CAPACITANCE
EXERCISE # (S-1)
CAPACITOR CIRCUIT
HCV Worked out Examples (Chapter No.-31 - 2,3.4,5,6,7,8,9,10,11,13,14)
HCV Exercises (Chapter No.31 -6, 8,911, 13, 15, 16, 20, 22, 24, 25, 28, 33, 38, 40, 42, 44, 46)
1. In the given network if potential difference between p and q is 2V and C, = 3C;. Then find the

potential difference between a & b.
+],—
L i
-
C, G

T

q
Ans. 30V
Sol.  V,:V, =i:l
3C C
|
| 1
. \:'4 Ll -‘ L
3C
, |l b I
a | 1
C
BURL
—De——>
v, Vi
Vi:Vo=1:3

V1:%V3:>V3=8V

) 4 1 8 4
Ve — =
15 C Vv, 15
V4 =30V
2. In the following circuit, the resultant capacitance between A and B is 1 puF. Find the value of C.
C 1uF
A——| {}
SMFJ‘:E GHFJ‘ J‘4;1F
AFT Tz“FT_l'th
Be i
32
Ans. — pF
23"
Sol.
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cni e LR CATION CAPACITANCE

8/3== —8/9
B
v 32/9
il |
B
2
ZC 32
= 2 =1=-C=—
—+C 23
9
3. The figure shows a circuit consisting of four capacitors. Find the effective capacitance between
Xand.
— i
1uF 1uF
X Ty Y
2uF
| |
8
Ans. —puF
3H
Sol.  The equivalent circuit diagram is :
1uF
1uF quF 3_7
2uF  1uF 2/3uF
—
=
= 2uF 2uF
2 8
Cep=—=+2=—pF
p 3 3M
4. Find the equivalent capacitance of the circuit between point A and B.
A M
A TC TC TC ::Igﬁnite / B
1 I I I section
C 2 4 s
Ans. C
1 1 2 1
Sol. — =t —t
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Contre ot brcatiacay CAPACITANCE
_ 1
C{ljt1 .......
2 ]
Cl _ 1 - - Ceq :E
% c(l_
2
Ce=C
5. Find the charge on the capacitor C = 1 pF in the circuit shown in the figure.
LuF LuF 10V
L] 1u|:l I 1}1F/L1HF I’
11 11 11 $luF T
1uF 1uF 1uF
1uF 1uF C=1uF 1uF
—=1uF J‘llvtF -

LT

1uF —=1pF  —=1pF
Ans. 10 puC

Sol.  Starting with writing potential difference access the 10V battery, we get potential difference
across the shown C = 1 uF capacitor equal to 10 V.

. Q=Cv=10uC
6. There are six plates of equal area A and separation between the plates is d (d<<A) are arranged
as shown in figure. The equivalent capacitance between points 2 and 5, is a0 A . Then find
the value of a.
R
d 3
2d
4
d
5 5
d
Ans. 1
G
L 5
Ze——}| i {1 I ”T A
Sol. C L2 € € |Redraw the circuit C,=C= Eod
7.

Five identical capacitor plates, each of area A, are arranged such that adjacent plates are at a
distance 'd' apart, the plates are connected to a source of emf V as shown in figure. The charge
on plate 1 is and that on plate 4 is
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CAPACITANCE

Sol.

Ans.
Sol.

[
| N
L
.h.
Ul
5
+1 M

d d
The equivalent circuit diagram is
1,12
312
(1,35 314 (2,4)
5} |4
I.
A
Ceq=4C= 42, A , Qonplate 1 :KS"TJV

Qonplate 4 = 2[_85A}V

In the circuit shown in figure, initially K; is closed and K5 is open. What are the charges on
each capacitors. Then K; was opened and K; was closed (order is important), What will be the

charge on each capacitor now? [C = 1uF]
C,=6C K K,

| (
11 4

<
A~
}_T/

E =9V

Q1 =18 uC, Q, =18uC, Q3 =0uC, Q2' = Q3'=9uC
Initial circuit diagram when K; closed & K; open

18uC -18uC

11

Ci= GMF
i J18uc
AV Co=3uF
-18uC
6x3
Ceq = = 2uF
T 6r3

Q=CVv=2x9=18uC
After opening K; & closing Ky, the circuit becomes
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contc o cATIoN CAPACITANCE
ouC 9uC
Cz = 3}1': —_ C3 - 3MF _

C, & Csare in parallel
.. charge on C, divides in C; & C3

0. In the circuit shown in the figure, intially SW is open. When the switch is closed, the charge
passing through the switch in the direction to
L60V 2 uF L
AL SW B

T6OV 3HFT

Ans. 60 puc, AtoB

Sol. Initial charges on Capacitors with Switch open
£44MC
2uF
120V I—l44uC
3uF
T‘“““C
2x3 6
Ceq = =—uF
125"

Q=CeV = gxlzo: 144 1C

On closing Switch the final charges are :

M 120,GL
60V + “2uF
~120uC
o0V 60V
| 180uC|_ ar
60V _180,CT "
0 ov

On calculating, =  Qfiown = 60uC from A to B.

10. Find heat produced in the circuit shown in figure on closing the switch S.
2 uF

+20 uC —20 uC

/S

Ans. O
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Z
=
0
:0M
c
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Sol.

11.

Ans.

Sol.

12.

Ans.
Sol.

e cecAION CAPACITANCE
70=7 x V;
Vs =10V
Heat
2
= {L(zo)2 X0 —1x7><(10)2} =0
2x2 2x5 2

The two identical parallel plates are given charges as shown in figure. If the plate area of either
face of each plate is A and separation between plates is d, then find the amount of heat liberate
after closing the switch.

+3q 4q
S
1 g°d
2 € A
Distribution of charges on plates before closing the switch
2q [+q —q 29

Energy stored inside the capacitor

= %sOEZ(Ad)

2 2
1 (0] g 0t
2 "\ Ag, 2Ag,

On closing the switch the above energy dissipates in the from of heat.

The plates of a parallel plate capacitor are given charges +4Q and —2Q. The capacitor is then
connected across an uncharged capacitor of same capacitance as first one (= C). Find the final
potential difference between the plates of the first capacitor.

3Q/2C
After connecting
3Q/2
Q2 1% o2
| I
-3Q2
3002
Before connecting Q2 I IQ"‘Z
Q|-3QQ 3Q2
13q | V=3Q2C
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13. Figure shows three concentric conducting spherical shells with inner and outer shells earthed
and the middle shell is given a charge g. Find the electrostatic energy of the system stored in

) k-

the region I and 1.

2
3K \yhere g =—— ; Uy =2K(q + qo)/35r

Ans. U=

Sol.  Let charge on sphere | be q; and on sphere 111 be g3
qu + Kq + Kq3 —

V. =0=
% r  25r 3.5r
-2
= |g,+= qs = (1)
5
53 =0
Kda, N Kq N Kdq, _
3.5r 3.5r 3.5r
g, +q; =—( (2)

Solving (1) & (2) = Q1=-49/25 ; gs=-21q/25

Charge Distribution
gi1tq

—tQ 0, +q+0s

E, :i - 4me,nr,
2C, =
E — @Q+ay)’ C = Aneyhl
! 2C|| ’ ! r3 - rz
DI-ELECTRIC
HCV Worked out Examples(Chapter No.31 - 17, 18, 19, 20, 21, 22, 23)

HCV Exercises (Chapter No. 31 - 51, 52, 54, 56, 57, 59, 60, 61, 64, 66, 67, 68)
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1]

14. Find the capacitance of the system shown in figure.
| Plate area = A

dl k=1 | k=2

d k=3 k=4

Ans. 25 &A
24 d
€A _
Sol.  Let > =C {Area = A/2}
C 3C
—
2C 4C

3C*  (2C)(40)
C, = +
9 C+3C 2C+4C
4 25 g, A
+

15.  The plates of a parallel plate capacitor are charged upto 100 volt. A 2 mm thick plate is inserted
between the plates, then to maintain the same potential difference, the distance between the
capacitor plates is increased by 1.6 mm. Find the dielectric constant of the plate.

Ans. 5

Sol.  c=SA.q-cx100= %2 w100
t
q -
d d+1.6
€ A

New capacitance C; = where t =2 mm

(d+1.6)+t(1—1)

k
[80Ax100}

100=Ci: Solving K = 5

1 1

RC CIRCUIT
HCV Worked out Examples(Chapter No.32- 30, 31, 32, 33)
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HCV Exercises (Chapter No.32 - 66,67,74,79,81,82,84)

16.

Ans.
Sol.

17.

Ans.

At t = 0 charge on capacitor is go. Now switch S is closed. Heat loss in 3R is x x 107° J. Then
find the value of x. [Given o= 15uC, C = 6/55 uF]

225
_1 (15)? x107*
2 6x10°

Ux%

4+ -
o | G,
R SXt=0

A
AAAALS

AAAA
VYVVVY

AAAA
\AAALS

3R

x55 = 1031.25]

Ux6

Energy in % is S _

IR

5
Q,Q

e

2R
MWWW
——WW—
3R
Energy emitted in 3R
Ux6 6R
= X —
1 5
3R
|_

R ¥

6R/S

6U6

11 15
=225%x107°)

11

Find the ratio between the energy stored in 5 uF capacitor to the 4 uF capacitor in the given

circuit in steady state.

0.8

50 SuF

4uF 4Q

2V

H.0. 92, Rajeev Gandhi Nagar, Kota (Raj.) Mob. 97831-97831, 70732-22177, Ph. 0744-2423333 ||l

www.nucleuseducation.in



®

1]

NUCLEU

EDUCATION

entre of Excellence

CAPACITANCE

Sol.

18.

Ans.
Sol.

Redrawing the circuit diagram

e il
11 11
MW MW
50 400
V1 V2
| |
I I
2V
In steady state, current in the circuit
i=2p
9
potential difference across 4uF capacitor = i(5)
v, =2y
9

Potential difference across 5uf capacitor =i (4)
V, ==V

O | o

energy stored in 4pF = %(4)(v1)2 3

energy stored in 5uf = %(5)(v2)2 =54

E, _5V; _5x64 .o
E, 4V 4x100

In the connection shown in the figure the switch K is open and the capacitor is uncharged. Then
we close the switch and let the capacitor charge up to the maximum and open the switch again.

Then (Use the following data : V=30 V, R;=10 kQ2, R,=5 kQ.)
C

NNV
R, R,
|4

I{/o

(i) the current through R; be 1; immediately after closing the switch
(ii) the current through R; be I, a long time after the switch was closed
(iii) the current through R; be I3 immediately after reopening the switch

Find the value of N (in ampere™)
2°3

750

Just after closing switch no current flows through R, so I; = 3mA
Long time after closing switch no current flows through C so I, = 2mA
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Directly after re-opening the switch no current flows through R; and the capacitor will
discharge through R, so I3 = 2mA

19. In the circuit shown in figure R; = R, = 6R3 = 300 MQ, C = 0.01 uF and E = 10V. The switch
is closed at t = 0, find

(a) Charge on capacitor as a function of time.
(b) energy of the capacitor at t = 20s.
Ans. (a)q= 0.05(1-e"?) puC; (b) 0.125 uJ
Sol. R;=300MQ, R;=300MQ , R3=50MQ
7 = (Req) C =200MQ x (0.01puF)
=200 x 10° x 0.01 x 10°°

(@) 4 = Qmax(1 - ")
q=0.05(1-¢"?)

(b) energy stored at t = 20 sec
qZ
= —=0.125uJ
2C H

20. For the arrangement shown in the figure, the key is closed at t = 0. C; is initially uncharged
while C; has a charge of 2uC.

(a) Find the current coming out of the battery just after switch is closed.
(b) Find the charge on the capacitors in the steady state condition.
7 11
Ans. (a) = Aor - A, (b) Q1 =9uC, Q2=0
Sol.  (b) In steady state there will be no current in the circuit
P.dacross C, =0
Socharge=0
P.d across C; =9V

Q=9 puC
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CAPACITANCE

21. In the circuit shown in figure the capacitance of each capacitor is equal to C and resistance R.
One of the capacitors was charge to a voltage V and then at the moment t = 0 was shorted by
means of the switch S. Find:

11
11
@}
@}
|1
I

A
(@) the current in the circuit as a function of time t.
(b) the amount of generated heat.

V 1
Ans. (a) 1= —2 2R (h) = CV,2
() R ()4 0
Sol. t=0

ol _
In discharging

o tIR,Cy)
i=ige

.V,
i — Yo g-2tRC
R

Al steady state

R
MW

Initial energy stored
1

g, =-CV?
2

g = Leve
4
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22,

Ans.
Sol.

23.

Ans.
Sol.

The diagram shows four capacitors with capacitances and break down voltages as mentioned.
What should be the maximum value of the external emf source such that no capacitor breaks

down?
3C;1kV  2C;2kV

—| |
7C; 1kV  3C; 2kV

2.5 kV

Qumax =3 C x 10° C.

Qumax =4 C x 10° C.

Qmax for first branch 3C x 10° C

_ 3Cx10®x5C 5

VvV, == XKV
' 6C° 2
Similarly for second branch
Q, =7C x10°C Q, =6C x10°C
3
o = 2220 00 = Zkv
2 21C 7

The two branches are in parallel. So in order to find max value of voltage for which no
capacitor breaks down V., <V, .

In the given circuit, Ry =2Q, R, =3Q, r = 1Q, ¢ =6V, C; = 1yF and C, = 2 yF. In steady state

the ratio of energy stored in the capacitors C, and Cy is g . Then x will be.
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CAPACITANCE

e P
11 11
MW '\/VV\—l
2Q) 3Q
V, Vi
MW——] |
1Q v
At steady state i = g

Vo =i(2) = 2 volt
Vi =i(3) = 3 volt

1 2
Ee, =5 ()27 =4

1 9
E. ==@@B)?* ==
¢, 2()() >
Ee,

Ec

1

8
9

=1A
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Centre af Excatiaaas CAPACITANCE
EXERCISE # (S-2)
1. Five identical conducting plates 1, 2, 3, 4 & 5 are fixed parallel to and equidistant from each

other (see figure). Plates 2 & 5 are connected by a conductor while 1 & 3 are joined by another
conductor. The junction of 1 & 3 and the plate 4 are connected to a source of constant e.m.f.
V. Find ;

Q) the effective capacity of the system between the terminals of the source.
(i) the charges on plates 3 & 5.
Given d = distance between any 2 successive plates & A = area of either face of each plate.

Ans. (i) g(efj; (ii) QSZ%(E(’dAVaj,Qs: %(eogvaj

Sol.  Equivalent circuit Diagram

1,,2
(1.3 F~(5 54 (@

VNG 12_"2viz " 0
CV, ~CV

34

. 2CxC 5C
I Ceq = +C=—
® T ac 3
(ii) CV  cv=ACV _4(eA),,
3 3 3 d
iy cf 2 iov=2SY L3 EA )y,
3 3 d
2. In the given circuit, find the charge flown through the switch from A to B when it is closed.
3@% 3uFJ‘ 10vJI— J‘6p.F
SVF | o THF
6uF A .B__|
T 1|OIV 5V -I—GpF
Ans. 69 mC

Sol.
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contc o cATIoN CAPACITANCE
X X X X
3uF—— 3uF—— 10V— ——6uF
{OV [(x— 10)V
5V ——3uF
| 1 oV
oV sv A B 5V |15V
6uF ——
——6uF
|y
15V I 5V 5V

10V
After closing the switch, let the potential of upper most point be x, hence for isolated capacitors(3uF,
3uF, 3uF, 6uF) connected to this point, sum of charges is zero.
Q=0

= 3(x=0)+3(x=5)+3(x-10-5) +6(x-0) =0
= 2X-5+x-15+2x=0

= 5x =20

= X =4V

For the 3 capacitors(3uF, 3uF, 6uF) to the left of the switch, initially sum of charges was zero, hence
the final total charge will come through the switch:

So, Charge flown from Ato B = —(2Qf—2Qj) (charges on the mentioned 3 capacitors)
=—B0-x)+3(-x)+6(5-15)-0)
=—(-12+3-60)=+69 uC

3. Three capacitors of 2uF, 3uF and 5uF are independently charged with batteries of emf’s 5V,
20V and 10V respectively. After disconnecting from the voltage sources. These capacitors are
connected as shown in figure with their positive polarity plates are connected to A and negative
polarity is earthed. Now a battery of 20V and an uncharged capacitor of 4uF capacitance are
connected to the junction A as shown with a switch S. When switch is closed, find :

2}I1F Sﬁz/_—l_ S

Il il
SpF
(a) the potential of the junction A. )
(b) final charges on all four capacitors.
Ans. (a) @ volts; (b) 28.56 mC, 42.84 mC, 71.4 mC, 22.88 mC

P Y

3 |
|

I |
: ¥ (x-20)q

Sol. =
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Centre af Excatiaaas CAPACITANCE
2X + 3x + 5x + 4(x — 20) = 120
14x =200
X = @Volt
7
4. In the circuit shown in figure, find the amount of heat generated when switch S is closed.
[ 2HE /S
1 J- J:
sv] 10V 3pF
H4HF
Ans. 150 uJ
Sol. Before
2pF 10v
—
5V
[ |
i
4ukF
After
2uF 10V
[ | N
1 L g
Vi 3uF
[ |
1
4uF

The only difference on closing the switch is that the charge flows through 3uF capacitor
Heat = CV? - %cv2 . %cv2

=150

5. The connections shown in figure are established with the switch S open. How much charge will
flow through the switch if it is closed?

1pF | 2uF
24V ES/.%
2uF | 1pF
Ans. 12uC
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Gontro of Excatiaacs CAPACITANCE
Sol. Initial circuit
Q- 2lex24=lGC
2+1
24 1ZEQ 1&
P 1T —Q A _Q_
1IQ BI‘J1
2555 =
Final circuit
2 |24
T T
24 —
24 B IEI
T T
Initially charge on A & B combined is 0 and finally at is —-12
So charge flowing is 12 uC
6. A potential difference of 300 V is applied between the plates of a plane capacitor spaced 1 cm
apart. A plane parallel glass plate with a thickness of 0.5 cm and a plane parallel paraffin plate
with a thickness of 0.5 cm are placed in the space between the capacitor plates find :
Q) Intensity of electric field in each layer.
(i) The drop of potential in each layer.
(ilf)  The surface charge density of the charge on capacitor the plates. Given that : Kgass = 6,
kparaffin =2
Ans. (i) 1.5x10*V/m, 45x10*V/m, (i) 75V, 225V, (iii) 8 x 107" C/m?
Sol. ¢, = Agk, c - Agk,

d 7 d
2
Agy Kk Kk
e, Ud ) Agglkyxk,)

eff = -
C,+C, Ad%(ngrkp) d(k,+k,)

Q = Cest X Vo
k
v=CaVo S\ 2 300_75v
C, Kk, +K, 8
_CyVy _6

V, 2300 = 225V
c, 8

2
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Centre af Excatiaaas CAPACITANCE
L= M__ B - =15000 V/m
d 0.5x10
E, == 22 _ 45000 Vim
d 0.5x10
_Q
C1=02= —
1 2 A
= %xs’oo = 90000 g, =8x107"¢/m’
8x0.5x10
7. A parallel plate capacitor has plates with area A & separation d . A battery charges the plates to

a potential difference of V(. The battery is then disconnected & a di-electric slab of constant K
& thickness d is introduced. Calculate the positive work done by the system (capacitor + slab)
on the man who introduces the slab.

Ans. W=+ Co V¢ (1 - i)
2 K
Sol.
Initial
<ds
Al |
|
C =
Vo
Q=CVq
e A
Q= [OTjVo
final
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contc o cATIoN CAPACITANCE

Work = AE = lCV2 (1—£J
2 k

8. A parallel plate capacitor is filled by a di-electric whose relative permittivity varies with the
applied voltage according to the law = aV, where o = 1 per volt. The same (but containing no
di-electric) capacitor charged to a voltage V = 156 volt is connected in parallel to the first "non-
linear" uncharged capacitor. Determine the final voltage Vs (in volts) across the capacitors.

Ans. 12 Volt

y 156 C
7

K=aV Ce=C

After Both are connected charge on then remains
equal to 156 C

0, +6,=156C

(aCV)V + CV =156C

V2 +V =156

V =12 volt

-156 C

Sol.

9. Two parallel plate capacitors A & B have the same separation d = 8.85 x 10™* m between the
plates. The plate areas of A & B are 0.04 m* & 0.02 m? respectively. A slab of di-electric
constant (relative permittivity) K=9 has dimensions such that it can exactly fill the space

between the plates of capacitor B.
A | B Al I
T T T T

10V
(@) (b) (©

() The di-electric slab is placed inside A as shown in the figure (a) A is then charged to a
potential difference of 110 volt. Calculate the capacitance of A and the energy stored in it.

(i)  The battery is disconnected & then the di-electric slab is removed from A. Find the
work done by the external agency in removing the slab from A.

(ili)  The same di-electric slab is now placed inside B, filling it completely. The two
capacitors A & B are then connected as shown in figure (c). Calculate the energy stored
in the system.

Ans. (i)02x10°F 1.2x107°J; (i) 4.84x10°J;  (iii)1.1x107°J
Sol. (I) Ceq =C1+GCy
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CAPACITANCE

I
J
\

_ 8.85x107? x0.04
2x8.85x107*
=02x10°F

U =%ceq x110* =1.2x107°J

1+9)

(i)  Charge on capacitor A
Q=0.2x10"%x 110
ui=12x10"]
When battery is removed charge remains same

19

2 C,
g, x0.04
" 885x10*

W = Uf - Ui

=4.84x107°J

(iii) C, = g, x0.04

d

_ ke, x0.02

d
Q=22x10"'

Uy

CB

QL.

77
O
_/._

When the switch is closed P.d across both capacitor becomes same

(Q-d)_q
Cn Co
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2 _ 2
u L9 1(Q-q
2C, 2\ C,
=1.1x107°J

10.  Two square metallic plates of 1 m side are kept 0.01 m apart, like a parallel plate capacitor, in
air in such a way that one of their edges is perpendicular, to an oil surface in a tank filled with
an insulating oil. The plates are connected to a battery of e.m.f. 500 volt. The plates are then
lowered vertically into the oil at a speed of 0.001 m/s. Calculate the current drawn from the
battery during the process.

[dielectric constant of oil = 11, o = 8.85 x 102 C¥/N?m?]

Ans. 4.425 x 10 Ampere

Sol.
00 ¥
1l
1-x
o T |
_____ Al 1]
-1 . Cq
::::::::::::::::::::::::::::: l !
500V
Cy = k2D 1100 0
0.01
£, (1—x)x1
C,=2 2"~ =100¢ (1-x
? 0.01 0(1=x)

Ceq = C1 + C, =100 g (10x + 1)
Q = Ceq E =100 & (10x + 1) x 500
i= 9Q =100 g, x 10 x 500 x ax
dt dt
=5x 10° x 8.85 x 10 x (0.001)
=4.425x 10° A

11. A 10 uF and 20 uF capacitor are connected to a 10 V cell in parallel for some time after which
the capacitors are disconnected from the cell and reconnected at t = 0 with each other , in series,
through wires of finite resistance. The +ve plate of the first capacitor is connected to the —ve
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plate of the second capacitor. Draw the graph which best describes the charge on the +ve plate

of the 20 pF capacitor with increasing time.
q(uC) A

200 \

Ans.
Sol.

10pF

100| | -100
200 |-200

20uF

[ |
1
10V
final

200| I -200 100! ! -100

20uF

200 | I —200

—100::100
10pF
= 200-100 :EVOIt
(20+10)V 3

Vi=10Volt V= % Volt

. charge on the capacitor will decrease
200

Qi = 200uC Q= =5 ucC
4 q(uC)
200 -\
20 fooo T
3
>t

12. A capacitor of capacitance Cy is charged to a potential V, and then isolated. A small capacitor
C is then charged from C,, discharged & charged again, the process being repeated n times.
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CAPACITANCE

c

o

Ans.

Sol.

13.

Ans.

Sol.

The potential of the large capacitor has now fallen to V. Find the capacitance of the small
capacitor. If Vo = 100 volt, V=35volt, find the value of n for Cy = 0.2 uF & C = 0.01075 pF. Is
it possible to remove charge on Cy this way?

V 1/n
C=GCo [(VOJ - 1}: 0.01078 uF, n = 20, No

CoVo —CoVo
|

CoVo = (Co + C)V
COVO
C,+C

V =

2
0

C,+C
Again connecting with uncharge capacitor of capacitance C.
ClV,
C,+C

Qr on first capacitor =

E = (Co+ OV

.~ CV
—(C, +C)?
After n Repeatitions

_ GV

T (G, +O)

=

In the figure shown initially switch is open for a long time. Now the switch is closed at t = 0.
Find the charge on the rightmost capacitor as a function of time given that it was intially
unchanged.

q= C_V(l_letmcj

2 |72
iR+ (i-i)R=V
= 2IR-iR=V ()
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14.

Ans.

Sol.

from (1) & (2)

q t
2(i+ilRJ—ilR=V:>&+ilR=V:>j da__a&
2C C &CV-q 4RC

2

_t _t
= q=CV l—le RC q':ﬂ:ﬂ 1—18 RC
2 2 2 2

Two capacitors A and B with capacities 3 uF and 2 uF are charged to a potential difference of
100 V and 180 V respectively. The plates of the capacitors are connected as shown in figure
with one wire from each capacitor free. The upper plate of a is positive and that of B is
negative. an uncharged 2 uF capacitor C with lead wires falls on the free ends to complete the

circuit. Calculate :
C| | 2pF

Jdoo

3pF 2uF
/’Tlr 100V —ITB 180V
() The final charges on the three capacitors

(i) The amount of electrostatic energy stored in the system before and after the completion
of the circuit.

Qa=90pC, Qg =150 pC, Qc =210 uC, Ui=47.4mJ, Usg =18 mJ

a0
360 1 F
- Q__-_l- ZHF :_—360 + q
__SuF 2uF
-360+q| +1360-q
KVL 300—q_ﬂ+360—q:0
3 2 2
q=210 pF
Qa =90 uC, Qg =150 uC, Qc =210 uC
1 1

UL= JCVR+CyVg =47.4m)

2 2 2
Us = Qa + Qs + Qe =18mJ
2C, 2C, 2C.
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15.

In the circuit shown in the figure initially switch S is open and capacitor is uncharged. Internal
resistances of the cells are r; and r,, their emf’s are equal to . The potential difference across
the cell of internal resistance r; becomes zero long time after closing the switch. Find the value

of R in terms of other known physical quantities. All symbols have their usual meaning.
R R

AAAA
vvyvy

C
4
Ans. 7(rl -1,)
Sol.  After longtime the circuit becomes
c c AW
! 2 3R/2
lf\/\/\—ll-/\/\/\— L AMA——
r r R
MW
3R/2
_&t¢&
R,
. . _ 4
Given thate; —ir, =0 = 7(rl— r,)

16. Find the charge which flows from point A to B, when switch is closed.
B
|

SuF 5uF SuF

20V
Ans. iOO“C
7
Sol. Initially
oukF SuF ouF
| | | | | |
11 11 L]
|1
|l
20V
Finally

H.O. 92, Rajeev Gandhi Nagar, Kota (Raj.) Mob. 97831-97831, 70732-22177, Ph. 0744-2423333
www.nucleuseducation.in



contc o cATIoN CAPACITANCE

C =5ukF

20V
The change flown through A to B, will be charge on C; and C,
400

Q = ch ""Qc2 Z_T“C

17.  The capacitors each having capacitance C=2uF are connected with a battery of emf 30V as
shown in figure. When the switch S is closed. Find

7

IIC

gl
||
30V
(i) the amount of charge flown through the battery
(ii) the heat generated in the circuit
(iii) the energy supplied by the battery
(iv) the amount of charge flown through the switch S

Ans. (i) 20uC, (ii) 0.3mJ, (iii) 0.6 mJ,  (iv) 40 puC
Sol. Before After
2C
Ceq = ? Ceq = C

()6 =CiVi—CyV1 = %xso =10C

=20 uC
(ii) Heat = (WD)gattery
=0.3mJ
(ii1) Energy supplied = (WD)gattery
= (Qfiown) (AV)
= (204C) (30)
=0.6 mJ
(iv) Qfiown = (60uC — 20uC)
=40uC

H.O. 92, Rajeev Gandhi Nagar, Kota (Raj.) Mob. 97831-97831, 70732-22177, Ph. 0744-2423333
www.nucleuseducation.in



Contre ot brcatiacay CAPACITANCE
Two capacitors C; (6 uF & initial charge qo = (%J uC) & C; (4 uF & initial uncharged) are

joined in series with resistance R (80 Q) as shown in figure. Switch S is closed at t = 0. Find
charge on C, (in pC) at t = 192 ps.

S R
[
A
Ans. 012
Sol. t=0
R
A
Qo |
6uF
o |
|
|I
4uF
t=t
i R
>—— AW
Qo9 [+
6uF
~Qo+q [~ 4pF
| |
B
%8 _jir-9-0
6 4
- da
dt
=4, % q_R(qu
4 6 dt
4qo _10q _ dq
24R dt
q t
] d - dt att=192ps
2 49,-10g ¢ 24R
q=12uC
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19.

Ans.

Sol.

20.

Ans.

Sol.

®
9

If an electron enters into a space between the plates of a parallel plate capacitor at an angle 6,
with the plates and leaves at an angle 6, to the plates the ratio of its kinetic energy while
entering the capacitor to that while leaving will be——

sec? 0,/sec? 0, = cos? 0,/cos’ 0,
+++++++++++ 4+

\1

V1 c0s01 = V>, c0sH,

V, = V, c0s 6,
coso,
KEi = £ mvy?
2
1
KE= 3 mV;°
KE, cos’0,
KE, c0s°0,

Calculate the capacitance of a parallel plate condenser, with plate area A and distance between
plates d, when filled with a medium whose permittivity varies as ;

€ (X) =€, +BX for 0<x<%

€ (X) =g, +B(d —x) for%<x<d

BA/ZnLZEO +Bd]
2 2 ¢,

x=0 x=d/2 x=d

Cq Co

&
dc = (d—;A] (¢, +BX)
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ILZT dx s d dx
dC ¢ gA(g, +BX) 7, €,A(g, + B(d—X))

_ BA
21 2¢,+Bd
2g,

21. A certain series RC circuit is formed using a resistance R, a capacitor without dielectric having
a capacitance C = 2F and a battery of emf E = 3V. The circuit is completed and it is allowed to
attain the steady state. After this, at t = 0, half the thickness of the capacitor is filled with a
dielectric of constant K = 2 as shown in the figure. The system is again allowed to attain a
steady state. What will be the heat generated (in joule) in the circuit betweent=0andt =00 ?

dr2

«— d—>
Ans
Sol. Initial charge on capacitor = CE
2
Initial potential energy of capacitor = CZE
Now C = &R
d
And new capacitance : C'= ZO/';, in series with EkA

=C'= 284 series 45
d d

= SOA(2X4j = 48OA:AC = New charge = iCE
d \2+4 3d 3 3

New energy = 1 lcero gCE2
2 3 3

Now Wyt = AH + AU

= E(ECE—CEjzAH +ECE2 —ECE2 = AH :ECE2
3 3 2 6
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EXERCISE # (O-1)

CAPACITOR CIRCUIT
1. In the circuit shown, a potential difference of 60V is applied across AB. The potential
difference between the point M and N is

i
LT

(A 10V (B) 15V (C)20Vv (D) 30V
Ans. D
2C C 2C
L | | | |
sov | | || T oy
Sol.

In series charge on all the 3 capacitors & will be same
S Vi+Vo+V3=60

Q,9,Q9 g
2C C 2C
Qro1=
—=[2]=60
2[2]
Q=30C
Potential difference across capacitance 'C'
Q 30C —30V
cC
2. In the circuit shown in figure, the ratio of charges on 5uF and 4uF capacitor is:
2uF
3uF T
— }—GMF
1l
| 4uF
L
Y
(A) 4/5 (B) 3/5 (C) 3/8 (D) 1/2
Ans C
Sol.  For charge in 5uF capacitor
Ci:C=2:5
% _C
4, G
q, = 5x18
10
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21F
3uF
o] }
SuF
6 1 0
4uF
I

Ans
Sol.

Ans.
Sol.

charge on 5uF capacitor is 9uC
charge on 4uF capacitor is 24uC
Ratio of charges =9:24=3:8

If charge on left plane of the 5uF capacitor in the circuit segment shown in the figure is —20uC,
the charge on the right plate of 3uF capacitor is

3uF
SuF 2uF
— auF =
(A) +8.57 uC (B) -8.57 uC (C) +11.42 uC (D) -11.42 uC
A
—q4,,9:
SHF 3uF -
20K S opeN "0y (2
4uF
J1:02=3:4
3
ql = 7)( ZOMC

What is the equivalent capacitance of the system of capacitors between A & B as shown in the
figure.

O NE

—C —C —-C

(A) %c (B) 1.6 C (c)C (D) None

B
Solving the circuit using following steps
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Vo x 0
1 I
— Cr [
0 0 0

B

Resultant capacitance of the circuit = 1.6C

5. Find the equivalent capacitance across A & B
2?:;|1F 7lulF
A 13uF 1uF B
1I2IHF I LA
1 {
10 uF 1uF
(A) % uf (B) %MF (C) 15 uF (D) None
Ans. B
Sol.
7uF
I
35|“|F P AT
A B
AT [y |2|IJF
I
104F

As the resulting circuit is a Wheat stone bridge hence current in 13mF capacitor is zero. Hence
the circuit now reduces to
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10uF 2uF
i . 10 4 1
The resultant capacitance is §+—0=—5 = 15 uF
6 6 6 2
6. An infinite number of identical capacitors each of capacitance 1u F are connected as shown in

figure. Then the equivalent capacitance between A and B is
1}

]
1
I 1
| i-[ECamaror |
i Cpactot—

o 0 [ ]

A B
(A) 1 pF (B) 2 uF (C) 1/2 uF (D)
Ans. B
C C C C
Sol. Cyq=CH+—+—+—+—+.cerrn.. C=1uF
* 2 4 8 16 (C=1uF)
14242010 L sumofinfinite c.p = )
2 4 8 16 1-r
1
1-=
2
7. Four identical capacitors are connected in series with a battery of emf 10V. The point X is
earthed. Than the potential of point A is
10V
CcCCy C
HHH
(A) 10V (B) 7.5V (C)-7.5V (D) OV
Ans. B

Sol.  All the four capacitors are in series , .. charge is same, and since Capacitance is also same .-.

(V = %) , Potential will also be same

S Vi+Vo+V3+V,=10
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4V =10
V = 2.5 volts
VEISV. || L Vo =25V
| o
A 1 R A
. Va=T75V [B]

Sol.  All the four capacitors are in series , .. charge is same, and since Capacitance is also same .-.

(V = %j , Potential will also be same

S Vi+Vo+V3+V,=10

4V =10
V =2.5 volts
VIRV g V0 Ve
AT T A
5 Va=T75V [B]
8. In the given circuit if charge on 6uF capacitor is 10 uC, then charge on 4 uF capacitor will be
2uF 2uF
s o L
IBHF
1 —4pF
TE ]_GHF
(A) 40 uC (B) 10 uC (C)20 uC (D) 30 uC
Ans. A
Sol.  The circuit can be redrawn as
M aov A
| |
ov
| |
||
4ukF

H.O. 92, Rajeev Gandhi Nagar, Kota (Raj.) Mob. 97831-97831, 70732-22177, Ph. 0744-2423333
www.nucleuseducation.in



Centre af Excatiaaas CAPACITANCE
AleF = AV4pF
QluF — Q4uF
Cl C2
E — Q4pF
1 4
QAHF - 4OMC
9. In the circuit shown, the energy stored in 1uF capacitor is
3uF ﬁ:%_
I_| 1uF
4yF
[
2|4v
(A) 40 wJ (B) 64 pd (C)32 (D) None
Ans C
Sol.
SuF
|
3uVv / oV
| | |
2y X\
| |
| |
1uF
oukF
|
3uVv / oV
| | |
Y | x\
| |
||
1uF
On solving Potential x = 8 Volts
Energy stored = %CVZ
_1 2 _
=5 (1)(8) =32wJ
10. A capacitor of capacitance C is initially charged to a potential difference of V volt. Now it is

connected to a battery of 2V Volt with opposite polarity. The ratio of heat generated to the final
energy stored in the capacitor will be
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(A) 1.75 (B) 2.25 (C) 2.5 (D) 1/2
Ans. B
CV -CV
Initially
Sol.
CV CV -2CV  2¢cVv

Finally —\ ~7 41 ~7

" >— |

L4
N =0 TV Ly
gi%cvz, Er=2CV%,  Whatery = (3CV) (2V) = 6CV2
Heat = 4.5 V2 | 18 _ 5 25
&

11.  Three plates A, B and C each of area 0.1 m? are separated by 0.885 mm from each other as
shown in the figure. A 10 V battery is used to charge the system. The energy stored in the

system is
]
i |
(A) 1 pd (B) 107" wJ (C) 1072 W (D) 107 pJ
Ans B
Sol.  The equivalent circuit diagram is
C
| |
[
||
[
C
]
"
10V
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12.

Ans
Sol.

13.

Ans
Sol.

C =107 faraday
E=Llcoveilovi—ov?

2 2
=107°(100) = 107" J
=0.1x10°%J=0.1 W [B]

Five conducting parallel plates having area A and separation between them d, are placed as
shown in the figure. Plate number 2 and 4 are connected wire and between point A and B, a cell
of emf E is connected. The charge flown through the cell is
E
A r\B
2|3

1 4 15

3 ¢,AE 2 ¢,AE 4e AE g,AE
A) =2 B) =2 C g D) ©
()40| ()30| ()0| ()20|
B

E
A B
112 4|5 C

4 ||
I
C
———F—
C
C _2CxC _2¢ A
eq
3C 3d
2 A
= —x x E
Q 3 d

A parallel plate capacitor has an electric field of 10°V/m between the plates. If the charge on
the capacitor plate is 1uC, then the force on each capacitor plate is

(A) 0.INt (B) 0.05Nt (C) 0.02Nt (D) 0.01Nt
B
Force between the plates is given by
c’A
or
2¢,

H.0. 92, Rajeev Gandhi Nagar, Kota (Raj.) Mob. 97831-97831, 70732-22177, Ph. 0744-2423333

www.nucleuseducation.in



EpcATION CAPACITANCE

q2 2

[%as electric field is due to charges on a single plate is to be written] % N =0.05N

14. A parallel-plate capacitor is connected to a resistance less circuit with a battery until the
capacitor is fully charged. The battery is then disconnected from the circuit and the plates of
the capacitor are moved to half of their original separation using insulated gloves. Let Vyew be
the potential difference across the capacitor plates when the plates have moved. Let V4 be the

s i \/
potential difference across the capacitor plates when they were connected to the battery. —/*% =
old

1 1
A) — B) = o)1 D) 2
(A) 2 (B) 5 ©) (D)
Ans. B
Sol.
d d/2
cVv V. — cv —CcV
%
Vag= SV iy v_CV_V
C 2C 2
Vnwe _1
Vold 2

15. A capacitor of capacitance C is charged to a potential difference V from a cell and then
disconnected from it. A charge +Q is now given to its positive plate. The potential difference
across the capacitor is now

Q Q Q .
A)V B)V+ = OV+ —— DDV- = ,ifV<CV
(A) (B) c (®) 2C (D) c
Ans C
Sol.
cV -CV
CVv -CV
Q 3 CV+% —CV—? 2
\»*'+g
2C
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In the figure shown the plates of a parallel plate capacitor have unequal charges. Its capacitance
is 'C". P is a point outside the capacitor and close to the plate of charge—Q. The distance

between the plates is 'd' then which statement is wrong
2Q  -Q

1]

16.

GNUCLEU
6

P

(A) A point charge at point 'P" will experience electric force due to capacitor

3Q

(B) The potential difference between the plates will be 2C

2
(C) The energy stored in the electric field in the region between the plates is %
QZ
(D) The force on one plate due to the other plate is e &
TE,
Ans D
Sol.

av=2
2C
169)
=212/
C

17.  Consider a capacitor connected with a battery, capacitor is in steady state. Now plates of
capacitor are drawn apart so as to double the separation in two cases.
Case :
(i) Battery remains connected (ii) Battery is disconnected
Mark the CORRECT statement.
(A) In case (i) energy of capacitor increases
(B) In case (i) work done by battery is positive
(C) In case (ii) energy of capacitor increases
(D) In case (ii) potential difference across capacitor decreases
Ans C

i s i 1
Sol.  In case-i potential difference remains constant & U = ECVZ

2
in case-ii charge remains constant & U =(2?—C
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Ans
Sol.

19.

A conducting body 1 has some initial charge Q, and its capacitance is C. There are two other
conducting bodies, 2 and 3, having capacitances : C, = 2C and C3 — . Bodies 2 and 3 are
initially uncharged. "Body 2 is touched with body 1. Then, body 2 is removed from body 1 and
touched with body 3, and then removed."” This process is repeated N times. Then, the charge on
body 1 at the end must be

(A) Q/3" (B) Q/3M (C) Q/N? (D) None

A

On touching the Capacitors charge flows between them, until the potential on them becomes
same

Q Q
Stepl
Initial
C 2C
Q/3 2Q/3
Final Q @
—
C 2C
Step 2 2Q13 Q
2C C3—w
Q 2Q/3
Final Q Q
e

Cs
On doing the process for one time, charge on capacitor C; :%
On repeating the process X' times, |Q; =3%

Three long concentric conducting cylindrical shells have radii R, 2R and R. Inner and outer
shells are connected to each other. The capacitance across middle and inner shells per unit
length is:
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1
a3 B) S (€) 1S (D) None
In2 In2 2In2
Ans B
Sol. €= 627:50 N, 22RRE/0 R 227750
n a n
/h——R
2R
V
V| 10
Parallel
_21ne, [+2]= br e,
/n2 /mn2

20.  Three capacitors 2 uF, 3 uF and 5 pF can withstand voltages to 3V, 2V and 1V respectively.
Their series combination can withstand a maximum voltage equal to

(A) 5 Volts (B) (31/6) Volts (C) (26/5) Volts (D) None
Ans. B
Sol.
2uUF 3uF 5uF
]] |1 |1
11 11 1
3V 2V 1V
Max charge 6uC 6pC 5uC
Hence maximum charge that the series can with stand is 5 uC. So break down voltage =
31 31
5x—=—volt
30 6
DI-ELECTRIC

21. A parallel plate capacitor is connected from a cell and then isolated from it. Two dielectric
slabs of dielectric constant K and 2K are now introduce in the region between upper half and
lower half of the plate (as shown in figure). The electric field intensity in upper half of
dielectric is E; and lower half is E; then

(A) E1=2E;
(B) Electrostatic potential energy of upper half is less than that of lower half
(C) Induced charges on both slabs are same
(D) Charge distribution on the plates remains same after insertion of dielectric
Both capacitors are in parallel

Ans. B
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Sol.

Ans
Sol.

23.

Ans
Sol.

Both capacitors are in parallel

A parallel plate capacitor has two layers of dielectric as shown in figure. This capacitor is
connected across a battery. The graph which shows the variation of electric field (E) & distance
(x) from left plate.

K=2 K=4
d.0)  (3d,0)
y y y y
(A) (B) ©) (D)
»X »X : X i i—pX
| (d,0) (3d,0) | (d,0) (3d,0) (d,0) (3d,0) (d,0) (3d,0)
A
In dielectric E = ——
Ke,
. (¢
For region (1) E, =—
2 0
. (¢)
For region (2) E, :2— [A]

€y

The distance between plates of a parallel plate capacitor is 5d. Let the positively charged plate
is at x=0 and negatively charged plate is at x=5d. Two slabs one of conductor and other of a
dielectric of equal thickness d are inserted between the plates as shown in figure. Potential

versus distance graph will look like :
Cond. Diele.

x=0 x=d x=2d x=3d x=4d x=bd
\"

v v v
(A) (B) ©) (D)
X X X X
B
AV = E(d)
E, = 2’ E,=0, E; :2’ E4:£’ E5:£
€ € € €

Region (1), (3) & (5) have same slope of straight-line.
.. Graph (B) is correct.
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contc o cATIoN CAPACITANCE

®
24

AnNs
Sol.

25.

Ans
Sol.

26.

A capacitor stores 60uC charge when connected across a battery. When the gap between the
plates is filled with a dielectric, a charge of 120uC flows through the battery. The dielectric
constant of the material inserted is :

(A)1 (B) 2 ©) 3 (D) None
C

As the potential difference is constant hence we can say that
Q:=60uC=VxC (1)

Now there is already 60 puC on the capacitor.

More 120 uC charge flows from battery. Hence net charge on capacitor is
Q2=180uC =V xKC ...(2)

/(1) =>3=K

Condenser A has a capacity of 15 uF when it is filled with a medium of dielectric constant 15.
Another condenser B has a capacity 1 uF with air between the plates. Both are charged
separately by a battery of 100V. After charging, both are connected in parallel without the
battery and the dielectric material being removed. The common potential now is

(A) 400V (B) 800V (C) 1200V (D) 1600V

B

Charge on 15 puF capacitor A = 1500 uC.

Charge on capacitor B =100 pC.

When they are connected with dielectric removed from A.

Capacitance of A now becomes 1 uF.

c, =22 150 g

Cpn =%C=1MF

Q remains constant
1500 *j |~ -1500
i

+1 1=
100V 1uF

Qnet = Ceq XV common
1500 +100=(1 + 1)V
V =800 Volt

A dielectric slab of area A passes between the capacitor plates of area 2A with a constant speed
v. The variation of current (i) through the circuit as function of time (t) can be qualitatively

represented as :
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i i i i
A) b (B) L,,. t ., (© B_WL (D) [:| [t
t L
Ans. B
Sol.
X = vt
F—{-X——+—X— |
V 4¢— =
Ci G,
Ceq = C]_ + Cz
Ceq = Ke, (K—Vt)bJre0 vtb
d d
Ceq= eoTb(k£+vt(1—k))
. _ dq
=V = 1 = — =const
Q= Veq dt
217, In the adjoining figure, capacitor (1) and (2) have a capacitance ‘C’ each. When the dielectric
of dielectric consatnt K is inserted between the plates of one of the capacitor, the total charge
flowing through battery is
B I iE C
C C C
A—| | —"n
1 2
(A) KCE fromBto C (B) KCE fromCtoB
K+1 K+1
(C) (KR=1CE ¢ mBtoC (D) (K=1)CE ¢ mctoB
2(K+1) 2(K+1)
Ans. D
C
SOI Ceq = E
C
Q.= E E
Now
C1 = KC, C2: C
KCC  KC

T KC+C (K41
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Q2= KC — clearly Q, < Q,
(K+1)
1 K

-Q,=CE| =— fromCtoB
Q-Q: [2 K+1)
_ (K-1)CE

2(K+1)

28. A capacitor C = 100 uF is connected to three resistor each of resistance 1 kQ and a battery of
emf 9V. The switch S has been closed for long time so as to charge the capacitor. When switch
S is opened, the capacitor discharges with time constant

]
1kQ
AMAA
WWy\-

1kQ

AMAA
vy

1kQ S
A —]
oV

(A) 33 ms (B) 5 ms (C)3.3ms (D) 50 ms

Ans. D

Sol.  To calculate charge on capacitor consider that capacitor acts as open circuit when completely
charged and calculate drop across it which comes out to be 3V.
When s is opened i.e. discharging circuit

20
MWW
1/20
T =ReC
= %xlOOxlO‘G x10° =50x10"° = 50ms.
RC CIRCUIT
29. For the circuit shown here, the potential difference between points A and B is
6C 2C
-
—=6C==3C==C ==2C
1
C
0V 200
};—1F{F—-—-NVVVV-
(A) 2.5V (B)75V (C)10V (D) Zero
Ans. A
Sol.
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30.

Ans
Sol.

31.

Ans
Sol.

32.

v ov |V

—— AW
A oV oV

Find heat produced on closing the switch S

4uF SuF
i |
T >2Q
20V R 0
M < —M—]
(A) 0.0002 J (B) 0.0005 J (C) 0.00075 (D) zero

D
In both case circuit behave as open circuit.

So, Net heat produced = 0
In the given circuit, with steady current the potential drop across the capacitor must be :
R

V.
V, | |
2V, a
2R
AV ® 5 ©) % (D) %V

C

A

:|—1{,—”_'B

2V i 2R
i- Y
3R
V; = 2V—l><2R _&v
3R 3
Potential difference across capacitor % -V = %

In the circuit shown, the cell is ideal, with emf = 15 V. Each resistance is of 3Q. The potential
difference across the capacitor is

H.0. 92, Rajeev Gandhi Nagar, Kota (Raj.) Mob. 97831-97831, 70732-22177, Ph. 0744-2423333

www.nucleuseducation.in



Sentre e CATION CAPACITANCE
Rga  Coar
SRR
+ii— 15V
(A) zero (B)9V (C)12V (D) 15 V
Ans. C
Sol. At Steady state.
WA
R=3Q
R
VAN VAN
R R
| |
| |
15V

Potential difference across point A & B at steady state is 9V, therefore potential difference
across capacitor is also 9V.

33. In the circuit shown in figure.

[ Joe

(A) In steady state, there is no current in the 100 Q resistor
(B) In steady state, the current in 100 Q resistor is 0.08 A
(C) In steady state, there is no current in the 50 Q resistor
(D) In steady state, the current in 50 Q resistor is 0.04 A
Ans. B
Sol.  The equivalent circuit diagram is.
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34.

Ans.
Sol.

35.

contc o cATIoN CAPACITANCE
1000
VvV \AN
% % YAYAYAY
10pF 500

at steady state Req = 150

) ] .12
i =i =1=— =0.08 Am
(1)1000 = (1)s00 150 p

In the circuit shown, the charge on the 3uF capacitor at steady state will be

ZHFJ_ 12V
1Q
SuF 20
VT
2
(A) 6 uC (B)4nC (©) - uC (D)3 uC
B
Equivalent Circuit diagram
2V 2Q2
| 1 YWY
2
1
3uF
YWWY |t
10 v
i=2-1_1,
3 3
Potential difference across Capacitors is equal to Potential difference across terminals of 1 volt

Battery =g =ir = 1+ 1(1j =4 Volt
3 3

QsuF=CV = 3(9: 4uC

In the transient circuit shown the time constant of the circuit is :
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TION CAPACITANCE

5 5 7 7
A) — RC B) — RC C) —RC D) —RC
(A) 3 (B) 5 ( )4 (D) 3
Ans. C
Sol.
2R C C
W ! | ]
V 1 2 1 V2
1_|_ § %R _>V1_|_ ?R
2R% R 3RE £R

V1 and V; are in parallel, -~ Circuit diagram becomes
S

$7RI4

T= (Bj C
4

Solving, we get

t=RC/n [“—”j

n

36. In the R—C circuit shown in the figure the total energy of 3.6 x107 J is dissipated in the 10 Q
resistor when the switch S is closed. The initial charge on the capacitor is

—
N
T 2HF 100
60
(A) 60 uC (B) 120 uC (C) 60~/2 uC (D) N uC

Ans. B
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2
Sol. Q =3.6x 107%]

37. A charged capacitor is allowed to discharge through a resistor by closing the key at the instant
t =0. At the instant t = (In 4) s, the reading of the ammeter falls half the initial value. The
resistance of the ammeter is equal to

(A) 1 MQ (B) 10 (©) 2 (D) 2MQ
Ans. C

_t
Sol. i=iseFe
R=ra+2, C=05x10°F

at, t=(/nd)us, i = I?O

o

((n4)x10°
2% (ra+2)(5x10°)

Solving, we get

38. A capacitor of capacitance C is charged by a battery whose internal resistance is R. The time
after which potential difference across resistor becomes n times to that across capacitor is

(A) RCEn(“—n) (B) Rczn(ij ©) Rczn(ij (D) RC/n(1 + n)
n 1+n n-1
Ans. A
Sol.

| ——AWW
V R

Vg =iR= (%e%?CjR

Vg = Ve_%*c
V, —iR =(Xe’%wj
R

V, = %V(l—e_%‘c)
Given VR =nVc
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®
39

Ans.
Sol.

40.

In the circuit shown, the switch is shifted from position 1 — 2 at t = 0. The switch was initially
in position 1 since a long time. The graph between charge on capacitor C and time 't" is

(A) CC/Z \\

t

B

2R

2E
Applying KVL

2E — 2iR— CE*4

=0

2iR=g-31
C

dq

2RC.— = (CE-q)

t
ICEq 2R~!

0

m[CEZA)__L
CE ) 2RC

t

CE-q=CEe*

t
q= CE(l—e_T]

A step voltage Vo is applied to a series combination of R and C as shown in the figure. Then,

Vo <\,
MWWV
vt — l R=1kQ
~—» 1uF ==V,
=0 "t
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ntre ot Evcaliacas CAPACITANCE

(A) After sufficiently long time Vg =0
(B) As time passes Vr decreases as GJ

(C) After 1 ms, V¢ = 6.3 volt (approximately)
(D) Initially current through R is 10 mA

Ans. ACD

Sol.  (A) After long time current in the circuit is zero. Hence = Vg =0
(B) This is case of charging of capacitor.

g= qo(l e/)

VR ae *
(C)After 1ms.

10
q=10x107°x10 (1—e msxmﬁl

q=10"(1-¢?)
-5 -1
VE &:w = 6.3 volt
C 10
(D)att=0
2V _ 10
R 10°
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EXERCISE # (O-2)

1. Two capacitors of 2 uF and 3 uF are charged to 150 volt and 120 volt respectively. The plates
of capacitor are connected as shown in the figure. A discharged capacitor of capacity 1.5uF

falls to the free ends of the wire. Then
1.5pF
o—{}l—o

150V = 2uF 3pF;|_1 120V

A

(A) charge on the 1.5 uF capacitor is 180 uC

(B) charge on the 2uF capacitor is 120 uC

(C) positive charge flows through A from right to left.
(D) positive charge flows through A from left to right.

Ans. ABC
Sol. Initial Final
1.5uF -
| q
I Al
300 _1-360 300-gls  1ouF —1-360 +
__2uF 3uF > __2uF 3uF f
-300 360 -300+q |~ +(360-q
Applying KVL
300-q  q , 360-q_,
2 1.5 3
= q=180 puC
AB,C
2. In the circuit shown, each capacitor has a capacitance C. The emf of the cell is E. If the switch
Sis closed
c S
1
g
— C
+=!—
E

(A) positive charge will flow out of the positive terminal of the cell
(B) positive charge will enter the positive terminal of the cell
(C) the amount of charge flowing through the cell will be CE.
(D) the amount of charge flowing through the cell will be 4/3 CE.
Ans. AD
Sol.  After closing the switch
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Ans.

Ans.
Sol.

- C,=8uF

(A) The charge on C; is greater that on C;
(B) The charge on C; and C, are the same

Centre anI‘DExceITt:'nce
C
||
1
C
|
11
€
| | Ceq=2C
Before closing the switch
{ }
| |
11
{ }
L 2C
a a3
Charge flown = ZCS—(EC]S :ﬁ
3 3
A D
In the circuit shown initially C1, C, are uncharged. After closing the switch
I oy
C=4uF =
BV

(C) The potential drops across C; and C, are the same
(D) The potential drops across C is greater than that across C,

B
In series charge will be same
12-9.6-9_¢
8 4
q=48uC
o1
| 12
alL *a
+aT G cz-:q
|
B
6V
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Ans.
Sol.

Ans.
Sol.

v, =8 _gv
8
V, :%:12v

A circuit shown in the figure consists of a battery of emf 10 V and two capacitance C; and C,
of capacitances 1.0 uF and 2.0 uF respectively. The potential difference Va — Vg is 5V
C C

Ao— B
€
(A) charge on capacitor C; is equal to charge on capacitor C,
(B) Voltage across capacitor C; is 5V.
(C) Voltage across capacitor C, is 10 V
(D) Energy stored in capacitor C; is two times the energy stored in capacitor Co.

AD
As the capactitance are in series hence charge on both of them will be same.

2
E-Q
2C
V1:V2:E:1, V1=EX15=10V
12 3
V, =5V

Four capacitors and a battery are connected as shown. The potential drop across the 7 uF

capacitor is 6 V. Then the :
12uF

£ ) J— TuF
T ::3.9uF I
_|_

(A) potential difference across the 3 uF capacitor is 10 V
(B) charge on the 3 uF capacitor is 42 uC

(C) e.m.f. of the battery is 30 V

(D) potential difference across the 12 uF capacitor is 10 V.
BCD

From the diagram

Q=78+42=120uC
' [|__20 20

Lv-ey

V=Q/C=10V 7uF Q =CV =42uC
ET i I
= Q =42 [.IC
] =78uC 3”FTV = Q/C = 14Volt
0 0 0

E—20+10—3'g;/ |l
- = 12uF
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6.

Ans.
Sol.

Ans.
Sol.

The capacitance of a parallel plate capacitor is C when the region between the plate has air.
This region is now filled with a dielectric slab of dielectric constant k. The capacitor is
connected to a cell of emf E, and the slab is taken out

(A) charge CE(k — 1) flows through the cell

(B) energy E*C(k — 1) is absorbed by the cell.

(C) the energy stored in the capacitor is reduced by E*C(k — 1)

(D) the external agent has to do % E*C(k — 1) amount of work to take the slab out.

ABD

Initial Final
K
[ ||
] 11
Q
E E
i X
Ci =KC Cf =C
Qi=KCE Qf=CE
1 1
(Energy); = E(KC)EZ (Energy)r = EC(E)Z

(Charge flown) AQ = KCE - CE = (K- 1) CE, into the cell.
Energy absorbed = (A0) (AV) =((K-1)CE) E
= E°C(K-1)

Heat = % E’C(K-1)

A parallel plate air-core capacitor is connected across a source of constant potential difference.
When a dielectric plate is introduced between the two plates then :

(A) some charge from the capacitor will flow back into the source.

(B) some extra charge from the source will flow back into the capacitor.

(C) the electric field intensity between the two plate does not change.

(D) the electric field intensity between the two plates will decrease.

BC
I;"""";I(:lielectric slab
|!..l|
|\
|I
V = const.
C = BoKA ct, Q=cv?
E= X = const.
d
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8. A parallel plate capacitor of plate area A and plate seperation d is charged to potential

difference V and then the battery is disconnected. A slab of dielectric constant K is then
inserted between the plates of the capacitor so as to fill the space between the plates. If Q, E
and W denote respectively, the magnitude of charge on each plate, the electric field between the
plates (after the slab is inserted) and the work done on the system, in question, in the process of
inserting the slab, then

€ AV g, KAV \ g,AV? 1
A £ B) Q=-2 C)E=— D) W=-2 1-—
(A) Q= (B) Q q ©) d (D) 2d(Kj
Ans. ACD
Sol. U :%CVZ
U, - leA V2
2 d
Al I
1
After inserting slab Q = const.
2
U, - _Q {Q _ SOAV}
- 2C d
U. = g AV g AV°
" 2d%ke, A 2dk
W.D. = Us = U;
_ N £,AV? (1_£j
2d k
9. A parallel plate capacitor has a parallel slab of copper inserted between and parallel to the two

plates,without touching the plates. The capacity of the capacitor after the introduction of the
copper sheet is :
(A) minimum when the copper slab touches one of the plates.
(B) maximum when the copper slab touches one of the plates.
(C) invariant for all positions of the slab between the plates.
(D) greater than that before introducing the slab.
Ans. CD
Sol. — i
d-t+t/K
Independent of Position

10.  Two thin conducting shells of radii R and 3R are shown in the figure. The outer shell carries a
charge +Q and the inner shell is neutral. The inner shell is earthed with the help of a switch S.
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Ans.

Sol.

11.

Ans
Sol.

(A) With the switch S open, the potential of the inner sphere is equal to that of the outer.
(B) When the switch S is closed, the potential of the inner sphere becomes zero.

(C) With the switch S closed, the charge attained by the inner sphere is — Q/3.

(D) By closing the switch the capacitance of the system increases.

ABCD

@ V=2 V=2
3R 3R

(b) Earthing means VV =0

kq' kQ .
€) 4+ —=<=0=q'=-q/3
© R 3R 4=

(d) energy between the spheres increases.

A parallel-plate capacitor is connected to a cell. Its positive plate A and its negative plate B
have charges +Q and —Q respectively. A third plate C, identical to A and B, with charge +Q, is
now introduced midway between A and B, parallel to them. Which of the following are
correct?

(A) The charge on the inner face of B is now _3Q

(B) There is no change in the potential difference between A and B.

(C) The potential difference between A and C is one-third of the potential difference between B
and C.

(D) The charge on the inner face of A is now Q/2 .

ABCD

Initially

s A
d

= C=

v_Q
C

Qd
€ A
Finally
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Q
c c
Q22 -Q/2]3Q/2
-3Q/2]Q/2

>m
=
<

12.  The circuit shown in the figure consists of a battery of emf € = 10 V; a capacitor of capacitance
C =1.0 pF and three resistor of values R; = 2Q, R, = 2Q2 and R3 = 1Q. Initially the capacitor is
completely uncharged and the switch S is open. The switch S is closed at t = 0.

MWW s
RZ
i
-|— €
(A) The current through resistor R3 at the moment the switch closed is zero.
(B) The current through resistor Rz a long time after the switch closed is 5A.

(C) The ratio of current through R; and Ry is always constant.

(D) The maximum charge on the capacitor during the operation is 5uC.
Ans. ABCD

Sol.  An initial state
Qcapacitor = 0, AVep=0 = iR3 =0
RlRZ

R, -C

Req = RR, =10
An Steady state
Req = RiR, +R,=20Q
R, +R,
RegT Current |
10

linitial = 10 A, Ifinal = 5= 5A

H.O. 92, Rajeev Gandhi Nagar, Kota (Raj.) Mob. 97831-97831, 70732-22177, Ph. 0744-2423333 m
www.nucleuseducation.in



CAPACITANCE

Ans.
Sol.

14.

AV, = AV,, =5 x 1= 5 volt
Q=CV=(1) (5) = Iuf

In the circuit shown in figure C; = C, = 2uF. Then charge stored in

10 20 3Q

20 10 3Q
12|OV

(A) capacitor Cy is zero
(B) capacitor C; is zero
(C) both capacitor is zero
(D) capacitor C; is 40 uC

BD
20A 10 A 20 B 3Q
———MWW—— MWW—e—WW—
120V 0
208 20 C %é% D 3Q
N
40A
1%0V
|
Circuit, at steady state
Req = 3Q
i= @=40A
3

Va=100V, Vg =60V,
Vc=80V,Vp=60V
(AV), =V, —V, =20V

Qq, =404C
(AV)C2 =0
Qc =0

2

A capacitor of capacity C is charged to a steady potential difference V and connected in series
with an open key and a pure resistor 'R'. At time t = 0, the key is closed. If | = current at time t,
a plot of log I against 't' is as shown in (1) in the graph. Later one of the parameters i.e. V, R or
C is changed keeping the other two constant, and the graph (2) is recorded. Then
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Ans.
Sol.

15.

Ans.
Sol.

log 1 2)

)

O >t
(A) C is reduced (B) C is increased (C) R is reduced (D) Ris increased
B

i=ie

t/RC

ni=/n io—L
RC
Intercept in same in graph

= i is same = R is same IZE

And magnitude slope of graph (Ricj J decreased = C T increased

A parallel plate capacitor of area A and separation d is charged to potential difference V and
removed from the charging source. A dielectric slab of constant K = 2, thickness d and area A/2
is inserted, as shown in the figure. Let o; be free charge density at the conductor-dielectric
surface and o, be the charge density at the conductor-vacuum surface.

% -

(A) The electric field has the same value inside the dielectric as that in the free space between
the plates.

(B) The ratio 1 s equal to %

G,

(C) The new capacitance is 3&

(D) The new potential difference between the plates is % V.

ABCD

d K=2 L AIr
E (K=1)
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16.

Ans.
Sol.

ED TION
Centre of Excellence
“(3) | =(%)
0| A 0| 4 3c A
Ce = 2 + 1 K =>%
d d 2 d
(e} (@)
Ek = K; air = 8_2
0 0
.- AV is same.
1 . 4=%2.4
Ke, €
21_K=2
G,

-~ Charge on capacitor remain same
C1 V1 = Cg Vg

AE (gCJVZ =V, =%

A dielectric slab fills the space between the plates of a parallel-plate capacitor. The magnitude
of the bound charge on the slab is 75% of the magnitude of the free charge on the plates. The
capacitance of the capacitor is 480 pF with the slab inserted. The maximum charge that can be
stored on the capacitor is 240 g)L°Emax, Where Enma is the breakdown field. Choose the

CORRECT statement(s)

(A) The dielectric constant for the dielectric slab is 4
(B) Without the dielectric, the capacitance of the capacitor would be 360 pF.

(C) The plate area is 60 L*

(D) If the dielectric slab is having the same area as the capacitor plate but the width half that of

the capacitor, the capacitance would be 192uF.

ACD
O|E +||~°
— +
— Oj +
- +
= +
— +
= +
- +
= +
= +
1 3
Gi=C (1_EJ = 2 (o)
1_i = E
K 4
= K=4 ... (A)

KC = 480 pF = 4C
-  C=120pF
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Qstored = K (CV)
24002 E = 4 (‘C’OAJ (Ed)

€A
d/2

Co= (‘C’OAJ = 240pF

Ci= K( j = 960pF

d/2
c. - CC, _ 960x240 _ ¢
7 C,+C, 960x240

2UF

17. Mark the CORRECT statement(s) regarding the current I through the battery in the circuit
shown in figure.

1
R

(A) Immediately after the key K is closed, | = Ri

1

(B) Immediately after the key K is closed, | =

R, +R;
(C) Long time after key K is closed, | =
1 + RS
(D) Long time after key K is closed, | =
R, +R,
Ans. AC
Sol.  Immediately after closing the switch, C; behave like wire i = RE

1

long time after R3 become working i = =
+

3
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1]

18.

Figure shows two identical capacitors A & B with identical dielectric inserted between them and
are connected to a battery. Now the slab of capacitor B is pulled out with battery connected :

A B

—

+] =
II

(A) During the process current flows counter clockwise in the circuit.
(B) Finally charge on capacitor B will be less than that on capacitor A.
(C) Electric field in capacitor A reduces in magnitude.

(D) During the process, internal energy of the battery increases.

Ans. ACD
Sol. Cao=KC,Cg=KC (Ca)i=KC, (Cg)i=C

19.

_ kc o - (KOx(©) _ KC
2 T KC+C K+l
Ceq { se = charge flows into the battery from positive terminal.

Ceq

In the circuit shown in Fig. initially key K; is closed and key K is open. Then K is opened and
K> is closed (order is important). [Take Q'; and Q', as charges on C; and C; and V; and V; as

voltage respectively. Then
K, K,

{a) {a)
\*) \*/

I_- = Cl::: CZ:
E

(A) charge on C; gets redistributed such that V; = V,

(B) charge on C; gets redistributed such that Q'; = Q",

(C) charge on C; gets redistributed such that C;V; + C,V,=C;, E
(D) charge on C; gets redistributed such that Q'; + Q" =Q

Ans. AD
Sol. Initially, Q=C, E

20.

When K; opened & K closed, the charge Q is distributed between both capacitors, such that

V1 = Vz
= g — % Q]-'__ __QZ’
c, G, T Te,
= Q'=Q
Also er + Qz’ = Q

= CVi+CV,=C, E

A parallel plate capacitor is connected to a battery as shown in Fig. Consider two situations:
A: Key K is kept closed and plates of capacitors are moved apart using insulating handle.
B: Key K is opened and plates of capacitors are moved apart using insulating handle.
Choose the correct option(s).
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Ans.
Sol.

21.

Ans.
Sol.

22,

Ans.
Sol.

\\J}

EI cd

(A) In A: Q remains same but C changes.

(B) In B : V remains same but C changes.

(C) In A : V remains same and hence Q changes.

(D) In B : Q remains same and hence V changes.

CD

Case (A) : Kj is closed and hence battery is connected. . 'V remains same.
Case (B) : Battery disconnected, hence charge on the capacitor plates remains same.

As shown in circuit C; is initially uncharged. Now switch is shifted from position S; to S; then

1

£ 5

I: TSZ

(A) Charge distribution will not take place

(B) Charge & energy distribution will take place but

total energy & charge of system (circuit) will remain constant

(C) Charge will decrease

(D) Circuit will release some energy

D

Charge distribution will take place and due to this U; and Us will be different.

A parallel plate capacitor is charged from a cell and then isolated from it. The separation
between the plate is now increased

(A) the force of attraction between the plates will decrease

(B) The field in the region between the plates will not change

(C) The energy stored in the capacitor will increase

(D) The potential difference between the plates will decreases.

BC
g=CV
Now when capacitor will isolated from cell charge on capacitor will remain constant.
2 2
C=EOA S u=1_9 4 = U — increase.
2C ¢ A

v=d__9 4 = V — increase.

C g
E =X: g = E — increase same

g Aeg,

F=9.E = F— remainssame
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23.

Ans.

Sol.

24,

Ans.

Sol.

25.

Ans.

Sol.

Paragraph for Q. No. 23 to 24
The charge across the capacitor in two different RC circuits 1 and

2 are plotted as shown in figure.
q

qmax 1

0 t
Choose the correct statement(s) related to the two circuits.
(A) Both the capacitors are charged to the same charge.
(B) The emf's of cells in both the circuit are equal.
(C) The emf's of the cells may be different.
(D) The emf E; is more than E,
AC
For charging,

Q=Qmax(1-e¢ _I/RC)

=CE (l —e —t/RC)

As Qmaxt = Qmax2
= CiE1 =CiE2
Hence E; & E; may be different

Identify the correct statement(s) related to the R1, Rz, C; and C, of the two RC circuits.

(A) Ri>R,ifE;=E; (B) Ci<CyifE;1=E; (C) RiC1 > R,C,

D
As the maximum charge reaches earlier in circuit 1
So T1 < T2
= R:Ci1 < R,C,
R _C,
RZ Cl

©) = <

G,
Cl

A parallel plate capacitor is connected to a battery. The quantities charge, voltage, electric field
and energy associated with the capacitor are given by Qo, Vo, Eo and Ug respectively. A
dielectric slab is introduced between plates of capacitor but battery is still in connection. The
corresponding quantities now given by Q, V, E and U related to previous ones are

(A)Q>Qo (B) V>V (C)E>Eo
A

Charge increase as Capacitance increases

Ci=CV,

Cr = (KL) (Vo)

5 Q>Qo

(D) U < U
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26. In the given figure, a capacitor of non—parallel plates is shown. The plates of capacitor are
connected by a cell of emf V. If o denotes surface charge density and E denotes electric field.
Then
N
Vo A
.a\q:
(A) oa> o8 (B) Es>Ep (C) EF=Ep (D) oa=o08
Ans. A
Sol. E,= v E.= v
dA dB

da — distance between plates at A
ds — distance between plates at B
Since, dg > da

Ep>Er

Oa T8

€& &

G, ~ Op

27.  Three identical capacitors A, B and C are charged to the same potential and then made to
discharge through three resistances Ra, Rg and Rc, where Ra > Rg > Rc. Their potential
differences (V) are plotted against time t, giving the curves 1, 2 and 3. The relations between A,
B,Cand 1,2, 3is/are -

!

t—>
A)1->A (B)2—>B ©)1->C D)3—>A
Ans. BCD
Sol. t=RC AsRT, T
C.TA > TR 2 TC
. A will discharge slowest and C will discharge fastest.
~1-5C
2—>B
3>A

Paragraph for Q. 28 to 30
In the circuit shown initially the switches are open and capacitors are uncharged. Switches S;
and S, are closed simultaneously at t = 0.
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C. R, =6Q
2 uF
S, .
|_
R, =3Q 4 uF
+ == — AN
18V S,
28. Charge on capacitor C, at steady state
(A) 12 uC (B) 24 uC (C) 48 uC (D) None of these
Ans. C
Sol.  Equivalent circuit diagram
2uF 4uF

?.8V

Qc, =(12-0)(4uF) = 48uC
Qe =(18-12)(2) =12uC

29. Now switch S, is opened after a long time interval then charge flow through the S; is
(A) 12 uC (B) 24 uC (C) 36 uC (D) 48 uC

Ans. D

Sol.  After opening the switch

Qe =2x18=36uC
Qc, =4x18=72uC
Qr = (36 — 12) + (72 — 48) = 24 + 24 = 48 uC

30. In above question the amount of heat dissipated in resistors
(A) 216 uJ (B) 272 uJd (C) 68 ud (D) None of these
Ans. A

Sol. Heat=W;g—(g—¢g) =216 puJ

31. For the circuit shown, which of the following statements is true ?
V,=30V V,=20V

S, + _S., 4+ _ S
— C=2pF C,=3pF —
(A) with S; closed, V1 =15V, V, =20V

(B) with Sz closed, V; =V, =25V

(C) with S; & S, closed, V1 =V, =0
(D) with S; & S; closed, V1 =30V, V, =20V
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Ans.
Sol.

D
There will be no effect untill all the 3 switches are closed.

Two identical capacitors, have the same capacitance C. One of them is charged to potential V;
and the other to V,. The negative ends of the capacitors are connected together. When the
positive ends are also connected, the decrease in energy of the combined system is

1 2 2 1 2 2 1 2 1 2
(A) 7€ (W-V7) (B) 7C (V+V7) (© 7C (V, -V,) (D) 7C (Vi +V,)

Initial
1 F 1 F
Cu, V1 Ca V2
1 1
gzicl\/lz , S—ECZVZZ

CiV1+ GV, = (Cl + Cz)V
P AVERCAYA
C, +C,

g = Ec:lv2 +lczv2
2 2

AE =¢, —¢; :%C(Vl—vz)z

Paragraph for Q. 33 to 36
A highway emergency flasher uses a 120 volt battery, a 1 MQ resistor, a 1 uF capacitor, a neon
flash lamp in the circuit shown in the figure. The flash lamp has a resistance more than 10™° Q
when the voltage across it is less than 110V. Above 110 V, the neon gas ionizes, the lamp’s
resistance drops to 10 Q, and the capacitor discharges completely. Until the capacitor voltage
reaches the breackdown voltage V, = 110 V, the large resistance of the flash lamp ensures that
it draws a negligible current. The capacitor charges as if the lamp were absent. At V,, however,
the lamp resistance quickly becomes negligible, and the capacitor discharges through the lamp
as if the battery and the series resistor were absent. The time between the flashes is the time for
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the capacitor to charge to Vy. The flash duration is roughly the time for the capacitor to
discharge through the lamp, or about 3 time constant of the capacitor-lamp circuit. The flash
energy is the stored energy in the capacitor at 110 volt.

@ﬂash lamp

|
llCc=1pF

R=1MQ
e=120V

33.  The flash interval is found by solving for the time when the capacitor voltage is Vp = 110 V.
Vi = g(1 — e ’R), ¢n 12 = 2.5). Flash interval is
(A)2s (B)2/5s (C)5/2s (D)1s

Ans. C

Sol. Vp=g(1l-e"R¢)
Vp=110V,C=1puF, €=120V,R=1MQ
110 =120-120 e **

1_

Th
t=/n12
t=2.5sec

(¢]

34.  Time constant (t¢) of the capacitor-lamp circuit is

(A) 20 us (B) 15 ps (C) 30 us (D) 10 pus
Ans. D
Sol. 1t =RampC
=10 % (1 uF)
=10pus
35. Flash duration is
(A) 10 us (B) 20 ps (C)30 us (D) 5 ps
Ans. C
Sol.  Flash direction = 3 (1)
=3 x 10 us
=30 ps
36.  The energy in the flash is
(A) 6.1 mJ (B)6.1J (C)3mJ (D) 12.2 mJ
Ans. A

Sol. Energy :%(C)alo)2 = %x(lO‘B)(MO)Z = 6.1 mJ

Paragraph for Q. 37 to 41
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37.

Ans.

Sol.

38.

Ans.

Sol.

39.

Ans.

Sol.

40.

Ans.

Sol.

Two identical capacitor A and B, each of capacitance 'C' are connected in series. The
combination connected to a battery of emf E. A dielectric slab of dielectric constant K is
introduced between the plates of capacitor B to cover entire space between the plates.

KESI =B
[
A
T |
After introduction of dielectric slab in B, the ratio of capacitance of A and B is
(A) 1:1 (B) 1:K (C) K:1 (D) 1:VK
B
CA =C CB =KC
G 1
C; K
After introduction of dielectric slab in B, the ratio of potential differences across A and B will be
(A) 1:1 (B) 1K (C)K:1 (D) 1: VK
C
In series charge is same
Qa=0Qs
CaVa =CgVs
Va_Ca_y
VB CA

The ratio of potential differences across A before and after the introduction of dielectric slab in
B will be

(A) 11 (B) 1K (C) (K+1) :2 (D) K+1:2K

D

(AV,), =

r\)|<

(AVA )f -

VY

K jv
K+1
Ratio=E

2

AN+

The ratio of potential difference across B before and after the introduction of dielectric slab in
B will be

(A) 1:1 (B) K:1 (C) (K+1):2 (D) K+1:2K
C
i
(AVe), =~
(AV,), =V - [ K jV:L
K+1 K+1
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Ratio = K+l
2
41. The ratio of energy stored in capacitors A and B after the introduction of dielectric slab in B is
(A) 1:1 (B) 1:K (C)K:1 (D) (K+1)%: K2
Ans. C
2
A
Sol. a-2Ca_Ce_g
€ 8 Ca
2C,
Paragraph for Q. 42 to 44
In the circuit as shown in figure the switch is closed at t = 0.
R,
MWW
E— —C ?Rz
e
S
42. At the instant of closing the switch
(A) the battery delivers maximum current.
(B) no current flows through C
(C) Voltage drop across R; is zero.
(D) the current through the battery decreases with time finally becomes zero.
Ans. AC
t = = Req = Rl + R2
g = T —
PR, """ TR, +R,
current through battery is maximum att =0
Ve =V, =% = (att = 0)
(AC)
43.  Along time after closing the switch
(A) voltage drop across the capacitor is E.
(B) current through the battery is
1 + 2
1 ([ RE Y
(C) energy stored in the capacitor is —C 2
2 \R,+R,
(D) current through the capacitor becomes zero.
Ans. BCD
Sol. (B)t=zw = i= E
R, +R,
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1 1_.
(C) E = EC(VRZ)Z ZEC(IRZ)Z
2
_ EC R,E
2 \R,+R,
(D) Capacitor becomes full charged
d_,
dt

44. A capacitor of capacity Co is connected to a battery of emf Vo. When steady state is attained a
dielectric slab of dielectric constant K is slowly introduced in the capacitor. Mark the Correct
statement(s), in final steady state
(A) Magnitude of induced charge on the each surface of slab is CoVo (K - 1)

(B) Net electric force due to induced charges on one the plate is zero.

2
(C) Force of attraction between plates of capacitor is —Kécovz\)
So
_1\2
(D) Net field due to induced charges in dielectric slab is 8Vo(k=1)°
Keg, A
Ans. AB
Sol.
K
X: ’
—_ Co
| |y
VO Vo

1 1
(A) Q.= Q(l_Ej =KCoVo [1_Ej = CoVo (K-1)
(B) Fret =0 ( E due to induced charges outside the dielectric will be zero)
45, Inside a parallel plate capacitor of capacitance C (without dielectrics) dielectrics are filled

which have dielectric constant k; and k, such that k; > k;, . The capacitor is now connected to a
battery of voltage V then

Kl KZ

A2 A/2

(A) New capacitance of the capacitor will be (kl ; K, jC

(B) Field in dielectric 1 will be more than the field in dielectric 2
(C) Surface charge density on the capacitor plates will be uniform
(D) Field in both the dielectric regions will be the same.

Ans. AD
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Sol. Ci= K, SOA/Z] C2:K2(80A/2)
d d
K +K e, A K, +K
Coq=C1+Cp=| 22 || 200111 "2 1C (A
Mo 2[2)“](2) )
AV

46.

Ans.
Sol.

47.

(B)  E will be same = o

o, |1 _[o. |1
©) (gj Kl_(EOJKz

o1 and oy are not same

Column-I1 Column-I1

(A)  Plates of an isolated, charged, parallel plate, (P) Electric energy stored inside
air core capacitor are slowly pulled apart. capacitor increases in the process.

(B)  Adielectric is slowly inserted inside an (Q)  Force between the two plates of the
isolated and charged parallel plate air cored capacitor remain unchanged.
capacitor to completely fill the space between
plates.

(C)  Plates of a parallel plate capacitor connected (R)  Electric field in the region between
across a battery are slowly pulled apart. plates remain unchanged.

(D)  Adielectric slab is slowly inserted insidea (S)  Total electric energy stored inside
parallel plate capacitor connected across a capacitor decreases in the process.

battery to completely fill the space between
plates. (T)  Electric field in the region decreases.
(A) »>POR; (B) »QST; (C) »ST; (D) »PR
For (A) : Field remains same as charge is same. Hence energy stored increases. (P) & (Q) as
field is same and (R).
For (B) : Since distance between plate and charge remains same and field decreases, (S & T)

2

F._Q

So
For (C) : Since connected to battery P.D. remains same and as distance increases the electric
field decreases. (T) Also as capacitance decreases the charge also decreases decreasing the
force of interaction and energy inside decrease (S).
For (D) : Capacitance increases and P.D. remaining same, thus charge and energy increases (P)
and force of interaction increases. Field remains same as distance and P.D. remains same (R)
and energy increases.

, charge is same hence force remain same (Q).

Column-I shows some parameters after completion of event and Column-I1 shows the
arrangements to which these parameters belong.
Column-I Column-II
(A)  Work done by external agent is negative (P) Dielectric is being removed slowly
from a charged capacitor
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(B)  Electric field between plates increases Q)
(C)  Energy of capacitor decreases (R)
(D)  Force between plates remains constant (S)

(T)

Ans. (A) > QRST; (B) »PS; (C) > RT; (D) »>PRT

Dielectric being introduced slowly
while battery is connected

i

Dielectric is being introudced slowly
in a charged capacitor

1

Plates of capacitor are being slowly
moved closer

> <«
Plates of capacitor are being moved
slowly in a charged capacitor
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EXERCISE # (JM)
1. A parallel plate capacitor with air between the plates has a 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 k; = 3 and thickness d/3 while the other one has dielectric
constant k, = 6 and thickness 2d/3. Capacitance of the capacitor is now : [AIEEE-2008, 4/144]

C=9FPF
— 3 6
(1) 45 pF (2*) 40.5 pF (3) 20.25 pF (4) 1.8 pF
, Ac Ac 18A €
Sol. C'= 0 = 0_ = 0
’ d 4, d.2d 4
3 6 9 18

C =40.5PF

Correct choice is (3).
2. Let C be the capacitance of a capacitor discharging through a resistor R. Suppose t; is the time

taken for the energy stored in the capacitor to reduce to half its initial value and t; is the time
taken for the charge to reduce to one-fourth its initial value. Then the ratio t;/t, will be
[AIEEE-2010, 4/144]

1 1
1)1 @ 3 ®) 5 4) 2
Ans. (3)
2 2.2tz 2
sol. Up=do % _Up oG aue
2C 2C 2 4C 2

T
t1 = > m2 (1)
and g =qo e "
% = qoe ",
e _ 1

4
=2tIn2  ..(2)

t, 1

t, 4
3. A resistor 'R' and 2uF capacitor in series is connected through a switch to 200 V direct supply.
Across the capacitor is a neon bulb that lights up at 120 V. Calculate the value of R to make the
bulb light up 5s after the switch has been closed. (logi02.5=0.4)  [AIEEE - 2011, 4/120, -1]
(1) 1.3x 10°Q (2) 1.7 x 10°Q (3) 2.7 x 10°Q (4)3.3x10'Q
Ans. (3)

e
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Sol.

contc o cATIoN CAPACITANCE
|
[

200V
v =200(1 - ™)
120 = 200(1 - %)
ot - 200-120 _ 80
200 200

t/t=1og(2.5) =0.4
5=(0.4)xRx2x107°
R-__ 2

(0.4)x2x10°°
= R=2.7x10°

=

Combination of two identical capacitors, a resistor R and a dc voltage source of voltage 6V is
used in an experiment on a (C — R) circuit. It is found that for a parallel combination of the
capacitor the time in which the voltage of the fully charged combination reduces to half its
original voltage is 10 second. For series combination the time needed for reducing the voltage
of the fully charged series combination by half is : [AIEEE 2011, 11 May; 4, -1]
(1) 10 second (2) 5 second (3) 2.5 second (4) 20 second

(©)
Time constant for parallel combination = 2RC
Time constant for series combination = %

In first case :

4
V=V, 2R¢ = % ........ (i)

In second case :
— t2

V =V0e (RC/2) -
From (i) & (i),
4 - L
2RC  (RC/2)

Mo
2

The figure shows an experimental plot discharging of a capacitor in an RC circuit. The time
constant t of this circuit lies between : [AIEEE 2012 ; 4/120, -1]
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Ans.
Sol.

Potential difference
V in volts

—_—

(1) 150 sec and 200 sec
(3) 50 sec and 100 sec
(4)

Q = Ceo e—t/cR

4e = dgy gt

€= ¢gp gl

When t=0 = g =25

200
£=g=25¢e °
when t =200 = e=bh
5=25
200

In5=—
T

L2200 _ 200
/n5 /n10—/¢n2

_ 200

~ /n10-0.693

Alternative :
Time constant is the time in which 63% discharging is completed.
So remaining charge = 0.37 x 25 =9.25V

Which time in 100 < t < 150 sec.

6.

Sol.

25
20¢—

15 ‘\
1 : \\\
’ T~

50 100 150 200 250 300

Time in seconds ———»

(2) 0 and 50 sec
(4) 100 sec and 150 sec

Two capacitors C; and C, are charged to 120 V and 200 V respectively. It is found that by
connecting them together the potential on each one can be made zero. Then:  [Capacitance]

(l) 5C; =3C, (2) 3C; =5C,

C,
+ —
| |
]
+—>
20V
G,
— +
|
+—>
200V

N

(3)3C,+5C,=0  (4)9C, = 4C,

For potential to be made zero, after connection

120C1 =200 Cz
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contc o cATIoN CAPACITANCE

Ans.

Sol.

Ans.

Sol.

A parallel plate capacitor is made of two circular plates separated by a distance of 5 mm and with a
dielectric of dielectric constant 2.2 between them. When the electric field in the dielectric is 3 x 10*
V/m, the charge density of the positive plate will be close to : [JEE-Mains 2014]
(1) 6 x 107'C/m? (2) 3 x 107'C/m? (3) 3 x 10°C/m? (4) 6 x 10°C/m?
(1)
Electric field inside dielectric Ki =3x10*

€9
= 5=22x885x10"%x3x 10
=6 x 107 C/m’

In the given circuit, charge Q, on the 2uF capacitor changes as C is varied from 1uF to 3uF.
Q as a function 'C' is given properly by : (figures are drawn schematically and are not to scale)

[JEE MAIN 2015]
1uF
Cc
2uF

!
E

Charge Charge
QZ /\i QZ '/i
! W : | C
(1%) | 1uF  3uF (2) | 1uF  3uF
Charge Charge
Q, K Q, /
| |
l L ,C : , .C
3) | 1uF  3pF (4) | 1uF  3pF
1
I Q-Q Q-
|—H— EI—I
C —l |[—=| C 3uF
”2},1}‘—‘=
[ -
E E
3C
Ceq= —— =Ceq.E
M 3+C Q=Ced
_ 2CE 3CE
Q= -
(C+3) (C+3)
ZZE{l— 3 }
C+3
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contc o cATIoN CAPACITANCE

Ans.
Sol.

10.

Q2/when c = 1uF = 2E {—} =

1
Q2/when C = 3uF = 2E[§}= E

dQ _~ 2E3 (_1)=£2>0
dC (C+3) (C+3)
d’0 6E(-2)  12E

dC? (C+3)°  (C+3)

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

9uF capacitors), at a point distant 30 m from it, would equal : [JEE MAIN 2016]
3uF
4uF H
11 -
i 9uF
|1
I
2uF
I
=
sv
(1) 360 N/C (2*) 420 N/C (3) 480 N/C (4) 240 N/C
2
M
11
8V 4Iu=F 2=\/ oV
| |
11
9uF
onF
1
| |
I |
8V
Qayr = 24pC, Qoyr = 18uC

Q=24+18=42uC
KQ 9x10°x42x10°°
r’ 900

E= =420 N/C

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

not more than 300 V. [JEE MAIN 2017]
The minimum number of capacitors required to achieve this is :
12 (2) 16 (3)24 (4*) 32
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contc o cATIoN CAPACITANCE

Ans. 4
Sol.  We need 4 capacitors in single branch to be corrected across 1000 v

1uF 1uF 1uF 1uF
—— 1

1 1

Ceq Of single branch = %MF

we need Ceq = 2uF = (%) (m branches )

m = 8 branches in parallel
Total No. of Capacitor =8 x 4 = 32

11. In the given circuit diagram when the current reaches steady state in the circuit, the change on
the capacitor of capacitance C will be : [JEE MAIN 2017]

r
— —AA———

— A ———

BN
r

h (3) CE—2 (4) CE—1

(1) cE (2) CE (r,+1) (r+r,) (r,+r)

Ans. 3

12. A parallel plate capacitor of capacitance 90 pF is connected to a battery of emf 20 V. If a
dieletric material of dielectric constant K = g is inserted between the plates, the magnitude of

the induced charge will be : [JEE Main - 2018]
(1)0.9nC (2)1.2nC (3)0.3nC 424ncC

Ans. (2)
C =90 Pf

K=5/3

Sol. 20V
Ceq = KC
= E><90
3

=150 pF
Q=Ce. V
=150 x 20
=3000 x 10°2C
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ce CAPACITANCE

13.

Ans.

Sol.

=3nC (1—i)
5/3

=12nC

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 : [JEE Main-2019]
2 2 2 2
(1)£keoa (2)ke0a InK 3) ke, a InK (@) Keja
2 d d d(K-1) 2d(K+1)
©)

dy =9 (dx)
a

1 y . (d-y)

E_keoadx €, adx
i: 1 (X_Fd_y)
dc g, adx\k
J‘dC:J‘ =h adx

y
Yiq-
K 4
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contc o cATIoN CAPACITANCE

14.

Ans.
Sol.

15.

Ans.
Sol.

1
ke, ¥ , d+d(k—1j

T (@1-K)d " d

ke, a’ m ij_ k €, a’/nk
1-kd k) (k-1d

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 K3 = 14. The dielectric constant of a material which when fully inserted in above capacitor,
gives same capacitance would be :

I K\i K:i KSEBII]III

[JEE Main-2019]
1) 4 (2) 14 (3) 36 (4) 12
4)
Let dielectric constant of material used be K.
10e,A/3 N 13e,A/3 N 146,A13 _ KgA
d d d d
= K=12

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 :

[JEE Main-2019]
(1) 692 pJ (2) 560 pJ (3) 508 pJ (4) 600 pJ
(©)
q=10x12 x 107

Ui = % x12x10x10x10™*% = 600pj

charge on capacitance will remain same

2 _122
f:Q_: (10><12><i|_1(2) ) _ 92.3p]
2C 2x12x107“x6.5
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ATION CAPACITANCE

w = (600 — 92.3)pj = 507.7 pj

16. Seven capacitors, each of capacitance 2 yF, are to be connected in a configuration to obtain an

effective capacitance of (%j MF. Which of the combinations, shown in figures below, will

achieve the desired value ?

@) HF ) —<>-<HHHI~
(3) HHF (4)
—A:A—IHHHI-

Ans. (2)
Sol. By Hitand trial method
Option-2 in correct :

[JEE Main-2019]

1 1 1 1 11
=+ 4=
C, 3 c c cc
k_6
13"
17. In the figure shown, after the switch 'S’ is turned from position 'A’ to position 'B’, the energy
dissipated in the circuit in terms of capacitance 'C' and total charge 'Q' is:
A B
o
}
il C" 27T
[JEE Main-2019]
3Q° 5Q° 1¢Q° 3Q°
1) ——=— 2) —— 3) =— 4) ——
()8C ()8C ()8C ()4C
Ans. (1)
2
Sol. Ui = Q—
2C
3], 2(3)
Us= i 4 N 2\ 4
2 C 23C
2
Uf = Q_
8C
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contc o cATIoN CAPACITANCE

18.  The charge on a capacitor plate in a circuit, as a function of time, is shown in the figure:
What is the value of currentatt=4s?

6_
5_
)4
qlke) N
2_
0
2 4t(s) 6 8
[JEE Main-2019]
(1) 1.5pA (2) 2uA (3) zero (4)3pA
Ans. (3)
Sol. i= 3—? = slope of g-t curve
Att=4s, slope is zero, .. current is Zero.
19. In the circuit shown, find C if the effective capacitance of the whole circuit is to be 0.5 uF. All
values in the circuit are in pF.
[JEE Main-2019]
c 2
Ael—|
LTI
ij ]
=Ly 2
B
7 7 6
1) —uF 2) 4 uF 3) —uF 4) —pF
()111Ll (2) 4 n ()10“ ()SM
Ans. (1)
Sol.
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20.

Ans.

Sol.

Y
N—T—
w

_2x2
@ 242
2x2
= C,.n =—— = 1pF
P8 =5 5 u
Cre=2+2=4uF

2x4 4

= Cprg = =—
BT 54 3"

+1 =2uF

S0 Cpg = Cpop + Cpra = %"'1:%“':

Now, Ceq = 0.5 pF

:>O_5“F: CX—CPB
CwC B
;
= C=—uF
T

A parallel plate capacitor with plates of area 1m? each, area t a separation of 0.1 m. If the
electric field between the plates is 100 N/C, the magnitude of charge each plate is :-

C2
N —m?
(1)7.85x10°C  (2)9.85x10°C (3)885x10°C (2)6.85x107C
3

(Take g, =8.85 x 1072 ) [JEE Main-2019]

Q

Ag,

—100-— 9
1x8.85x107%*

—=Q=885x10"C
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contc o cATIoN CAPACITANCE

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 +ax) where ‘X is the
distance measured from one of the plates. If (ad)<<1, the total capacitance of the system is best

(GNUCLEUS
21

given by the expression : [JEE Main-2020]
Ak 242
(1) (1 O‘—dj (@ A& K[y, o0
d 2 d 2
2
@) A K( +£°‘—2dj J @) 2K "= (+ad)
Ans. (1)

Sol.  As K s variable we take plate element of Area A and thickness dx at distance x
Capacitance of element

i (A)K(1+ ax)e,

—L%

X dx
Now all such elements are is series so equivalent capacitance

_lAKao(1+ax)

i_ 1 In(1+ocdj
C oAKg, 1

2 3
11 (g (ed) (ad)
C o0AKg, 2 3
2
N 1_ od 1- ocd+(ocd) N
C oaAKe 2 3
1 d
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Gontro of Excatiaacs CAPACITANCE
22. A 60 pF capacitor is fully charged by a 20 V supply. It is then disconnected from the supply
and is connected to another uncharged 60 pF capacitor in parallel. The electrostatic energy that
is lost in this process by the time the charge is redistributed between them is (in nJ)
[JEE Main-2020]

Ans. (6)

2 2 2
o< & [@2 ) &
2C 2C 4C
= lcv2
4
1 -12 2
=ZX60X10 x4x10
=6nJ

23. Effective capacitance of parallel combination of two capacitors C; and C; is 10 uF. 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: [JEE Main-2020]

(1) 1.6 uF (2) 3.2 uF (3) 8.4 uF (4)4.2 uF

Ans. (1)

Sol.  In parallel combination,

Ceq=C1+C2=10 (1)
Given
(Energy Stored), = 4x(Energy Stored);
%C2V2:4X%C1V2 = C,=4C, (2
From (1) and (2)
C,=8 ufand C;=2 uf

For series combination, C, _ &6, o 1.6 pf

1+2

24. A capacitor Ls made of two square plates each of side 'a’ making a very small angle a between
them, as shown in figure. The capacitance will be close to : [JEE Main-2020]

€ d

-
IJ.l
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CAPACITANCE

Cad d d

(3)

Take a small element of thickness dx at distance x.

Capacitance for small element dx = dc

4 - So ada
¢ d+Xxa
t g, ada
c=j
o d+Xa
c=J'dc
0

2 2
c=Sod (1—(1—&] Inl+Xx) = x X
d 2d 2

1) S2 ( AR a’ (“oc_aj 3) S2

d

2

[

e
2d

j (4)

g a

d

2

[

| doa
2d

)
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Gontro of Excatiaacs CAPACITANCE
EXERCISE # (JA)

1. In an RC circuit while charging, the graph of In I versus time is as shown by the dotted line in

the diagram where 1 is the current. When the value of the resistance is doubled, which of the

solid curves best represents the variation of In | versus time? [T JEE-2004 (Scr)]

(A)P (B)Q (C)R (D)S
Ans. B

. =t E )
Sol. logi= — +log | — | ; Compare with =mx +C
g RC g (R) p y

1 E
= Im|= — ;c= log (—)
RC R

as R increases, |m| and C both decreases so (B) is the correct option

2. In the given circuit, the switch S is closed at time t = 0. The charge Q on the capacitor at any
instant t is given by Q (t) = Qo ( 1-e™). Find the value of Q and a in terms of given parameters
shown in the circuit. [I1'T JEE-2005]

R,
[ Wv
S
_'I- V
Ans. Q= CVR, ol R, +R,
R, +R, CRR,
Sol. Q,= Lo xR,
R, +R,
o 1 _ R,+R,
R.,C RR,C
Qmax = v XRZ’ Req = Rle
R, +R, R, +R,

3. An uncharged capacitor of capacitance 4uF, a battery of emf 12 volt and a resistor of 2.5 MQ
are connected in series. The time after which v, = 3vg is (take In2 = 0.693) [NT JEE-
2005 (Scr)]

(A) 6.93 sec. (B) 13.86 sec. (C) 20.52 sec. (D) none of these

Ans. B

Sol. vg+vg=12

VC+V?C:12:> vc = 9 volt
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V=2V,

— E (1 _ e—t/RC)
9=12 (1-e""??
9=12-12¢"0

3= 1pet10 - gt10_ 1

’ 4
io = m4=2m2=2x 693
t=2x6.93 =13.86

4. Given:R;=1Q , R, =2Q, C;=2uF, Cy,=4uF [1I'T JEE-2006]
The time constants (in uS) for the circuits I, 11, 111 are respectively
C G ||Cl
[ O e
7 Rl E_' Cz 1 2
Cl C2
R
oo ) LT
(D ) (II0)
(A) 18, 8/9, 4 (B) 18, 4, 8/9 (C)4,8/9,18 (D) 8/9, 18, 4
Ans. D
4/3 uF
| |
11
2/3Q
Sol. Wy
For fig. 1 Req = RR, :g:
R,+R, 3
6uf
| |
||
30
AN

H.O. 92, Rajeev Gandhi Nagar, Kota (Raj.) Mob. 97831-97831, 70732-22177, Ph. 0744-2423333
www.nucleuseducation.in



contc o cATIoN CAPACITANCE
CC, 4 4 2 8
o = = D T=—X—=—
“ Cc,+C, 3 33 9

For fig. 2Reg =R1+ R2 =3
Ceq=C1+Cy=6=>1=18

20

J:[ | —uf

For fig. 3 Req =

RlRZ —
R, +R,

2
3

Ceq=C1+C2=6:> T:6X§:4

5. A circuit is connected as shown in the figure with the switch S open. When the switch is closed,
the total amount of charge that flows from Y to X is [NT JEE-2007]
3uF X 6uF
1 ||
¢S
3Q 6 Q
Y
L
CAY
A0 (B) 54 uC (C) 27 uC (D) 81 uC
Ans. C

Sol.  When S open

g1 = 18mf = g, = 18uf
V, %

9 | | L%
11 | |
3pf 6uf
9 0
L AANA—ANN—
| 0
11
V:V,=—:—
1+ V2 36
V1:V2:2:1

V= §><9: 6volt

Vo = 3volt
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Ans.

Sol.

cni e LR CATION CAPACITANCE
auf Y asuf
Quf
=] 27uf 0
30 [=(9]

When S closed

A parallel plate capacitor C with plates of unit area and separation d is filled with a liquid of
dielectric constant K = 2. The level of liquid is % initially. Suppose the liquid level decreases

at a constant speed V, the time constant as a function of time t is [T JEE-2008]
Figure :

6e,R (15d +9Vt)e R 6g,R (15d -9Vit)e,R

(A) (B) (D)

A

C
5d +3Vt 2d* —3dVt -9V*4t? (©) 5d -3Vt 2d? +3dVt - 9V?3t?

d 2d
L (3 (3]

C . 2g,A gA _ZaOA

eq
—Vt+?+ 2th

q
3
1

[ 1 [@_thj
C. 2,Al3

eq”

6, A 6¢,AR
C ., =0t oo %M
«' "~ (5d+3Vi) (5d+3 V)

Statement-1 : For practical, the earth is used as a reference at zero potential in electrical
circuits.

and

Statement-2 : The electrical potential of a sphere of radius R with charge Q uniformly

Q [1IT JEE-2008]
ne, R
(A) Statement-1 is True, Statement-2 is True ; statement-2 is a correct explanation for
statement-1
(B) Statement-1 is True, Statement-2 is True ; statement-2 is NOT a correct explanation for
statement-1

distributed on the surface is given by
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CAPACITANCE

Ans.

Sol.

Ans.
Sol.

(C) Statement-1 is True, Statement-2 is False
(D) Statement-1 is False, Statement-2 is True
A

both statement are correct

At time t = 0, a battery of 10V is connected across points A and B in the given circuit. If the

capacitors have no charge initially, at what time
become 4V? [Take : /n5=1.6, /n3 =1.1]

(in seconds) does the voltage across them
[T JEE-2010]

_.B

M0 il
s
e
2
1mQ 4uF
A ——AWA { | 3

Q = Qo(1-e"%)
16 uQ =40 uQ (1-¢'*)
t = 2sec

A 2uF capacitor is charged as shown in figure. The percentage of its stored energy dissipated

after the switch S is turned to position 2 is
12

[T JEE-2010]

8uF

(A) 0%
D
When connected to 1

(B) 20%

Energy stored = %x 2x107° x V2 =Vl

When connected to 2

(LR

2uF

(C) 75%

(D) 80%
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contc o cATIoN CAPACITANCE

10.

Ans.
Sol.

11.

+
Il|+

If common potential is V' then from charge conservation (8 + 2) V' = 2V

vi=Y
5
2 2
Total final energy = 1><2><V—+1><8><V_:V_
2 25 2 25 5

2 2
Energy dissipated :V_—‘§/5x100
v
2
= 2V 1100 = 80%
v

In the given circuit, a charge of +80 uC is given to the upper plate of the 4uF capacitor. Then in

the steady state, the charge on the upper plate of the 3uF capacitor is : [II'T JEE-2012]
+80uCi
T 4uF
2uF= —=3uF
=+
(A) +32 uC (B) +40 uC (C) +48 uC (D) +80 uC
C
— C3
®7 ¢ 1c, Q
3 3
= x80==x80
*®7 32 5
=48 uC

In the circuit shown in the figure, there are two parallel plate capacitors each of the capacitance
C. The switch S; is pressed first to fully charge the capacitor C; and then released. The switch
S, is then pressed to charge the capacitor C,. After some time, S, is released and then Ss is
pressed, After some time, [T JEE-2013]
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CAPACITANCE

2V, =

(A) the charge on the upper plate of C; is 2CV,
(B) the charge on the upper plate of C; is CVy
(C) the charge on the upper plate of C; is 0.

(D) the charge on the upper plate of C, is —CV,

Ans. BD

Sol.

12.

When switch S; is released charge on C; is 2CV, (on upper plate )

When switch S; is released charge on C; is CV, (on upper plate) and charge on C, is CVy (on

upper plate)

When switch Ss is released charge on C; is CV, (on upper plate) and charge on C; is -CV, (on

upper plate)

A parallel plate capacitor has a dielectric slab of dielectric constant K between its plates that
covers 1/3 of the area of its plates, as shown in the figure. The total capacitance of the capacitor
is C while that of the portion with dielectric in between is C;. When the capacitor is charged,
the plate area covered by the dielectric gets charge Qi and the rest of the area gets charge Q.
The electric field in the dielectric is E; and that in the other portion is E;. Choose the correct

option/options, igonoring edge effects.

Ans. AD
Sol.

c, = K& ®3) it dielectric)
d

€, (2A/

&letC, = 3 (without dielectric)

[11T JEE- 2014]
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contc o cATIoN CAPACITANCE

As potential difference is same and gap is same.
Ej_ = Eg
B
EZ
Q1=CV,Q:=CV
Q_C K

QZ CZ 2
13. A parallel plate capacitor having plates of area S and plate separation d, has capacitance Ci in air.
When two dielectrics of different relative permittivities (e; = 2 and ¢, = 4) are introduced between the

two plates as shown in the figure, the capacitance becomes Cz. The ratio% is [NT JEE-2015]
1

dr2

0 o
; d
(A) 6/5 (B) 5/3 ©) 7/5 (D) 7/3
Ans. D
5S¢,
Sol. =C,
d
in new setup we have 3 different setups
5/2,9,61 5/2,9,62 5/2,d,¢,
2 2
> [SAS > [SHS > [SHS
A T1%0 250 10
=2 -2C, "-2Z____4c, cr=2__-c,
d/2 d/2 d
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T CAPACITANCE

14.

Ans.
Sol.

.G
T,

In the circuit shown below, the key is pressed at time t = 0. Which of the following statement(s)
is (are) true? [T JEE-2016]

4OHF\/ 25 kQ

¢

B S0kQ /\ 20uF

N L)
Key 5V
(A) The voltmeter displays -5 V as soon as the key is pressed, and displays +5 V after a long time
(B) The voltmeter will display 0 V at time t = In 2 seconds
(C) The current in the ammeter becomes 1/e of the initial value after 1 second
(D) The current in the ammeter becomes zero after a long time
ABCD
(A) Att =0, capacitor acts as short-circuit

+

)

At t — oo, capacitor acts as open circuit & no current flows through voltmeter.
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15.

Ans.
Sol.

qx — 2CV(1_e—U2CR) X = %e—tIZCR
- Vv
= CV l_e t/2CR — _eft/ZCR
Qy ( ) y R
AV = —y2R +
2C
= V[1-2¢"'*R1=0
(C)t=1sec

So by i =ice™ current att = 1 sec is = igle
(D) After long time no current flows since both capacitor & voltmeter does not allow.

Paragraph for Question Nos. 15 to 16
Consider an evacuated cylindrical chamber of height h having rigid conducting plates at the
ends and an insulating curved surface as shown in the figure. A number of spherical balls made
of a light weight and soft material and coated with a conducting material are placed on the
bottom plate. The balls have a radius r << h. Now a high voltage source (HV) is connected
across the conducting plates such that the bottom plate is at +V, and the top plate at —V,. Due
to their conducting surface, the balls will get charged, will become equipotential with the plate
and are repelled by it. The balls will eventually collide with the top plate, where the coefficient
of restitution can be taken to be zero due to the soft nature of the material of the balls. The
electric field in the chamber can be considered to be that of a parallel plate capacitor. Assume
that there are no collisions between the balls and the interaction between them is negligible.
(Ignore gravity) [T JEE-2016]

Which one of the following statements is correct?

(A) The balls will stick to the top plate and remain there

(B) The balls will bounce back to the bottom plate carrying the same charge they went up with
(C) The balls will bounce back to the bottom plate carrying the opposite charge they went up with
(D) The balls will execute simple harmonic motion between the two plates

C

As the ball collides with upper plate, all its positive charge is neutralized with the negative
plate, and to become at same potential as the upper plate, it acquires negative charge from the
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Ans.

Sol.

plate, magnitude of which is same as the previous +ve charge it carried, as the magnitude of
potential is same in both cases. Then plates will bounce back due to electrostatic repulsion.

The average current in the steady state registered by the ammeter in the circuit will be

(A) zero (B) proportional to the potential Vq
(C) proportional to V> (D) proportional to V;
D

just beforezgollision 24 just after collision

~VoE— 5

2
“h
ya *q *

kq V,r
A

i(ﬁjtz =h
2\m

IV 2V oy
2 K hm
LR il

t2

Voo
(- oK
VoV or
During every collision 2q charge will flow form circuit.
_2q 2V2 er

Average current l,,q = —
J e t h mk\/E

2
| avg oV,

Paragraph for Q.No. 17 to 18
Consider a simple RC circuit as shown in figure 1.
Process : In the circuit the switch S is closed at t = 0 and the capacitor is fully charged to
voltage Vj (i.e., charging continues for time T >> RC). In the process some dissipation (Ep)
occurs across the resistance R. The amount of energy finally stored in the fully charged
capacitor is Ec.

. . V L .
Process 2: In a different process the voltage is first set to ?0 and maintained for a charging

time
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T >> RC. Then the voltage is raised to 2—;/0 without discharging the capacitor and again

maintained for a time T >> RC. The process is repeated one more time by raising the voltage to
Vo and the capacitor is charged to the same final voltage Vy as in Process 1.

These two processes are depicted in figure-2. [NT JEE-2017]
Va
S
c\ /\/\/\' Processl - -
R Vo
\Y, C—= 2V/3 T —>—
V0/3 Process2p T>>RC
Figure 1 | |
T 2T t
Figure 2

17. In Process 1, the energy stored in the capacitor Ec and heat dissipated across resistance Ep are

related by:

(A)Ec=Ep (B)Ec=EpIn2 (C)Ec=Ep (D) Ec = 2Ep
Ans. A

So——ﬂMg{Mi

v —_—C
Sol.

When switch is closed for a very long time capacitor will get fully charged & charge on

capacitor will be g = CV

Energy stored in capacitor .= %CV2 (1)

Work done by battery (o) = Vq = VCV = CV?

dissipated across resistance ep = (work done by battery) — (energy store)

eD=CV2—%CV2 =%CV2 ..(ii)

from (i) & (ii)

€p —€C
18. In Process 2, total energy dissipated across the resistance Ep is:

1 1(1

(A) Eg =%CVO2 (B) E; =3(ECVOZJ ©) E, =§(ECV§j (D) E, =3CV/

Ans. C

Sol.  For process (1)

Charge on capacitor = C;/O
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energy stored in capacitor = iCV—02 = C—V°2
2 9 18
cV, V_CV
3 9
CVZ CVZ CVf
18 18

work done by battery =

Heat loss =

For process (2)

Charge on capacitor = ZZVO

Extra charge flow through battery = C;/O

CV, 2V, 2CV¢

Work done by battery : 3 3
2 2
Final energy store in capacitor : iC 2V, = ACVq
2 3 18
: _ACVZ CVZ 3V}
energy store in process 2 : - =
18 18 18

Heat loss in process (2) = work done by battery in process (2) — energy store in capacitor

process (2)

_2CV¢ 3CV¢  CV?
-9 18 18
For process (3)

Charge on capacitor = CVq

extra charge flow through battery : CV, — 2(;\/0 = %
2
work done by battery in this process : (C;/O j(vo) = %

find energy store in capacitor : %CVO2

ACV? BCV?

energy stored in this process : %CVO2 -

18 18
2 2 2
heat loss in process (3) : CVo 5CVy _CV,
18 18
2 2 2 2
Now total heat loss (Ep) : CVs + CVg + CVo _ Vo
8 18 18 6

final energy store in capacitor : %CVO2

so we can say that Ep= %(% CV; j
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Ans.
Sol.

Three identical capacitors C;1,C, and C; have a capacitance of 1.0 uF each and they are
uncharged initially. They are connected in a circuit as shown in the figure and C; is then filled
completely with a dielectric material of relative permittivity e, The cell electromotive force
(emf) vo=8V. First the switch S; is closed while the switch S; is kept open. When the capacitor
Cs is fully charged, S; is opened and S; is closed simultaneously. When all the capacitors reach

equilibrium, the charge on Cs is found to be 5 uC. The value of €, =

1.50

Cy

€y

>
] )—E—P‘—

[JEE-Advanced- 2018]

Qo =C3Vp=C(8) =8 x 1uC

by using KVL, we can write

given

qo_ql:i+i
C, eC, G,
qo_q1=i+&
c TERE
Qo—01= % + gy (D)
Qo—0J1=5
8-q1=5
g1 =3
8—3=i+3
SI’

2=3

Sr
sr:§=1.50

2
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