF (2and 2 uF) and 8uF in series = & uE
And 4pF (12 & 6 pF) and 4pF in parallel =4 + 4 = 8uF

S 1 8
8uF in series with 1pF = §+12 EuF

Nowe —2+8-32
T 9 3 9
32
C ofcircuit= —
eq 9
withc- L 1.9 1032
Coq C 32 23

(d) To get effective capacitance of 6 LF two capacitors of
4 uF each connected in sereies and one of 4 uF capacitor
in parallel with them.

4uF 4uF
[ [
Il Il
1
[
4uF
Two capacitances in series
1 1 1 1 1 1
S—=—t—=—t—=—
C C C 4 4 2

1 capacitor in parallel
5 Cq=C3+C=4+2=06pF

LpuF
(d) 3
Q 11 -
C j
A ——
Q, 2uF

2 2
From figure, O, = EQ = EQ
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85.

86.

87.
88.

Cx3
=F
Q [C + 3]
. _2 [ 3CE ] _2CE
“ 9730 cv3) Tl
Therefore graph d correctly dipicts.
\ Charge
i
i
i
i
i
! |
I |
| ]
1 1 S C
1uF 3uF
(a) when switch is closed
-10C 15C
| T 4|
[ =] 214
5V 5V
| T T
[=1s 2L
-15C +10 C
When switch is open
-12 +12 C
| T |
[ =15 214
6V 4V
4V 6V
| T T4
[=1s =LA
-12C +12 C

Charge of 5uc flows from b to a
(a) Electric field in presence of dielectric between the two
plates of a parallel plate capaciator is given by,
-
KSO
Then, charge density
o= KeyE
=22x885x10712x3x104
~6x 1077 C/m?
(d)
(¢) The value of dielectric constant is given as,
K=Kj+2x
d d
And, V = [Edr = V = [Zdx
0 oK

1

d
:GkEEIESdX:%DMKO+MQ—mKd

89.
90.

91.

= g1n l+ﬂ
A Kq

Now it is given that capacitance of vacuum = C,,.

C= —2
Thus, v

=08 (Let surface area of plates =s)
v

oS

E1n 1+M
A Ky
d 1

= Sh.— ] (- invacuum gy =1)

d
In l+M
Ko

e ()

=—" _.C here, Cy =—

c [ de 0 0 d
In|1+—

0
(¢)
(d) Possible combination of capacitors
(1) Three capacitors in series combination

3uF 3uF 3uF
1 1
e i E
Ceq 3
eq

(i) Three capacitors in parallel combination

3uF

| |
||3pF

3uF
Coq=3+3+3=9uF
(iii) Two capacitors in parallel and one is in series
3uF
|
1

|1
|
3uF

1
Apye
C o 2uF

(iv) Two capacitors in series and one is in parallel
L | |
T 11

Ceq:4.5 uF
keo A
d

(b) Co =
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92.

93.

94.

p-279

:k602+2keoA:ikeoA
3d 3d 3 d
4key A

C_3 d

C, keA 3

C

d

Q

As, C==<
(¢) As, v
A2 2

= T_E:lxm*é

=2x100V/s
(¢) When charged particle enters perpendicularly in an
electric field, it describes a parabolic path

_ 1(@)(3)2
Y 2\m )\ 4
This is the equation of parabola.
/ E

/ P(X’ Y) o

> >
u X

It
v

N 4

y

(d) The discharging of a capacitor is given as
q=4q,exp[-t/ RC]
RC =time constant= t
—t
g=q,¢""
If e is the capacitance of the capacitor
g=CV and q=CV,
Thus, CV = CVOet/ T
V=V ..0)
From the graph (given in the problem
when t=0.5, V=251.¢.,
Vo =25 volt.
and when =200, V=5 volt
Thus equation (i) becomes
5=25¢7200/ "
= /522000
Taking log, on both sides

1 200

log,—=-200/1 = — =¥ _ 5
ge 5 . loge
200

=

log, 5
200 200
or T= =

(IOJ log,10-log, 2

log,| —

2

200 0

=124.300

T= =
2.302-0.693 1.609
Which lies between 100 s and 150 s

9s.
96.

97.

98.

99.

(¢) The dielectric constant of the gasis 1.01
(d) Capacitance of sphere is given by :
C= 4n gyr
If, C = 1F then radius of sphere needed:
C 1

r= =

dney  4nx8.85x107!2

1012
 4nx8.85

9 x 10° m is very large, it is not possible to obtain such
a large sphere. Infact earth has radius 6.4 x 10° m only
and capacitance of earth is 711pF.

or, r =9x10°m

(d) Equivalent capacitance of n, number of capacitors
each of capacitance C, in parallel = n,C,

Equivalent capacitance of n; number of capacitors each
of capacitances C, in series.

. . C
Capacitance of each is C; = i &
m
According to question, total energy stored in both the
combinations are same

ie., %(j—lﬂ (4v) = %(nZCZ)VZ

16C,
C =
mny
(¢) Charge (or current) always flows from higher potential
to lower potential.
Potential= L.rge
Capacitance
2
(¢) Initial energy of capacitor, E; = ;]—IC
Final energy of capacitor,
2
1 a (4

E,=—F =-2L =

227 ac L*EJ

2C
1
. 1, = time for the charge to reduce to ﬁ of its initial
value
1

and #, =time for the charge to reduce to 1 of its initial
value

92 !
We have, g, = ge /R = lﬂ(_] =

q CR
. m[Lj-—_fl
L NI (D)
and ln(i):;% (2

1 1
11’1[} In| =
By(1)and(2), L - V2) _ 1 (2) B

L (1)
4

1
4

[\

=0
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100.

101.

102.

& 245
N

() = KEANSN—=- ¢, ¢,
7,

The capacitance with air between the plates

god
C= ?T =9pF
On introducing two dielectric between the plates, the given
capacitance is equal to two capacitances connected in
series where

kyey A RIS
¢ hod 3%

d/3 d/3
_3x3gA4  9¢4
- d d
and

kZEOA 3k2€0A
C2: =

2d/3 2d
_3x6A4  9¢ A
24 d
The equivalent capacitance C, q is

1 1 1

_— = —
Ceq Cl C2

d d 2d

= —+ =
9¢p4 9¢4 9¢ 4

4
e, =2 €°—=%x9 PF = 40.5pF

“ 2 d
(a) The potential energy of a charged capacitor is given
2
0
by U==—.
TS

When a dielectric slab is introduced between the plates

2
the energy is given by 2€<_C , where K is the dielectric

constant.

Again, when the dielectric slab is removed slowly its
energy increases to initial potential energy. Thus, work
done is zero.

(b) As n plates are joined alternately positive plate of all
(n—1) capacitor are connected to one point and negative
plate of all (n — 1) capacitors are connected to other point.
It means (n— 1) capacitors joined in parallel.

.. Resultant capacitance=(n—1)C

103.

104.

105.

106.

107.

(¢) Applying conservation of energy,
Electric potential energy of capacitor = heat absorbed

1 2m.s. At

—CV? =msAt; V=

2 C

(b) The capacitance without aluminium foil is
_ o4

=74

Here, d is distance between the plates of a capacitor
A = Area of plates of capacitor
When an aluminium foil of thickness ¢ is introduced
between the plates.

: g9
Capacitance, C' = P
Ifthickness of foil is negligible 50 d — ¢~ d. Hence, C=C".
(d) Thework done is stored in the form of potential energy
which is given by
1 0
2 C
1 (8 10*”‘)2
U=—x—-
2 100x107°
(b) In parallel, equivalent capacitance of n capacitor of
capacitance C
C'=nC
Energy stored in this capacitor

U=

=32x107%2]

L 1,2
=—CV
E2

1 s 1 D)
E=—mCYW* ==—nCV
= 2( ) :

n tin:le::s |: :|
A\

Alternatively
Each capacitor has a potential difference of V" between the
plates.

So, energy stored in each capacitor

1
=_cr?.
2
.. Energy stored in n capacitor
1
= {—CVz} X n
2

(a) Capacitance of spherical conductor = 41, R
Here, R is radius of conductor

x1=1.1x10710F

. C=4ney R=
0% 9x10°
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