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CAPACITANCE

M

INTRODUCTION

A capacitor can store energy in the form of potential energy in an electric field. In this chapter we'll
discuss the capacity of conductors to hold charge and energy.

.

CONCEPT OF CAPACITANCE

When a conductor is charged then its potential rises. The increase in potential is directly proportional to
the charge given to the conductor. QuxV=Q=CV

The constant C is known as the capacitance of the conductor.
2 22
Capacitance is a scalar quantity with dimension C = g = Q_ = A—T =M LT A
Unit :- farad, coulomb/volt
1uF=10°%F, 1InF =10°F or1pF=10"F

The capacitance of a conductor is independent of the charge given or its potential raised. Itis also independent
of nature of material and thickness of the conductor. Theoretically infinite amount of charge can be given to
a conductor. But practically the electric field becomes so large that it causes ionisation of medium surrounding
it. The charge on conductor leaks reducing its potential.

THE CAPACITANCE OF A SPHERICAL CONDUCTOR

When a charge Q is given to a isolated spherical conductor then its potential rises.

1
V= 9:>C=g=4naoR
\%

47'[80 R

If conductor is placed in a medium then
C =4neR = 4ng g R

medium

Capacitance depends upon :

(a) Size and Shape of Conductor
(b) Surrounding medium

(c) Presence of other conductors nearby
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SOLVED EXAMPLE
Example 1. Find out the capacitance of the earth ? (Radius of the earth = 6400 km)

6400 x10°

9x10° K

Solution: C=4neR=

M

POTENTIAL ENERGY OR SELF ENERGY OF AN ISOLATED CONDUCTOR

Work done in charging the conductor to the charge on it against its own electric field or total energy
stored in electric field of conductor is called self energy or self potential energy of conductor.

Electric potential energy (Self Energy) :

Work done in charging the conductor

q
q 2
- |=dg - 9
W !C 2C
2
—u= 3 e Y
W—U-2C 2CV 5

g = Charge on the conductor
V = Potential of the conductor
C = Capacitance of the conductor.

Self energy is stored in the electric field of the conductor with energy density (Energy per unit

volume)
au_1 E?[Th density i di s E?
v =3 So [The energy density in a medium is 5 S0 ]

where E is the electric field at that point.

In case of charged conductor energy stored is only out side the conductor but in case of charged
insulating material it is outside as well as inside the insulator.

CONDENSER/CAPACITOR

The pair of conductor of opposite charges on which sufficient quantity of charge may be accommodated is
defined as condenser.

. Principle of a Condenser
Itis based on the fact that capacitance can be increased by reducing potential keeping the charge constant.

Consider a conducting plate M which is given a charge Q such that its potential rises to V then

<o

+4++++++
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Let us place another identical conducting plate N parallel to it such that charge is

induced on plate N (as shown in figure). If V_is the potential at M due to induced
negative charge on N and V_ is the potential at M due to induced positive charge
on N, then

4+ttt

Q Q

Cl=—=——~
V' V4V, -V

Since V' <V (as the induced negative charge lies closer to the plate M in

N
comparison to induced positive charge). = C'> C Further, if N is earthed H :
from the outer side (see figure) then V" =V_—V_ (- the entire positive H —
charge flows to the earth) H _

+ —
. Q_ Q. .
yr yoy —2C>>C

If an identical earthed conductor is placed in the vicinity of a charged conductor then the capacitance of the
charged conductor increases appreciable. This is the principle of a parallel plate capacitor.

. Parallel Plate Capacitor
() Capacitance /’Edge effect
. . M —>~N
It consists of two metallic plates M and N each of area A at e
+ —|
separation d. Plate M is positively charged and plate N is P
earthed. If ¢ is the dielectric constant of the material medium G
and E is the field at a point P that exists between the two e 1
plates, then Y F
. c o o O
I step : Finding electric field E=E+E =—+_—=—= [e=¢,¢]
2¢ 28 & &€& '
- e c qd \Y% q
Il step : Finding potential difference V=Ed= ——d = (cE=—ando=—
£0E, Agjg, d A
. Eindi : q _ &8A
lll step : Finding capacitance C=—=-"L
v d

(ii) Force between the plates

The two plates of capacitor attract each other because they are oppositely charged.

Electric field due to positive plate E = = = Q
280 280A
2

Force on negative charge -QisF=-QE = - 2e0n
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| S
Magnitude of force F = = — g AE
280A 2
. . . F 1 2
Force per unit area or energy density or electrostatic pressure = X =u=p= 5 € E
Note: /Edge effect
Electric field between the plates of a capacitor is shown Mi‘/-»\—' N N
- . .
in figure. Non-uniformity of electric field at the boundaries T—— £ = uniform in the centre
of the plates is negligible if the distance between the e E = non-uniform at the edges
plates is very small as compared to the length of the +
lates i\’/: j_
P - . +~——l =
. Spherical Capacitor

Outer sphere is earthed

When a charge Q is given to inner sphere it is uniformly

distributed on its surface A charge —Q is induced on inner e‘

surface of outer sphere. The charge +Q induced on outer surface of

outer sphere flows to earth as it is grounded. e
E=0for r<R, and E=0for r>R, -

— R, —-R;
Potential of inner sphere V, = Q + Q = Q [ R.R j
47580R1 4TCSOR2 4mneg 172
As outer surface is earthed so potential V, =0
. Q [Ry-Ry)
Potential difference between plates V=V, -V, = Amey  RR,
o Q_, Rk
oC= V- TE, R, —R, (in air or vacuum)
. Cylindrical Capacitor

When a charge Q is given to inner cylinder it is uniformly distributed on its surface. A charge —Q is induced
on inner surface of outer cylinder. The charge +Q induced on outer surface of outer cylinder flows to earth as
itis grounded

Iy Q/¢
Electrical field between cylinders E = =
2megr 2megr QED‘” <
. +R2 L
R A = e o
2
R +iRE
Potential difference between plates V = J.Ldr = Q /n| =2 . i
R 2megrl 2menl R, R 1 |
1 . + .
+ + |
o =
_ Q 2megl (
Capacitance C= — =

v log.(Ry/Ry)
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SOLVED EXAMPLE

Example 2.

The stratosphere acts as a conducting layer for the earth. If the stratosphere extends beyond 50 km

from the surface of earth, then calculate the capacitance of the spherical capacitor formed between
stratosphere and earth's surface. Take radius of earth as 6400 km.

Solution :

The capacitance of a spherical capacitoris C = 4TE80(

ab j
b-a

b = radius of the top of stratosphere layer = 6400 km + 50 km = 6450 km = 6.45 x 10°m

a = radius of earth = 6400 km = 6.4 x 10° m

1

6.45x10° x6.4x10°

C= X
9x10° 6.45x10°—-6.4x10°

=0.092F

SHARING OF CHARGES ON JOINING TWO CONDUCTORS (BY A
CONDUCTING WIRE) :

Q Q, Q, Q,
DO D=0
C1 C2 C1 Cz

Initially

Finally

(i) Whenever there is potential difference, there will be movement of charge.

(ii) If released, charge always have tendency to move from high potential energy to low potential

energy .

(iii) If released, positive charge moves from high potential to low potential [if only electric force act

on charge].

(iv) If released, negative charge moves from low potential to high potential [if only electric force act

on charge].

(v) The movement of charge will continue till there is potential difference between the conductors (finally
potential difference = 0).

(vi) Formulae related with redistribution of charges :

Before connecting the conductors

Parameter I°** Conductor 11" Conductor

Capacitance C, C,
Charge Q, Q,
Potential V, Vv,
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After connecting the conductors
Parameter Ist Conductor lin¢ Conductor
Capacitance C, C,

Charge Q; Q,
Potential V V
Q Q Q; C,
vV = === = P
C1 CZ Q2 C2

Bu, Q;+Q,=Q,+Q,

_ Q1+Q2 _ C1V1+C2V2
- Cy+C, T Cy+Cy
Cq
'= Q,+Q
! (:1+<:2(1 d
C,

and Q=

Heat loss during redistribution :

1S
AH=5 ¢ ic, Vi=Va)

The loss of energy is in the form of Joule heating in the wire.

Note : Always putQ,, Q,, V, and V, with sign.

SOLVED EXAMPLE

Example 3.

A and B are two isolated conductors (that means they are placed at a large distance from each

other). When they are joined by a conducting wire:

6uC 3uC
3uF 6uF

(i) Find out final chargeson Aand B ?

(ii) Find out heat produced during the process of flow of charges.

(iii) Find out common potential after joining the conductors by conducting wires?
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Solution :

Example 4.

Solution :

Example 5.

Solution :

. 3

()Q, = 5,5 (6+3)=3uC
Q.= 0 6 +3)=6uC
B_3+6( )_ u

1 3uF.6uF 1?1 3 9
" - 2__ - _ = ==
(ii) AH 2 (3uF + 6uF) - ( 2) 5 (2uF) . 5 7 pd

_ 3uC+6pC

(iii) V= 34F + 6uF = 1volt.
A capacitor of capacitance C which is initially uncharged is connected with a battery. Find out heat

dissipated in the circuit during the process of charging.

Final status p*¢ =€ s
€ 0

11
€ I F AO

C %

Let potential at point Ais 0, so at B also 0 and at C and D it is ¢. finally, charge on the capacitor
Q,=¢C
u=0

1 1
Uf=5 CV2=EC82

work done by battery = '[ Pdt

w =I8idt =g.[idt =g.Q =¢e.eC=¢2C

(Now onwards remember that w.d. by battery = £¢Q if Q has flown out of the cell from high potential
and w.d. on battery is €Q if Q has flown into the cell through high potential)

1 2
Heat produced =W — (U, - U,) = &?C - 5 eC= C% :

A capacitor of capacitance C which is initially charged upto a potential difference ¢ is connected with
a battery of emf ¢ such that the positive terminal of battery is connected with positive plate of capacitor.
Find out heat loss in the circuit during the process of charging.

+cC —C
sD = BO
c 1
D—— ——B
sC-¢C e | | 0
c % A

Since the initial and final charge on the capacitor is same before and after connection.

Here no charge will flow in the circuit so heat loss = 0
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Example 6. A capacitor of capacitance C which is initially charged upto a potential difference ¢ is connected with
a battery of emf ¢/2 such that the positive terminal of battery is connected with positive plate of
capacitor. After a long time

(i) Find out total charge flow through the battery
(ii) Find out total work done by battery
(iii) Find out heat dissipated in the circuit during the process of charging.

€

Solution : (i) Let potential of AisOso at B itis 5" So final charge on capacitor = Ce/2
B 4 —A
Charge flow through the capacitor = (Ce/2 — Cg) = —Ce/2 C —g.C
So charge is entering into battery. &l2
|—
(ii) finally, —
Change in energy of capacitor=U, _-U, .
A +I I_B 0
2
=%C(§) _£%C eC/2y %;|_%C
2 g2 ez 0
1 1 3¢%C
= —2C - — £2C =—
8¢ C 5 € C 3
_ & _ﬁ] _ ¢2C
Work done by battery = 5 x [ > 1

(iii) Work done by battery = Change in energy of capacitor + Heat produced

3¢2C  £2C £2C

Heat produced =

8 4 8

DISTRIBUTION OF CHARGES ON CONNECTING TWO CHARGED CAPACITORS:

When two capacitors are C, and C,are connected as shown in figure

+Q1”Q1 +Q', -Q
11
11 11
A C, B A C, B
+Q2 |-| Qz +Q'2 |_| Q‘z
c ¢, D c ¢ D
Initially Finally

Before connecting the capacitors

Parameter I°* Capacitor 11" Capacitor
Capacitance C, C,
Charge Q, Q,

Potential V, Vv,




JEE (Adv.)-Physics Capacitance

After connecting the capacitors
Parameter Ist Capacitor li® Capacitor
Capacitance C, C,
Charge Q’, Q,
Potential \Y \Y
(@) Common potential :

By charge conservation of plates A and C before and after connection.

Q,+Q,=CV+C\V

Q+Q, C\V,+C,V, Total charge
= - C+C, © Cy+C, 7 Total capacitance
" C —_ C1 (- —_ C2
(b) Q,'=CV c.C, Q,+Q) = Q,=C,V= C,+C, (Q,+Q,)
(c) Heat loss during redistribution :
AH=U -U= 2 =2 (v _yy
T T YT 2 C1 + C2 ( 17 2)

The loss of energy is in the form of Joule heating in the wire.

Note : (i) When plates of similar charges are connected with each other (+ with + and — with =) then put all
values (Q,, Q,, V,, V,) with positive sign.

(ii) When plates of opposite polarity are connected with each other (+ with —) then take charge and
potential of one of the plate to be negative.

DERIVATION OF ABOVE FORMULAE :

+V1
| =
A || B
C,
cV
A *C- B
+Y|2_ Ve ¢0
c || D c,
C, —e——{I—eo—
¢ ¢cv D

Let potential of B and D is zero and common potential on capacitors is V, then at A and C it will be V

CV+CV=CV,+CV,
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_ GiVi+GCoV, _layes daye ] .
=7 C+C, = H—EC1V1 +EC2V2 —E(C1+C2)V

1 (C4Vi+CoV, )
2 (Cy+C3)

1 1
SCV2+ 5 GV, -

1 | C3V2 +C,C, V2 +C,C V2 + C3VZ —C2V2 —C3VZ -2C,C,V,V,
) C,+C,

1 _CC,

H=57c+c, VimVof

when oppositely charge terminals are connected then ————%—
Cv+CV=CV,-CyV, Ve ®0

_ C1V1—02V2 — 2+
- Cy4+GC,

1 C.Cy

and H= 2 C,+C, (V,+V, )

SOLVED EXAMPLE

Example 7. Find out the following if Ais connected with C and B is connected with D.

2uF 3uF
A +| I_ B c +| I' D
20V 10V

(i) How much charge flows in the circuit.

(ii) How much heat is produced in the circuit.

A | | B
Solution : (i) + 1=
Q, =2V
Ve ¢0
+]| | =
C D
Q, =3V

Let potential of B and D is zero and common potential on capacitors is V, then at A and C it will be V.
By charge conservation,

3V+2V=40+30

5v=170
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V=14 volt

A +- B
Charge flow 28p.CI '_28”0
=40-28 \ 4 +12p.C “+12P-C
= + =
12uC —o—|C I—o—D
Now final charges on each plate is shown in the figure 42uC —42,C
. 1 1 1
(ii) Heat produced = 5 x 2 % (20)2 + 5 x 3 x(10)? —5 x 5% (14)?
=400 + 150 — 490
=550 -490
=60 ud
Note: (i) When capacitor plates are joined then the charge remains conserved.
(ii) We can also use direct formula of redistribution as given above.
Example 8. Repeat above question if Ais connected with D and B is connected with C.
Q, =2V
_'.A\_| |_.B_
Ve ®0
D q,=3v C
Solution : Let potential of B and C is zero and common potential on capacitors is V, then at A and D it will be V
2V+3V=10
= V =2 volt ,4HCH—4HC,
Now charge on each plate is shown in the figure A B
36uC 36uC
1
Heat produced = 400 + 150 — EX5><4 E) . ('3
6uC' —6uC
=550-10
=540 pd

Note : Here heat produced is more. Think why?

Example 9. Three capacitors as shown of capacitance 1uF, 2uF and 2uF are charged upto potential difference
30V, 10V and 15 V respectively. If terminal A is connected with D, C is connected with E and F is
connected with B. Then find out charge flow in the circuit and find the final charges on capacitors.
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Solution : Let charge flow is q.
30-qg-30 _,_
Now applying kirchhoff's voltage low ot I?_ . (_1 3’? I:iotq
A 1uF B F 2uF E
_(9-20) (30+q) . 30—-q -0 o
2 2 1 2uF
C
—2q=-25 - | ——
D _20+q20—q
q=125uC

+17.50C —17.54C
| |=
1T

= |+
11
—42.5uC +42.5uC

12.5uC

Final charges on plates
_7.5H_C| I17.5HC

Example 10. Inthe given circuit find out the charge on each capacitor. (Initially they are uncharged)

10V : E 30V
14F 2uF PR X R
T I v
——ouF | R th .
L T 30V 1 = 30V
T 1oV —|_25v T — 10V G¢-25V
_— 25V
A B c
0

Let potential at Ais 0, soat D itis 30V, at F itis 10 V and at point G potential is =25V and let
potential at E is x. Now apply kirchhoff’s It law at point E. ( total charge of all the plates connected

to 'E' must be same as before i.e. 0)
(x=10)+ (x—=30)2+(x+25)2=0

5x =20
x=4V 10 <+ - 4 - 30
Final charges : 6uC L;‘&‘g___szucl 52uC
Q,,. = (30-4)2=52uC g —58uCY25 —
Q. =(10-4)=6yC T
0 0 0

Q, = (4~ (~25))2 =58 uC
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CIRCUIT SOLUTION FOR R-C CIRCUIT AT t = O (INITIAL STATE)
AND AT t = o (FINAL STATE)
Note: (i) Charge on the capacitor does not change instantaneously or suddenly if there is a resistance in the
path (series) of the capacitor.
(ii) When an uncharged capacitor is connected with battery then its charge is zero initially hence potential
difference across it is zero initially. At this time the capacitor can be treated as a conducting wire
R R
f WWW WWW
I3 _‘, =—C o
Before connection Just after connection att =0
(iii) The current will become zero finally (that means in steady state) in the branch which contains
capacitor.
vw%w & vw%vv &
i=0
1+
€ =—C s = —_
T o o
Before connection After connection at t = «
SOLVED EXAMPLE
Example 11. Find out currentin the circuit and charge on capacitor V \szf/)v»
which is initially uncharged in the following situations.
10V =3F
(a) Just after the switch is closed. T
(b) After a long time when switch was closed.
Solution : (a) For just after closing the switch:

potential difference across capacitor =0

(b) After a long time

at steady state currenti =0

and potential difference across capacitor =10V
5 Q,=3%x10=30C

*Tﬁ N 10
i=0

11+

o
o
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Example 12.

Solution :

) dQ
1,, charge on capacitorand — - of

Find outcurrent I, I at

1772

capacitor in the circuit which is initially uncharged in the

following situations.

(a) Just after the switch is closed
(b) After a long time when switch is closed.

(a) Initially the capacitor is uncharged so its behaviour is like a conductor
Let potential at Ais zero so at B and C also zero and at F it is €. Let

potential at E is x so at D also x. Apply Kirchhoff’s Ist law at point E :

x—g+x—0+x—0_0 3x _ &
R R R = R R
_E g =0
x=7 Q=
[ = 8f3+e 28 L
"R 3R = 2~ gt 3R 57 3R
Alternatively
_ s E 2 _ b L dQ e
"R T RyR 73R = LTI TR A g TR R
(b) at t = o (finally)
capacitor completely charged so their will be no current throughit.  F R E®2D
WMWY 7256/
€ eE— R
12=0, I1=13=§ % 4%
.
Vo=V, =V, -V, = (e/2R)R = /2 A B C
eC dQ
Q= 5, 5 =L=0
. I4 I I3 Q dQ /dt
Time )
t=0 L £ £ 0 £
3R 3R 3R 3R
Finally e = eC
= 0 — 0
t=o 2R R 2
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Example 13. Att = 0 switch S, is closed and remains closed for a long time and S, remains open. Now S, is
opened and S, is closed. Find out

T o T : L

(i) The current through the capacitorimmediately after that moment

(ii) Charge on the capacitor long after that moment.

(iii) Total charge flown through the cell of emf 2¢ after S, is closed.
Solution : (i) Let Potential at point Ais zero. Then at point B and C it will be €

(because current through the circuit is zero). C

V,=V,=(e-0) oG
€

. Charge on capacitor = C(¢ —0) = Ce —‘7 TSC T 2e
Now S, is closed and S, is open. (p.d. across capacitor ) oA .
and charge on it will not change suddenly)
Potential at Ais zero so at D it is — 2e.
i=0 & 2
1™
I
0 0A
—(-2 3
.. current through the capacitor = % = Eg (BtoD)
C ~2¢ —2¢
D
(ii) afteralong time, i=0 l B 2:C
& e -~ 2
V-V, =V, -V, =-2¢ T +2:C
Q=C(-2¢-0)=-2¢C 0 0 0

(iii) The charge on the lower plate (which is connected to the battery)
changes from —C to 2¢C.
this charge will come form the battery,

charge flown from that cell is 3¢C downward.
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L]
COMBINATION OF CAPACITORS : 0 o0 q
Series Combination : e
(i) When initially uncharged capacitors are connected as shown then DAL AR

the combination is called series combination.

(ii) All capacitors will have same charge but different potential difference across them.
(iii) We can say that

Q

V1=C—1

V, = potential across C,
Q = charge on positive plate of C,
C, = capacitance of capacitor similarly

Q Q
Vo= — ,V,= —; ........
2 2!3 C31
VI I B
(iv)V,:V,: s¥C, C,  C,

We can say that potential difference across capacitor is inversely proportional to its capacitance in
series combination.

VOCE

Note : In series combination the smallest capacitor gets maximum potential.

C
v 1
\) Vi=———— Y,
+—+—4+......
Ci C, G
1
C,
Ve 1 1 1 v
+—+—+......
Ci C, Ci
1
_ Cs
V3‘1 1 1 v
—_—t—+—+......
Ci C, Gy

Where V=V, +V, +V,
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(vi) Equivalent Capacitance :

Capacitance

Equivalent capacitance of any combination is that capacitance which when connected
in place of the combination, stores same charge and energy that of the combination.

In series :

Note : In series combination equivalent capacitance is always less the smallest capacitor of combination.

(vii) Energy stored in the combination

@ o @
Usombinatn = 20 * 20, *
combination 201 202 203

Q2

combination 2Ceq

Energy supplied by the battery in charging the combination

U QxV=Q < Q"
= X - . - =
battery Ceq Ceq
Ucombination _ l
Ubattery - 2

Note : Half of the energy supplied by the battery is stored in form of electrostatic energy and half of the energy
is converted into heat through resistance. (if capacitors are initially uncharged)

L]

Derivation of Formulae :

meaning of equivalent capacitor

a

— 0
W

e

w
>
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Now,
C, C,
Initially, the capacitor has no charge. A<>—+Q| |—+Q| |ﬁ|Q|_aB
Applying kirchhoff’s voltage law C1 C2 C.
2 | |
— — —_ A |
Q,=Q, 9, V=0 a ly
C, C, C,
V = Q i.}.i_}_i
Ci G Gy
A R U A U SO B
Q G C G Ceqq Ci G 3
1 51
ingeneral ~ = 2, ~
J Ceq n=1 c

SOoLVED EXAMPLE
Example 14.

Solution :

Example 15.

Three initially uncharged capacitors are connected in series as shown in circuit with a battery of emf
30V. Find out following:-

(i) charge flow through the battery, | |

) potential energy in 3 uF capacitor.

(ii
(iii) U, in capacitors
(

|\
I
iv) heat produced in the circuit ! 30v

1_1+1+1_3+2+‘I_
Cq 2 3 6 6
C_=1uF

(i) Q=C,,V=30uC.
(ii) charge on 3uF capacitor = 30uC

Q? _ 30x30
energy = 2 = Tox3 150uJ
3030
(i) Ugy= "y W =450

(iv) Heat produced = (30 uC) (30) —450 uJ =450 pd.

Two capacitors of capacitance 1 uF and 2uF are charged to potential difference 20V and 15V as
shown in figure. If now terminal B and C are connected together terminal A with positive of battery and
D with negative terminal of battery then find out final charges on both the capacitor

1uF 2uF

A b—s b

20V 15V
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Solution: Now applying kirchoff voltage law
-(20+q) 30+q B A B C D
1 2 +30=0 20+9* Hpq 30+qt ~30-q
-40-29-30-q=-60
_ . ||
=10 T oy

Charge flow =—-10/3 nC.

50
Charge on capacitor of capacitance 1uF =20+ q = 3 uC

80
Charge on capacitor of capacitance 2uF =30+ q= — uC

3
L]
Parallel Combination : Q
C \
(i) When one plate of each capacitors (more than one) is connected LQ
together and the other plate of each capacitor is connected o
together, such combination is called parallel combination. +&
C,
(i) All capacitors have same potential difference but different charges. | IV
II

(iii) We can say that :
Q,=CV
Q, = Charge on capacitor C,
C, = Capacitance of capacitor C,
V = Potential across capacitor C,
(iv) Q,:Q,:Q,=C,:C,:C,
The charge on the capacitor is proportional to its capacitance
QxC
Q=—S @ = Qq=—S2 _q
Ci+C, +C4 Ci+Cy, +C4
Q=— S5 _q
Ci+C, +C4

Where Q=Q, +Q, +Q, ......

Note : Maximum charge will flow through the capacitor of largest value.

(vi) Equivalent capacitance of parallel combination
C=C,+C,+C,
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Note : Equivalent capacitance is always greater than the largest capacitor of combination.

(vii) Energy stored in the combination :

1 1 1
combination= E C1V2 * ECZVZ t = (C1 + CZ + C3 """ ) vz = E Cequ

N =

u =QV =CV?

battery

Ucombination 1

U battery 2

Note : Half of the energy supplied by the battery is stored in form of electrostatic energy and half of the energy
is converted into heat through resistance. (if all capacitors are initially uncharged)

Formulae Derivation for parallel combination : C
—a1
Q=Q,+Q,+Q, v ' c,
=CV+CV+CV cmmonl 0
=V(C,+C,+C) —>§| —
Q \%
V=C1+Cz+Ca Ve 3 —0
C,=C,+C,+C,
In general Ceq = ch
n=1

SOLVED EXAMPLE

Example 16. Three initially uncharged capacitors are connected to a battery of 10 V is parallel combination find

out following
1|p|LF
(i) charge flow from the battery 2:;:1F
(ii) total energy stored in the capacitors :,;LF
1]
(iii) heat produced in the circuit Y
(iv) potential energy in the 3uF capacitor. It
10V
Solution : (i) Q=(30+20+10)uC =60 uC

1
(i) Ugy=7 x6x10%10=300 )

total

(iii) heat produced =60 x 10 — 300 = 300 pJ

3uF

1
V) Uy=5 x3x10x10=150 uJ
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Mixed Combination :

The combination which contains mixing of series parallel combinations or other complex combinations
fall in mixed category.

SOoLVED EXAMPLE

Example 17. Inthe given circuit find out charge on 6uF and 1uF capacitor.

I1IMF

EMF 6uF

(| I
I
30V

Solution : It can be simplified as
18
C.=—- =2uF

«a 9 3uF BuF
|
charge flow through the cell =30 x 2 uC I
Q=60pnuC

Now charge on 3uF = Charge on 6uF= 60 uC
Potential difference across 3uF = 60/ 3= 20 V
.. Charge on 1uF =20 uC.
L]

CHARGING AND DISCHARGING OF A CAPACITOR
i : R

Charging of a condenser AR

(i) In the following circuit. If key 1 is closed then the condenser gets j
charged. Finite time is taken in the charging process. The quantity ﬁ 2
of charge at any instant of time tis given by q = q [1 — e "] I *

Where q, = maximum final value of charge at t = co. 'E

According to this equations the quantity of charge on the

condenser increases exponentially with increase of time. %
(ii) Ift=RC =t then

o
11

q=0q,[1-ef] =q, {1 —ﬂ

or q=q,(1-0.37)=0.63q,=63% of q,



JEE (Adv.)-Physics

Capacitance

(iii) Time t = RC is known as time constant.

i.e. the time constant is that time during which the charge rises on the condenser plates to 63% of

its maximum value.

(iv) The potential difference across the condenser plates at any instant of time is given by

V=V [1-eR9 volt

v) The potential curve is also similar to that of charge. During charging process an electric current flows
in the circuit for a small interval of time which is known as the transient current. The value of this

current at any instant of time is given by
I=1 [e"R®] ampere
According to this equation the current falls in the circuit exponentially (Fig.).

(vi) If t= RC =t = Time constant

I=1erero= 2 =037
e

=37%of I,

During charging

i.e. time constant is that time during which current in

the circuit falls to 37% of its maximum value.

A

Derivation of formulae for charging of capacitor

R

8t=0 C

l 1

During discharging

it is given that initially capacitor is uncharged. ﬂwj
| ql +
let at any time charge on capacitor is q I _]r _C
Applying kirchoff voltage law
o 9 _ .~ _tC—q

e—iR—- C =0 = iR = c

_eC—q dg _ ¢C-q

'"CR = dt = CR

dg  ¢C-g B

dt © CR = sCq T

qu - =g In(:C—q)+IneC = =
OSC_q_ RC = —n(s —Q) ne —RC
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C _t
eC-q RC

In

eC—-—q=¢C.e?tRC
g =¢C(1—eRC)

RC = time constant of the RC series circuit.

After one time constant

1
q= sC [1—€j

= ¢C (1-0.37)= 0.63 cC.

Current at any time t

. dg _tire[ 1
|—E—8C(e ( chJ

g _
= B tiRC

R

Voltage across capacitor after one time constant V = 0.63 ¢ VA

Q=Cv
V, = g(1 - er)

Voltage across the resistor

= getRC

By energy conservation,

Heat dissipated = work done by battery — AUcapacitor
1
= Ce(g) - (E Ce2-0)

1
= ECSZ

Alternatively :

2
Heat=H = J" Rdt
0

o0
2
€ 2t

= I? e*ﬁ R dt
0

F O et

0.63C -~

0.63¢
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82

R

~2t/RC
e dt

I}
O ——y 8

Note:-

0.63 Ef——A15

>t

In the figure time constant of (2) is more than (1)

SOoLVED EXAMPLE

Example 18 A capacitoris connected to a 36 V battery through a resistance of 20Q. It is found that the potential
difference across the capacitor rises to 12.0 V in 2us. Find the capacitance of the capacitor.

Solution : The charge on the capacitor during chargingis givenby  Q =Q (1 —eF°).
Hence, the potential difference across the capacitoris ~ V=Q/C=Q/C (1 -e ).

Here, att = 2 us, the potential difference is 12V whereas the steady potential difference is

Q,/C =36V. So, = 12V = 36V(1 — e~
or, 1 —etRC = l or e tRC = g
b 3 ; 3
L:/n[§]_0405 RC = t  2ups P
® RrRc l2)77 o = 0405 T 045  TO0OMS
4.936us
o, C=—-——— =025yF
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Example 19  Without using the formula of equivalent. Find out charge on capacitor and current in all the branches
as a function of time.

R
WA
o CcC=—/— C =
Solution : Applying KVL in ABDEA
. q +iR —
e—iR=—= e=iR
2C : R i
D
- L9 a2 | i, b i+q/2+
R 2CR c— C ae
o 2 T-q/z
- 2+e-Qq
2CR g £ g
< O
dg A d
2C-q 2CR
dg  dt
2¢C-q  2CR
Jq dq ot
0(2¢C-q) 2CR
2:C - q = @2RC
2¢C
q = 2¢C (1 — e¥RC)
q,= %: eC (1 _ e—t/ZRC) — i1 = % g 2RC
q,= %: eC (1 _ e—t/ZRC) — i2 - % g t2RC
Alternate solution
by equivalent +iR — R
Time constant of circuit =2C x R =2RC : R | el
maximum charge on capacitor = 2C x ¢ = 2Ce¢ D —
Hence equations of charge and current are as given below q i
g =2eC (1 —e¥2RC) 26—
-q
q, = 3: eC (1 _ e—t/ZRC) — i = & g t2RC
T2 T 2R q E Y9
€ A a 0

q .
q,= 5= ¢C(1-e'R%) = i, = R gt2RC
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Example 20. Initially the capacitor is uncharged find the charge on capacitor as a function of time, if switch is
closed att = 0.

R
MWW W
8_'_ R _—C
Solution : Applying KVL in loop ABCDA
e—iR—-(i—-i)R=0
e—2IR+iR=0 (i)
Applying KVLin loop ABCEFDA A D F
N q
e—iR-i,R- c- 0
2c-eg-iiR-2iR
by eq (i) o MR =R _ 4 —  ¢C—3iRC=2q
2 C !
5% oo T dg_ ¢ dt
€C-29=3 - = 1¢C-2q = J3RC
1,.8-20 __t _ C —2t/3RC
—2"Tec T 3Re = q‘2(1—e )
L]
Method for objective :
In any circuit when there is only one capacitor then
q=Q, (1 —e™V T) ; Q_, = steady state charge on capacitor
1=R,.C
R.iive 1S the resistance between the capacitor when battery is replaced by its internal resistance.
Discharging of a condenser : AR
(i) In the above circuit (in article 10.1) if key 1 is opened c 2
Il .
11 '11

and key 2 is closed then the condenser gets discharged. %
R

(ii) The quantity of charge on the condenser at any instant
of time tis given by q = q, ek
i.e. the charge falls exponentially.

here q, = initial charge of capacitor
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(il

If t = RC = 1 = time constant, then

o

q= o 0.37q,=37% of q

i.e. the time constant is that time during which the charge on condenser plates in discharge process,
falls to 37%

The dimensions of RC are those of time i.e. M°L°T" and the dimensions of R_‘lc are those of frequency
i.e. MOLOT-.

The potential difference across the condenser plates at any instant of time tis given by

V =V, e R Volt.

The transient current at any instant of time is given by I = —I e~“R®) ampere.

i.e. the current in the circuit decreases exponentially but its direction is opposite to that of charging
current. (—ive only means that direction of current is opposite to that at charging current)

Derivation of equation of discharging circuit :

\Y +V -
| « 9
+QC_Q +E -
R >— MM
ANNWW I
Initially At any time t
Applying K.V.L.
il
+9_R=0
C

a9
CR

q t
=t = Jow
Q

q_,t
—In Q- + RC q
qmax
q= Q eft/RC
0.37%mex
i = _ﬂ zge*t/RC = | e—t/RC
dt RC 0




JEE (Adv.)-Physics

Capacitance

SOLVED EXAMPLE

Example 21

Solution :

At t = 0, switch is closed, if initi

charged to a potential difference 2¢ then find out following

(GivenC,=C,=C)
@
(b)
(©

Find out current in the circuit as a function of time.

Also plot the graphs for the relations derived in part (a).

ally C, is uncharged and C, is

Charge on C, and C, as afunction of time. —+4 R

Let g charge flow in time 't' from the battery as shown.

The charge on various plates of the capacitor is as shown in the figure.

Now applying KVL

q . q-2¢C
£— C —-iR - c =0
8—%—6 +2¢—iR=0

2
38=€q+iR =
3¢C —iRC = 2q =
J“_dq _ fi
03:C-29 JoRC
ln[3aC—2qj 2t

3xC )" "RC —
3cC(1-e2f%)=2q =

(charge on C, as function of time)

3¢

_ e—Zt/ RC

dq

t Ans.

Charge on C, as function of time :

qg=2¢C—q

3 3
_ = = —2URC
2eC 5 eC + 5 eCe

eC 3
= — 4+ — —2t/RC
5 5 eCe

- % [1+3e—2t/RC]

o
=
py

2
38—iR=€q
d—qRC—3C 2
at oo
1,(3Ce-2a)_ t

2 3Ce RC

3:C —2q = 36C g-2t/RC

q= ggc (1- e—Zt/RC)

Ans.
4 q'
2eC
£C
ST
Graph for C, t—
q
B6C oo
2
Graph for C, t—
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Example 22. A capacitor of capacitance C is charged by charge q,. Att = 0, it is connected to a battery of emf V
and internal resistance r. Find the charge on the capacitor at time t (positive plate of capacitor
connected with positive plate of battery).

Answer: CV(1-ew) + qew
+ ,
Solution : qﬂ| '
C r
«—] |
«— 1
\%

at times t using KVL

“HFA G iv-o

4 +d_dq

T R RV
= C dt

jod _pa

= J(CV-g)-q JrC

by using integration q=CV(1-e™)+q,e”—q,
= So charge on capacitor = q, + g = CV(1 -¢e*) + q e

L]

COMBINATION OF PARALLEL PLATES

SOoLVED EXAMPLE

Example 23. Find out equivalent capacitance between A and B. (take each plate Area = A and distance between
two conjugative plates is d)

=

Solution : Let numbers on the plates The charges will be as shown in the figure.
. e
A 2—= -
o)
4 0
V12 = V32 = V34

so all the capacitors are in parallel combination.

3A €p

C,,=C,*C,+C, = —
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Example 24. Find out equivalent capacitance between A and B. (take each plate Area=A)

d
A B
O d O
d
0 1
Solution: d i c,
A+
0 2 -B
O d 0 3 O
d + C,
0 4

These are only two capacitors.

2A €p

C.,=C,*C, = —

Example 25. Find out equivalent capacitance between A and B. (take each plate Area=A)

d
A O
d
d B
O
Solution : 1 E
d
A+ O 2 :
d —
3 ¥
d _ -B
4 0 O
The modified circuit is
C C
A | I
N N
C
| |
|
2C 2A ¢
C = =
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Other method : Let charge density as shown ]
c - Q_ 2 x
- /. 2 +X
TV \% Ae X
V=V2_V4=(V2_V3)+(V3_V4) 3 :)éx
4 _
xd 2xd_ 3xd = ‘8
T 5 ¥ € <o
C _ 2AX€O _ 2A€0 _ 2C
«a 3xd 3d 37
Example 26. Find out equivalent capacitance between A and B.
Area A
dI -
+
dI - c
+ +
A T
d
d ¥ _
B
. Ag : -
Solution : Let C= a4 Equivalent circuit : - c o
[ € I
. 1 2 s Ar—i | s
=t — = — C C
Cq C 3C 3C [ . 1
I p 11
_ £ _ 3A GO
eq 5 5d
Alternative Method : Let charge distribustion on plates as shown :
X+ 1 0
C= Q = Y X X
V Vas 2 +X I As,
- X X
Potential of 1 and 4 is same + 3 x A<, o
A Ty =
y 2X 4 — y AGO
= t(x+y) [ Xty
Ag A& 5 —(X+V) Ae, <B
0
y = 2x
2y + X
€0
_ (x+2X)Ag  3A¢g
= - (5xd 5
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Example 27. Five similar condenser plates, each of area A, are placed at equal
distance d apart and are connected to a source of e.m.f. V as
shown in the following diagram. The charge on the plates I
_ 1| 2|34|5 =V
1 and 4 will be-
GO A —2 GO A GO AV —2 GO AV
A) d ’ d B d ’ d
C - GO AV —3 GO AV D GO AV —4 GO AV
©—§ 4 (0) 5~ —
Answer: (B)
Solution : by equivalent circuit diagram Charge on first plate
Q=CVv
_ GO AV 12
- d 32
Charge on fourth plate
34
, , - EO AV
Q =C(-V) Q= —q
5114
As plate 4 is repeated twice, hence charge on 4 willbe Q" =2Q" v
1=
Q= 2 ¢4 AV
T d

Hence the correct answer will be (B).

DIELECTRIC

J The insulators in which microscopic local displacement of charges takes place in presence of
electric field are known as dielectrics.

. Dielectrics are non conductors upto certain value of field depending on its nature. If the field exceeds
this limiting value called dielectric strength they lose their insulating property and begin to conduct.

. Dielectric strength is defined as the maximum value of electric field that a dielectric can tolerate without
breakdown. Unit is volt/metre. Dimensions M'L'T°A™

Polar dielectrics

. In absence of external field the centres of positive and negative charge do not coincide-due to asymmetric
shape of molecules.

. Each molecule has permanent dipole moment.

. The dipole are randomly oriented so average dipole moment per unit volume of polar dielectric in absence
of external field is nearly zero.

. In presence of external field dipoles tends to align in direction of field.

Ex. Water, Alcohol, CO,, HC/, NH,
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Non polar dielectrics

. In absence of external field the centre of positive and negative charge coincides in these atoms or molecules
because they are symmetric.

. The dipole moment is zero in normal state.
. In presence of external field they acquire induced dipole moment.

Ex. Nitrogen, Oxygen, Benzene, Methane
Polarisation

The alignment of dipole moments of permanent or induced dipoles in the direction applied electric field
is called polarisation.

+ Polarisation vector p

This is a vector quantity which describes the extent to which molecules of dielectric become polarized
by an electric field or oriented in direction of field.

P =the dipole moment per unit volume of dielectric = np

where n is number of atoms per unit volume of dielectric and P is dipole moment of an atom or molecule.

. - _9pd [ : .
P=Np=-—""=|7, =07 induced (bound) surface charge density.

Ad
. D - 2 . . . 21,1
Unit of P is C/m Dimensionis L 'T A
mmmmmm———— e J
—+ — MHe® <D + -t
+ . - + P> — +E _E> i_
. E _ 4 ®f ot
+ R _ + > :_ +§ Eb i_
R N _ - L +: - + i_
| P | — Lo — G -0, G, -C

Dielectric slab

+ Bound Charge and Bound Charge density:

Let E,, V,, C, be electric field, potential difference and capacitance in absence of dielectric. Let E, V,
C are electric field, potential difference and capacitance in presence of dielectric respectively.

VO (e} Q

Electric field in absence of dielectric  E, = ~ 3~ g - E0A

Electric field in presence of dielectric E = E, — E, = = =
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Capacitance in absence of dielectric  C, = Vg
0

Q-Q

Capacitance in presence of dielectric C = v b

Itis seen the ratio of electric field between the plates in absence of dielectric and in presence of dielectric is
constant for a material of dielectric. This ratio is called 'Dielectric constant' of that material. It is represented
by ¢, or k.

The dielectric constant or relative permittivity K

From K=~ 0, =Q (1 - =) and ke—° oo~
rom —mﬁ b = (—K)an —G_GbDGb—G(—K

)

CAPACITANCE IN THE PRESENCE OF DIELECTRIC

If capacitor is completely filled with dielectric

cA cA  AKg AKg
\Y cs_d‘ d =~ d
KGO

Here capacitance is increased by a factor K.

AK =)
d

g A
In case of parallel plate capacitor C = %

If capacitor is partially filled with dielectric

I I
E, i
“E| |
E, |
—T

When the dielectric is filed partially between plates, the thickness of dielatric slab is t(t < d).
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(¢
If no slab is introduced between the plates of the capacitor, then a field E  given by E, = —, exists in a space
€

d.

E
Oninserting the slab of thickness t, a field E = —2% exists inside the slab of thickness tand a field E,existsin
€

T

remaining space (d—t). If V is total potential thenV =E (d—t) + E t

. = Dielectric constant

J

<

Il

m

o

|

+
7\
|
N—
I;l
o |47

1]

[s2)

I

I ¢ 4 t g A g A
SV="T|d-t+— =_{d—t+—}:>C=i= 0 = 0 (i)
g g, Agg €, \Y
- d—t| 1- d—t| 1-
81’ 81’
Note: If capacitor is partialy filled by a conducting slab of thickness (t< d). _l—E N
0 H
A i
g, = oo for conductor C = %0 __tofA t[&=© TE=0.]d
1 — ¥ i
d —t(l - J (d-1) E |
0 _I_

Comparison of E (electric field), o (surface charges density), Q (charge ), C (capacitance) and before and after
inserting a dielectric slab between the plates of a parallel plate capacitor.

vV —— ] , V —_ _ +0
o = K,E'
&
Casel Case I
_SA . AsK
=" T d
Q=CVv Q'=CV
o cv ' c cVv
T e Ag E Kg = Ag
_v oV
T d T d
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Here potential difference between the plates,

Ed=V
eV
- d
vV_o
d €0
Equating both
o_o
S4) K €
c'=Ko

Ed=V
eV
T d
vV_ o
d  Ke

In the presence of dielectric, i.e. in case Il capacitance of capacitor is more.

If capacitor is filled with multiple dielectrics

S
o
K P A
K e,
o
o
K2 v
KZEU

1
. Energy density in a dielectric = - << E?

SOoLVED EXAMPLE

-0

Here potential difference between the plates

Find out capacitance between A and B if two dielectric slabs of dielectric constant K, and K, of

thickness d, and d, and each of area A are inserted between the plates of parallel plate capacitor of

Example 28
plate area A as shown in figure.
A
f to
K, d,
K, d,
J) -
B
. cA od od, o(d
Solution : C_T’V_E1d1+E2d2_K1e0+K2e0 _eo(k1
A €p 1 d1 d2

—_— == +
ﬁ_}_dﬁz C AK1 € AK2 €p
Ki K

S
sz
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This formula suggests that the system between A and B can be considered as series combination of
two capacitors.

Example 29. Find out capacitance between Aand B if two dielectric slabs of dielectric constant K, and K, of area
A, and A, and each of thickness d are inserted between the plates of parallel plate capacitor of plate
area A as shown in figure. (A, + A, =A)

Solution : K, / K, d = c,
O B
B
AKi g AK; &
C1 d ’ Cz d O G2
—Gup O
— X — 51 — X _ 02 RASIT +Oa
E1 - d B K1 S4) ’ E2 - d - K2 S4) —G; —0,
A
_KieV _KeV T
c,= q c,= r
C=— —_—C,
C _ Q1+Q2 _ G1A1+62A2 _ K1 S4) A1LK2€0A2
v v T d d l
The combination is equivalentto: C=C, +C, B

Example 30. Find out capacitance between A and B if three dielectric slabs of dielectric constant K, of areaA, and
thickness d, K, of area A, and thickness d, and K, of area A, and thickness d, are inserted between
the plates of parallel plate capacitor of plate area A as shown in figure. (Given distance between the
two platesd =d,+d,)
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Solution :

Example 31.

Solution :

Itis equivalent to

GGy 1,
C=C*¢,+c, c.—= T
C,
T
ARy g AK; & lB
_AKy 5 L% d
d1 +d2 A2K2 =) n A2K3 =)
d, dy
Ak AZKKs < AK; & AZKK;
T odi+d, T AKy e +AKs 6 dy | di+dy T Kyod, +Ksyd,
A
A dielectric of constant K is slipped between the plates of parallel plate i
condenser in half of the space as shown in the figure. If the capacity of air
condenser is C, then new capacitance between A and B will be- S
oB
C C C 2[1+K]

A
This system is equivalent to two capacitors in parallel with area of each plate o

C'=C,+C,

A2 < (AI2K A c
+ = = —
d d g UKL =5 [1+K

Hence the correct answer will be (C).

Note: For Variable Dielectric Constant, If the dielectric constant is variable, then equivalent capacitance can be
obtained by selecting an element as per the given condition and then integrating.

(i)  Ifdifferent elements are in parallel, then C = IdC , where dC = capacitance of selected differential element.

1 1
(i)  If different element are in series, then E = Id (EJ is solved to get equivalent capacitance C.

SOLVED EXAMPLE

Example 32.

Solution :

Q
the surface charge density ¢ =X and the electric field =

A parallel-plate capacitor is formed by two plates, each of area 100 cm?, separated by a distance of
1mm. A dielectric of dielectric constant 5.0 and dielectric strength 1.9 x 107 V/m isfilled between the

plates. Find the maximum charge that can be stored on the capacitor without causing any dielectric
breakdown.

If the charge on the capacitor = Q

Q
KAg,
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This electric field should not exceed the dielectric strength 1.9 x 107 V/m

. if the maximum charge which can be givenis Q

Q 7
then =19x10" \/m,

o A= 2 =10-2 m?2
KAe, ~A=100cm?=102m

=  Q=(5.0)x (10?) x (8.85x 102)x (1.9x 107)=8.4x 10°C.
L]

Force on a dielectric due to charged capacitor :-

(a) If dielectric is completely inside the capacitor then force is equal to zero.

+ + + 4+ +1 4+ + + 4
T

v i -

(b) If dielectric is not completely inside the capacitor.

Casel - Voltage source remains connected ) !
V = constant. \ ,b//
| ’ +
1 ‘. .
U= 5 Cv? 3—_ ]
L F L}/
dU) v2 dc e
F = d_X = 7 dax -, J
— -
xbey K {—x)b b
where C = < +GO( ) = C=i[Kx+£—x]
d d d
dC b
ax - a K-

b(K —1)V2
F= % = constant (does not depend on x)
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Casell:

Problem 1.

Solution :

Problem 2.

Solution :

MISCELLANEOUS SOLVED EXAMPLE

When charge on capacitor is constant

Fe—
— >
X
_XogK g (/—x)D B Q?
C="% *"a = V=3¢

du Q> dc dc b
=[ j = = [where, = = ~%= (K1)

dx ) T 2c? T dx dx
= 507 dx (here force 'F' depends on x)

When two isolated conductors A and B are connected by a conducting wire positive charge will flow
from.

SuF
10uF 20uC
30uC
(A)Ato B (B)BtoA (C) will not flow (D) can not say.

Charge always flows from higher potential body to lower potential body

3
Hence, V, = —— =3V

As V>V, .. (B)is correct Answer.

Two parallel conducting plates of a capacitor of capacitance C containing charges Q and -2Q at a
distance d apart. Find out potential difference between the plates of capacitors.

Capacitance=C

Q 2Q
Electric field X A
ectrictield= 5, _ Q 2Q
A& *= 2Ac, 2Ae,
3Qd
V - 2A€0 d

ye 3@
= - 2C
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Problem 3.

Answer :

Solution :

Problem 4.

Solution :

A conductor of capacitance 10uF connected to other conductor of capacitance 40 puF having
equal charges 100 pC initially. Find out final voltage and heat loss during the process?

(i) V = 4V (i) H = 225 pJ.

40uF
10uF 100uC
100uC
C,=10uF C,=40uF
Q,=100puC Q,=100uC

V,=Q/C, =10V V,=Q/C,=25

. _ C1V1+02V2 _ Q1+Q2 _ 200}10 _
Final voltage (V) = (C,+C,) ~ C,+C, - BOyF =4V

1 1
Heat loss during the process = E[C1V12+CZV22]— EVZ(C1 +Cy)
—1[QV+QV] Tvee +c
= SV Vol -5 (C, )

1 1
= 5 x1000[12.5] — — x 16 (50) p = 225 pJ

A capacitor of capacitance C is charged from battery of e.m.f. £ and then disconnected. Now the
positive terminal of the battery is connected with negative plate of capacitor. Find out heat loss in the
circuit during the process of charging.

| |}
Iz e

Initially finally

Net charge flow through battery = 2eC
Work done by battery = ¢ x 2¢C = 2¢2C

Heat produced = 2¢2C. Ans.
From figure

Net charge flow through

battery = Q= Q,, = 6C — (~£C) = 2:C

.. workdone by battery (W) = Q x V =2¢C x ¢ = 2¢C

or Heat produced = 2¢2C
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Problem 5. Two uniformly charged spherical drops at potential V coalesce to form a larger drop. If capacity of
each smaller drop is C then find capacity and potential of larger drop.
Solution : When drops coalesce to form a larger drop then total charge and volume remains conserved. If ris
radius and q is charge on smaller drop then C =4 e ,randq=CV
i i 3 _ -3 _ A3
Equating volume we get 3 nR™=2x 3 o =R=2"r
Capacitance of larger drop C'=4negR= 2" ¢
Charge on larger drop Q=2q=2CV
Potential of larger drop V' = g = 26V 2 v
Problem 6. Two parallel plate capacitors with area A are connected through a conducting spring of natural length
¢ in series as shown. Plates P and S have fixed positions at separation d. Now the plates are
connected by a battery of emf E as shown. If the extension in the spring in equilibrium is equal to the
separation between the plates, find the spring constant k.
|,.E
II
4 d >
P Q | \R S
Solution : At any time distance between plates P and Q, R and S is same because force acting on them is

same. Let charge on capacitors be q and separation between plates P and Q, R and S be x

1,.E
II
e dimmmennenes >
p QJ Q R| R[S
. . 8()A
Capacitance of capacitor PQ, C, = T
| | _gA 4,9 g o 2AE
Capacitance of capacitor RS, C, = « From KVL C, C, q %

At this moment extension in spring, y =d — 2x — /.

q2 B séAzE2 B ASOE2

2Ag, 8Ax%,  8x°

Force on plate Q towards P, F, =

Spring force on plate Q due to extension in spring, F,=ky

At equilibrium, separation between plates = extension in spring
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Capacitance

Problem 7.

Solution :

Problem 8.

Solution :

d-/¢
Thusx=y=d-2x—(= X=———_.(i) and F, =F, ...(ii)

A, E’ AgE* )
From eq. (i) and (ii), 2 =ky=kx=> X = ...(iii)
X

8k

ke Ag, E*27
8k 8(d-¢)°

Find V and E at : ( Q is a point charge kept at the centre of the
nonconducting neutral thick sphere of inner radius 'a' and outer
radius 'b') (dielectric constant = € )

(d—ﬁ} Ag, E’
From eq. (i) and (iii), 3 =

()0<r<a
(ila<r<b
(iir>b
—g and +q charge will induce on inner and outer surface respectively

KQ
E(O<r<a)= r_2
E(r>b)= @

r
KQ

E(a<r<b)=@—K—q 2 Ans

K
V(rzb)=—rQ

" KQ kQ kQ(1 1
(@sr<b)V,=V,+ '!er rz(*’r) = T+e_,[?_5j

a b

tKQ K kQ (1 1 1 1
V(r<a) V=V, + Ir—z(‘dr) -, = [———j +kQ [———

b &

a

What is potential at a distance r (<R) in a dielectric sphere of uniform

charge density p, radius R and dielectric constant ..

WB—>A
V, =V + T

__Q p(R? —r?)
- 47t€0R+ 3 g€

;
Q pr

= —dr
T 4ngR T R3€0€r( )

\Y

KQ

outiside r

r a

neutral

)

neutral
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Problem 9.

Solution :

Problem 10.

Answer:

Solution :

Find the time constant for given circuit if |

¢ G

Vor R, R
R,=4Q, R,= 120, C, = 3uF and C, = 6yF.
Given circuit can be reduced to : I I
C
RR, 4x12 Vi R
C = CIC2 Z3X6=2MF, — =2 _ =30
C, +C, 3+6 R, +R, 4+12

Time constant = RC = (3) (2 x 107%) = 6us

Consider the situation shown in figure. The width of each plate is b. The capacitor plates are rigidly
clamped in the laboratory and connected to a battery of emf V. All surface are frictionless. Calculate
the extension in the spring in equilibrium (spring is nonconducting).

T ——/— K
iT K ﬂmm—E

_1 ]S Xb+e0 K(¢—x)b ,
2 d d
fo Y __ Vi
X 2 dx
_-1dc .,
T2 dx v
£ _ €, b
where , dx —7{1—K}
— V2 e, b(K-1)

2 d

at equilibrium , F = K_x

_F g bvA(K-1)
*T ke T 2dKg
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I Exercise # 1 S

PART -1 : SUBJECTIVE QUESTIONS

Section (A) : Definition of capacitance

A-1.

A-4.

»A-5.

Two large parallel conducting plates are 34 mm apart and carry equal but opposite charges on their facing
surfaces. An electron placed midway between the plates experiences a force of 3.2 x 10-'® N. What is the
potential difference (in volts) between the plates?

When 30uC charge is given to an isolated conductor of capacitance 5uF. Find out the following
(i) Potential of the conductor
(i) Energy stored in the electric field of conductor

(iii) If this conductor is now connected to another isolated conductor by a conducting wire (at very large
distance) of total charge 50 uC and capacity 10 uF then

(a) find out the common potential of both the conductors.

(b) Find out the heat dissipated during the process of charge distribution.
(c) Find out the ratio of final charges on conductors.

(d) Find out the final charges on each conductor.

Plate A of a parallel air filled capacitor is connected to a nonconducting
spring having force constant k and plate B is fixed. If a charge + q is
placed on plate A and charge — q on plate B then find out extension in H =

the spring in equilibrium. Assume area of plate is ‘A’.

The lower plate of a parallel plate capacitor is supported on a rigid rod. The upper plate is suspended from one
end of a balance. The two plates are joined together by a thin wire and subsequently disconnected. The
balance is then counterpoised. Now a voltage V = 5000 volt is applied between the plates. The distance
between the plates is d = 5 mm and the area of each plate is A = 100 cmZ2. Then find out the additional mass
placed to maintain balance. [All the elements other than plates are massless and honconducting]

ﬁw_

_%A_/Rigid rod

Each plate of a parallel plate air capacitor has an area S. What amount of work has to be performed by
external agent to slowly increase the distance between the plates from x, to x, if:

(i) the charge of the capacitor, which is equal to q is kept constant in the process.

(i) the voltage across the capacitor, which is equal to V is kept constant in the process.
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Section (B) : Circuits with capacitor and use of KCL and KVL

B-1.

».B-2.

B-3.

B-4.

If potential of Ais 5V, then potential of B in volt is

1uF 1uF

B

—1uF
—la
3V

Three uncharged capacitors of capacitance C, = 1uF, C, = 2uF and C, = 3uF are connected as shown in
the figure. The potential of point A, B and D are 10 volt, 25 volt and 20 volt respectively. Determine the
potential at point O.

A
1.
7
c, c,
B/\ /\D
In the figure shown, find the e.m.f. ¢ for which charge on 2uF capacitoris 4 uC.

1uF
|—|

2V 2pF
—

3v 3uF

A capacitor of capacitance C, a resistor of resistance R and a battery of emf ¢ are connected in series at
t=0. What is the maximum value of

(a) the potential difference across the resistor.
(b) the current in the circuit.

(c) the potential difference across the capacitor.
(d) the energy stored in the capacitor.

(e) the power delivered by the battery.

(f) the power converted into heat.

A part of circuit in a steady state along with the current flowing in the branches, the values of resistance etc.,
is shown in the figure. Calculate the energy stored in the capacitor C (4uF) [1986, 4M]

YYYVYY
-
o)
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wB-6. A capacitor having a capacitance of 200 uF is charged to a potential difference of 20V. The charging battery

is disconnected and the capacitor is connected to another battery of emf 10V with the positive plate of the
capacitor joined with the positive terminal of the battery.

(@) Find the charges on the capacitor before and after the reconnection in steady state.
(b) Find the net charge flown through the 10 V battery

(c) s work done by the battery or is it done on the battery? Find its magnitude.

(d) Find the decrease in electrostatic field energy.

(e) Find the heat developed during the flow of charge after reconnection.

Section (C) : Combination of capacitors

w.C-4.

p"g

/—1
(i) Find out the charges on the three capacitors connected to a battery as shown in figure.
Take C,=1.0 uF,C,=2.0 pF, C,=3.0 pF and V = 20 volt.
(ii) Find out the work done by the battery during the process of charging
(initially all the capacitors are uncharged)
(iii) Find out the total energy stored in the capacitors .

If charge on 3uF capacitoris 3uC. Find the charge on capacitor of capacitance C in uC.

C
|1
B

V=

J___—L 3uF
o T

In the following circuit, the resultant capacitance between Aand B is 1 uF. Find the value of C.

C luF
| |

Ae
il L L
g
2uF
Be T T 2MF aor
If you have several 2.0 LIF capacitors, each capable of withstanding 200 volts without breakdown, how would you

assemble a combination having minimum number of capacitors and of given equivalent capacitance which
capable of withstanding 1000 volts;

(a) 0.40 uF (b) 1.2 uF
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w.C-5. Take the potential of the point B as shown in the figure to be 100 V.

60pF c 30pF
A B
D
40uF |, 20uF
200

(@) Find the potentials at the point C and D.

(b) If anuncharged capacitor is connected between C and D, then find the amount of charge that will appear
on this capacitor

C-6. Find the capacitance between the point A and B of the given assemblies.

5uF 10pF 5uF
\|
5uR
30uF S 300 10uF
o T I R e e s A
o\ 200 OWFL
10uF  20pF 1l
(b) 20pF
(@) (c)

C-T. Find the final charges in steady state on the four capacitors of capacitance2uF, 4uF, 6uF and 8uF as
shown in figure. (Assuming initially they are uncharged). Also find the current through the wire AB at steady
state.

w.C-8. Consider the situation shown in the figure. The switch S is open for a long time and then closed and again
steady state reached then
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(a) Find the charge flown through the battery after the switch S is closed.
(b) Find the charge flown through the switch S from B to A.

(c) Find the work done by the battery after the switch S is closed.

(d) Find the change in energy stored in the system of capacitors.

(e) Find the heat developed in the system after the switch S is closed.

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

——24V 8 e

Section (D) : Equation of charging and discharging

D-1.

w.D-4.

A capacitoris connected to a 12 V battery through a resistance of 10Q. It is found that the potential difference
across the capacitor rises to 4.0 V in 1us. Find the capacitance of the capacitor.

(Given: /n3 =1.0986, /n2 = 0.693)

A capacitor of capacitance 200 pF is connected across a battery of emf 10.0 V through a resistance of 40 kQ
for 16.0 s. The battery is then replaced by a thick wire. What will be the charge on the capacitor 16.0 s after
the battery is disconnected ? (Given : e2=0.135)

A capacitor of capacity 1lLF is connected in a closed series circuit with a resistance of 107 ohms, an
open key and a cell of 2 V with negligible internal resistance:

(i) When the key is switched on at time t = 0, find;
(@) The time constant for the circuit.
(b) The charge on the capacitor at steady state.
(c) Time taken to deposit charge equal to half of charge that will deposit at steady state.

(i) If after completely charging the capacitor, the cell is shorted by zero resistance at time t = 0, find
the charge on the capacitoratt=50s. (Given:e®=6.73x1073,In2=0.693)

At t = 0 charge on capacitor is g,. Now switch S is closed. Heat loss in 3R is x x 10 J. Then find the value
of x. [Given q,= 15uC, C =6/55 puF]

Go+ 1— %

2R

3R



JEE (Adv.)-Physics Capacitance

D-5.

».D-6.

A 5.0 uF capacitor having a charge of 20 uC is discharged through a wire of resistance 5.0 Q. Find the heat
dissipated in the wire between 25 to 50 us after the connections are made. (Given:e2=0.135)

A varying voltage is applied to the clamps AB (figure a) such that the voltage across the capacitor plates
varies as shown in figure b.

Ao

@

y

Bo = D t, :2t0 I:’;to 5t, t
a
(b)

Plot the time dependence of voltage across the clamps CD.

Section (E) : Capacitor with dielectric

E-1.

E-3.

E-4.

».E-5.

The parallel plates of a capacitor have an area 0.2 m? and are 102 m apart. The original potential
difference between them is 3000 V, and it decreases to 1000 V when a sheet of dielectric is inserted
between the plates filling the full space. Compute: (e,=9x 107 8. I. units)

i)  Original capacitance C,,. (i) The charge Q on each plate.

(
(iii) Capacitance C after insertion of the dielectric. (iv) Dielectric constant K.
(v) Permittivity e of the dielectric.

(vi)  The original field E, between the plates.
(vii) The electric field E after insertion of the dielectric.

Find the capacitance of the system shown in figure.

|Plate area = A

k=1 k=2

d k=3 k=4

A parallel plate isolated condenser consists of two metal plates of area A and separation 'd". A slab of
thickness 't' and dielectric constant K is inserted between the plates with its faces parallel to the plates
and having the same surface area as that of the plates. Find the capacitance of the system. If
K =2, for what value of t/d will the capacitance of the system be 3/2 times that of the condenser with air
filling the full space? Calculate the ratio of the energy in the two cases and account for the energy
change (assuming g charge on the plate to be constant).

Hard rubber has a dielectric constant of 2.8 and a dielectric strength (maximum electric field)of 18 x 10°
volt/meter. If itis used as the dielectric material filling the full space in a parallel plate capacitor. What
minimum area may the plates of the capacitor have in order that the capacitance be 7.0 x 1072 puF and
that the capacitor be able to withstand a potential difference of 4000 volts. (e, = 8.85 x 10-"2 S.1 unit)

Two parallel plate air capacitors each of capacitance C were connected in series to a battery with e.m.f.
€. Then one of the capacitors was filled up with uniform dielectric with relative permittivity k. How many
times did the electric field strength in that capacitor decrease? What amount of charge flows through
the battery?
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E-6.

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=0and t= o ?

«—d—>

wE-7. A capacitor filled with dielectric of permittivity € = 2.1 loses half the charge acquired during a time interval t =

E-8.

E-9.

3.0 min. Assuming the charge to leak only through the dielectric filler, calculate its resistivity.

In figure shown, two parallel plate capacitors with fixed plates and connected to two batteries. The separation
between the plates is same for the two capacitors. The plates are rectangular in shape with width b and
lengths ¢, and /,, the separation between plates is d. The left half of the dielectric slab has a dielectric
constant K, and the right half K, (K, > K.). EMF of the right battery is greater then left battery. Neglecting any
friction, find the extension in spring in equilibrium (spring is nonconducting) (e, > €,)

: l, : : t, |

i s I S

The plates of the parallel plate capacitor have plate area A and are clamped in the laboratory as shown in
figure. The dielectric slab of mass m, length 2/ and width 2/ is released from rest with length ¢ inside the
capacitor. Neglecting any effect of friction or gravity, show that the slab will execute periodic motion and find
its time period. (plates of capacitor are square plates of side 2/)

&

—2/—
—2{—
A

—¢ —

wE-10. A parallel plate capacitor is filled with a dielectric up to one half of the distance

between the plates. The manner in which the potential between the plates varies
with distance is illustrated in the figure. Which half (1 or 2) of the space between
the plates is filled with the dielectric and what will be the distribution of the
potential after the dielectric is taken out of the capacitor provided that;

(@) The charges on the plates are conserved or

(b) The potential difference across the capacitor is constant.
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PART - Il : OBJECTIVE QUESTIONS

* Marked Questions may have more than one correct option.

Section (A) : Definition of Capacitance

A-.

A-3.

wA-4.

Choose the CORRECT statement :-
(A) C will increase on increasing Q (B) C will increase on decreasing Q

(C) C will increase on decreasing V (D) C doesnot dependon Q &V

Two isolated charged metallic spheres of radii R, and R, having charges Q, and Q, respectively are connected
to each other, then there is:

(A) No change in the electrical energy of the system

(B) An increase in the electrical energy of the system

(C) Adecrease in the electrical energy of the system in any case
(D) Adecrease in electrical energy of the system if Q, R, # Q, R,

The radii of two metallic spheres are 5 cm and 10 cm and both carry equal charge of 75uC. If the two spheres
are shorted then charge will be transferred—

(A) 25 nuC from smaller to bigger (B) 25 nC from bigger to smaller
(C) 50 uC from smaller to bigger (D) 50 uC from bigger to smaller

A parallel plate capacitor is charged up to a potential of 300 volts. Area of the plates is 100 cm2 and
spacing between them is 2 cm. If the plates are moved apart to a distance of 2.5 cm without disconnecting
the power source, then (e, =9 x 10712 C2 N-" m~2):

(i) Electric field inside the capacitor when distance is 2.5 cm :
(A) 15 x 102 V/m (B)3 x 108 V/m
(C)12 x 108 V/m (D) 6 x 103 V/m
(i) Change in energy of the capacitor s :
(A)6x108J (B)—1215x10-10y
(C)1215x 1010y (D) —405x 10-10y
(iii) If the distance is increased after disconnecting the power source, then electric field inside the
capacitoris :
(A)6 x 108 V/m (B)3 x 108 V/m
(C)12 x 108 V/m (D) 15 x 108 V/Im
(iv) Change in energy of the capacitor in above case is :
(A)303.75x109J (B)—1215x10-10y

(C)5.06 x 10 J (D)-303.75x 109 J
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A-5.*

A-6.

A parallel plate capacitor is charged and the charging battery is then disconnected. The plates of the capacitor
are now moved, farther apart. The following things happen :

(A) The charge on the capacitor increases

(B) The electrostatics energy stored in the capacitor increases
(C) The voltage between the plates increases

(D) The capacitance increases.

A parallel plate capacitor is charged and then isolated. On increasing the plate separation—

Charge Potential Capacitance
(A) remains constant remains constant decreases
(B) remains constant increases decreases
©) remains constant decreases increases
(D) increases increases decreases

Section (B) : Circuits with capacitor and use of KCl and KVL

B-1.

B-2.

B-3.

B-4.

The work done against electric forces in increasing the potential difference of a condenser from 20V to 40V is
W. The work done in increasing its potential difference from 40V to 50V will be (consider capacitance of
capacitor remain constant)

3W w
(A)4W ®) ©)2w 0

The plate separation in a parallel plate condenser is d and plate areais A. If itis charged to V volt & battery
is disconnected then the work done in increasing the plate separation to 2d will be—

3 g AV?
2 d

ey AV?
d

2y AV
d

ey AV?

(A) 2d

(B) (©) (D)

The magnitude of charge in steady state on either of the plates of condenser C in the adjoining circuit is-

CER, CER, CER;
(A)CE B R+n ©) R, +1) O R, 1)
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 :-

(A)V (B)V+% (C)V+% (D)V—%,ifV<CV
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B-5. In the adjoining diagram, (assuming the battery to be ideal) the condenser C will be charged to potential V if -
50 10Q

+

(A) S, and S, both are open (B) S, and S, both are closed
(C) S, isclosed and S, is open (D) S, isopen and S, is closed.

wB-6. A parallel plate condenser of capacity C is connected to a battery and is charged to potential V. Another
condenser of capacity 2C is connected to another battery and is charged to potential 2V. The charging
batteries are removed and now the condensers are connected in such a way that the positive plate of one is
connected to negative plate of another. The final energy of this system is—

25CV?2 3CV? 9CcV?
(C) (D)

(A) zero (B) 6 > 2

Section (C) : Combination of capacitors

Cc C
C-1. In the adjoining circuit, the capacity between the points A and B will be - c
C
(A)C (B)2C A C>< B
(C)3C (D) 4C c Ce
—

C-2. The resultant capacity between the points A and B in the adjoining circuit will be -

C
R
Q C
N\
K
lBD
(A)C (B)2C (C)3C (D) 4C

C-3. The equivalent capacitance between the terminals X and Y in the figure shown will be—

X
o—T
200pF |
P a 100pF L
200pF 100pF] T

100pF | 100pF
Y
0

(A) 100 pF (B) 200 pF (C) 300 pF (D) 400 pF
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C4.

C5

C-6.

C-7.

C-8.

The effective capacity in the following figure between the points P and Q will be —

A A A
N i e
3uF 3uF 3uF 3pF
(A) 3uF (B) 5uF (C) 2uF (D) 1uF

In the circuit shown in figure, the ratio of charges on 5pF and 4uF capacitor is :-

2pF
3uF
G

4uF

oV
(A) 4/5 (B)3/5 (C) 3/8 (D)1/2
How the seven condensers, each of capacity 2uF, should be connected in order to obtain a resultant

10
capacitance of ET] uF?

(A) HH (B)<>—H—H—<> (C) >4|—||— (D)<>-<HHHI

Two parallel plate condensers of capacity of 20uF and 30uF are charged to the potentials of 30V and 20V
respectively. If likely charged plates are connected together then the common potential difference will be-

(A) 100 V (B) 50 V (C)24V (D) 10V

In the following figure, the charge on each condenser in the steady state will be—

3uF 3uF
S —

(A) 3uC (B) 6uC (C)9uC (D) 12uC
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w.C-9.

For the circuit shown here, the potential difference between points Aand B is :-

F: =
6C ——3C _—C —2C

(A) 2.5V (B) 7.5V (C)10V (D) Zero

Section (D) : Equation of charging and discharging

D-1.

wD-2.

An uncharged capacitor of capacitance 8.0 uF is connected to a battery of emf 6.0 V through a resistance of
24 Q, then

(i) the current in the circuit just after the connections are made is :

(A)0.25A (B)0.5A (C)04A (D)OA
(ii) the current in the circuit at one time constant after the connections are made is :
(A)0.25A (B)0.09A (C)04A (D)OA

A 3 mega ohm resistor and an uncharged 1 uF capacitor are connected in a single loop circuit with a
constant source of 4 volt. At one second after the connection is made what are the rates at which;

(i) the charge on the capacitor is increasing.
(A) 41-e7"3) uCls (B) 4¢3 Cls
4 _ 4 _
() 3¢ V3 L Cls (D) z(1-e " ucls
(i) energy is being stored in the capacitor.
16 _ _ 16 _
(A) 5 (1-e e S s (8) 5 (1-e %) wdis
16 23
(C) ?e ud/s (D) None of these

(iii) joule heat is appearing in the resistor.

1 _
(A) ?ef”% JIs (B) 5€ hJIs
16, _ 16 _
(©) 5 2B dls (D) 5 (1-e 32 L s
(iv) energy is being delivered by the source.
(A) 16(1-e "3)u Jis (B) 16u J/s
16,
) 863 s (D) —(1-e™®)u Js

3 3
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D-3.

w.D-4.

D-6.

The charge on each of the capacitors 0.16 ms after 20

S
— AN
the switch S is closed in figure is : ?lj
4.0uF 4.0uF
(A) 24 uC H ‘r_l_‘r H
26.8uC I

(B) il
(C)25.2C 100V
(D)40 uC

An uncharged capacitor of capacitance 100uF is connected to a battery of emf 20V at t = 0 through a
resistance 10Q2, then

(i) the maximum rate at which energy is stored in the capacitor is :

(A)10J/s (B) 20 J/s (C)40J/s (D) 5J/s
(i) time at which the rate has this maximum value is
(A)(4In2)ms (B)(2In2)ms (C)(In2) ms (D)(3In2)ms

The plates of a capacitor of capacitance 10 uF, charged to 60 uC, are joined together by a wire of resistance
10 Q att=0, then

(i) the charge on the capacitor in the circuitatt=0is :

(A)120 uC (B)60 nC (C)30puC (D)44 uC
(i) the charge on the capacitor in the circuitat t = 100 psiis :
(A)120 uC (B)60 nC (C)22uC (D)18 uC
(iiif) the charge on the capacitor in the circuit at t = 1.0 msis : (take €' = 20000)
(A)0.003 uC (B)60 nC (C)44 uC (D)18 uC
The switch S shown in figure is kept closed for a long time and o5 LF
then opened at t = 0, then the current in the middle 20 Q resistor )I K
att=0.25msis:

NV
(A)0.629A (B)0.489A ) 20 Q (s
(C)0.189A (D)23 mA AVt A

Section (E) : Capacitor with dielectric

E-1.

The distance between the plates of a parallel plate condenser is d. If a copper plate of same area but

d
thickness — is placed between the plates then the new capacitance will become-

2
(A) half (B) double (C)one fourth (D) unchanged
On placing a dielectric slab between the plates of an isolated charged condenser its—
Capacitance Charge Potential Difference Energy stored Electric field

(A) decreases remains decreases increases increases
unchanged

(B) increases remains increases increases decreases
unchanged

©) increases remains decreases decreases decreases
unchanged

(D) decreases remains decreases increases remains

unchanged unchanged
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E-3.

E-4.

E-5.

E-6.

E-7.

E-8.

E-9.

A parallel plate condenser is connected to a battery of e.m.f. 4 volt. If a plate of dielectric constant 8 is
inserted into it, then the potential difference on the condenser will be-

(A) 172V (B) 2V (C) 4V (D) 32V

In the above problem if the battery is disconnected before inserting the dielectric, then potential difference will
be-

(A)1/2V (B)2v (C)av (D) 32v

In the adjoining diagram two geometrically identical capacitors Aand B are

connected to a battery. Air is filled between the plates of C, and a dielectric + IV q,
is filled between the plates of C,, then - __f_ CZBZ%K C::A
(A)g,<q, (B)a,>q,

(C)q,=q, (D) None of these

A parallel plate condenser with plate separation d is charged with the help of a battery so that U  energy is
stored in the system. A plate of dielectric constant K and thickness d is placed between the plates of
condenser while battery remains connected. The new energy of the system will be-

(A)KU (B)K*U, (€) (D) 7

0

(A)K2U, (B) —% (C)—~ (D)KU,

Three capacitors 2 iF, 3 uF and 5 nF 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

A parallel plate capacitor without any dielectric has capacitance C, A dielectric slab is made up of two
dielectric slabs of dielectric constants K and 2K and is of same dimensions as that of capacitor plates
and both the parts are of equal dimensions arranged serially as shown. If this dielectric slab is introduced
(dielectric K enters first) in between the plates at constant speed, then variation of capacitance with
time will be best represented by:

A A A
<V— k 2k
je— |_ L 3} L >
4 4 4 4
C C C C
(A) C: i (B) C: i (C) C. (D) C.

—
W
—
W
—
W
—
W
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PART - lll : MATCH THE COLUMN

w2.

The circuit involves two ideal cells connected to a 1 uF capacitor via a key K. Initially the key K is in
position 1 and the capacitor is charged fully by 2V cell. The key is then pushed to position 2. Column
I gives physical quantities involving the circuit after the key is pushed from position 1. Column II gives
corresponding results. Match the statements in Column I with the corresponding values in Column II.

le=1yF

T2V wNT

ColumnI
(A) The net charge crossing the 4 volt cell in uC is (p)
(B) The magnitude of work done by 4 Volt cellin uJ is (q)

(C) The gain in potential energy of capacitorin pdis  (r)

(D) The net heat produced in circuitin uJ is (s)
Column-l
(A) Plates of anisolated, charged, parallel plate, (P)

air core capacitor are slowly pulled apart.

(B) A dielectric is slowly inserted inside an isolated  (q)
and charged parallel plate air cored capacitor to
completely fill the space between plates.

©) Plates of a parallel plate capacitor connected (n
across a battery are slowly pulled apart.

(D) A dielectric slab is slowly inserted inside a (s)
parallel plate capacitor connected across a
battery to completely fill the space between

plates.

()

Column Il

2

6

8

16

Column-I|

Electric energy stored inside capacitor
increases in the process.

Force between the two plates of the

capacitor remain unchanged.

Electric field in the region between
plates remain unchanged.
Total electric energy stored inside

capacitor decreases in the process.

Electric field in the region decreases.
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3. In each situation of column-I, a circuit involving two non-ideal cells of unequal emf E, and E, (E, > E,) and
equal internal resistance r are given. A resistor of resistance R is connected in all four situations and a
capacitor of capacitance C is connected in last two situations as shown. Assume battery can supply infinity
charge to the circuit (r, R # 0, E,,E, # 0). Four statements are given in column-Il. Match the situation of
column-I with statements in column-II.

Column-1 Column -11

(A) E, r~|: IE” r (p) magnitude of potential difference across

both cells can never be same.
(B) E, r~|: TE ; (q) cell of lower emf absorbs energy,

that is, it gets charged up as long
as current flows in circuit
(C) The capacitor is initially uncharged. (n potential difference across cell of

After the key Kis closed lower emf may be zero.

[
EHFT_/K;T E,.r

(D) The capacitor is initially uncharged. (s) currentin the circuit can never be zero

After the key K is closed. (even after steady state is reached).

[,
Ts T
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I Exercise + 2 N

PART -1 : OBJECTIVE QUESTIONS

1. Choose Graph between potential and time for an isolated conductor of finite capacitance C, if its charge
varies according to the formula Q = (at + Q,) coulomb, where Q_ and o are positive constant.

V 4 V A
/ /_\
(A) (B)
> >
V 4 V 4

-

v
v

2. The plates of a parallel plate condenser are being moved away with a constant speed v. If the plate separation
at any instant of time is d then the rate of change of capacitance with time is proportional to—

(A) 5 (B) 1z (C)a? (D)d

3. (i) A 3uF capacitor is charged up to 300 volt and 2uF is charged up to 200 volt. The capacitor are
connected so that the plates of same polarity are connected together. The final potential difference
between the plates of the capacitor after they are connected is :

(A)220V (B)160 Vv (C)280V (D) 260V

(i) If instead of this, the plates of opposite polarity were joined together, then amount of charge
that flows is :
(A)6x10*C (B)1.5x104C (C)3x10*C (D)7.5x104C

w4. A capacitor of capacitance C, is charged to a voltage V, and then isolated. A capacitor C is then
charged from C,, discharged and charged again ; the process is repeated n times. Due to this, potential
of the C, is decreased to V, then value of Cis :

(A) C, [V /] (B) Cyl(Vy/V)'n —1] (C)CyI(V/V) =11 (D) Cy [(VIV)M + 1]
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5. There are two conducting spheres of radius a and b (b > a ) carrying equal and opposite charges.

They are placed at a separation d (>>> a and b). The capacitance of system is

\/d
4 47'CSO 4TC€0 41'580
A e g @ 1_1_1 o1, 1.1 1,1 .2
a-b- a b d a b d a b d
6. Two spherical conductors A, and A, of radii r, and r, are placed concentrically in air. The two are
connected by a copper wire as shown in figure. Then the equivalent capacitance of the system is
A, wire
4n ey kryr,
(A) P (B) 4ney(ry+ry) (C) 4ne,r, (D) 4ner,
7. A spherical condenser has 10 cm and 12 cm as the radii of inner and outer spheres. The space between
the two spheres is filled with a dielectric of dielectric constant 5. The capacity when;
(i) the outer sphere is earthed.
(A) % x 10-10F (B) % x 10-10F
10 16
(C) 7 x10°1OF (D) - x10°0F
3 3
(i) the inner sphere is earthed.
104 52
- -10 == -10
(A) 30><10 F (B) 30><1O F
26
(C) == x10"10F (D)6 x 10" F
30
8. n resistances each of resistance R are joined with capacitors of capacity C (each) and a battery of emf E as

shown in the figure. In steady state condition ratio of charge stored in the first and last capacitor is :

— 3R —=C 3R ——=C

| |
|1
O
X

(A)n:1 B)(n=1):(n+1) (C)(n2+1):(n2-1) (D)1:1



JEE (Adv.)-Physics Capacitance

9. A network of uncharged capacitors and resistances is as shown
E|, K
G,
ey
A B
R,
R,
Current through the battery immediately after key K is closed and after a long time interval is :
E E E E
(AR, R, +R, B) R, +R; - ~ . ReRg
"R, +R,
E E E
(C) Zero, R, (D) .. R,R; ' R
175 o
R, +R3
10. In the circuit shown in figure the capacitors are initially uncharged. The current through resistor PQ just after

closing the switch is :

12V

2 I\—W:IA%'—
P
— | ||
603 20F 50 4WF 360
Q

(A)2AfromPto Q (B)2AfromQto P (C)6AfromPto Q (D) zero
11.  Find the equivalent capacitance across A & B :-

ST
A 13uF  1pF B
0——1|2I—F — A7
n
{1 |
10uF 1pF
28 15
(A) 3 uf (B) E Wk (C)15 uF (D) none

w12. Inthe arrangement of the capacitors shown in the figure, each C, capacitor has capacitance of 3uF and
each C, capacitor has capacitance of 2uF then,

(i) Equivalent capacitance of the network between the pointsaand b is:

3
(A) 1TuF (B)2uF (C) 4uF (D) 5 uF
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(i) 1fV,, =900V, the charge on each capacitor nearest to the points 'a' and 'b" is :

(A) 300 uC (B) 600 uC (C) 450 uC (D) 900 uC
(iii) 1f V,, =900V, then potential difference across pointsc and d is :
(A)60V (B) 100 V (C)120V (D) 200V
13. A combination arrangement of the capacitors is shown in the figure

() C,=3uF, C,=6pFand C,=2uF then equivalent capacitance between 'a"and 'b'is :

N
|C;‘ CZJ_ I J_Q

(A) 4 uF (B) 6 uF (C) 1 uF (D) 2 uF

(i) If a potential difference of 48 V is applied across points a and b, then charge on the
capacitor C, at steady state condition will be :

(A)8 uC (B)16 uC (C)32uC (D)64 uC
14. Each edge of the cube contains a capacitance C. The equivalent capacitance between the points A and B will
be —
C
o ——p
|1
11
C —-—C
—_—cC c=—
C=—/— c
|1
1
C " C
A
6C 5C 12C 7C
(A) 5 (B) 5 (€)=~ D) 75

».15. The time constant of the circuit shown is :

A
—
B
RC 3RC RC RC
(A) =~ B) 5 (©) 3 (D) 7~

w16. Afresh dry cell of 1.5 volt and two resistors of 10kQ) each are connected in series. An analog voltmeter
measures a voltage of 0.5 volt across each of the resistors. A 100uF capacitor is fully charged using the same
source. The same voltmeter is now used to measure the voltage across it. The initial value of the current and
the time in which the voltmeter reading falls to 0.5 volt are respectively. [Olympiad 2014_stage-1]

(A) BOLA, 11s (B) 120uA, 15s (C) 150uA, 15s (D) 150pA, 1.1s
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w17. Referto the circuit given below. Initially the switch S is in position 1 for 1.5 s. Then the switch is changed to
position 2. After a time t (measured from the change over of the switch) the voltage across 5 kQ resistance is
found to be about 1.226 volt. Then, tis [Olympiad 2014_stage-1]

(A)330 ms (B) 500 ms (C)33ms (D) data insufficient

18. The V versus x plot for six identical metal plates of cross-sectional area A is as shown. The equivalent
capacitance between 2 and 5 is (Adjacent plates are placed at a separation d) :

VA
10V [t
o TN
ov N
: 'X
1 2 3 4 5 6
A 2€0A B eoA C 3€0A D €0A
(A) = (B) =3 ©) — D) 754

w19. 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 Aand B, a cell of emf E is connected. The

charge flown through the cell is :-

112] 3] |45

3 gAE 2 goAE c 4¢,AE 5 goAE
N3 ® 3 4 © 4 ® 724

20. The capacitance of a parallel plate condenser is C . If a dielectric of relative permittivity ¢ and thickness equal
to one fourth the plate separation is placed between the plates, then its capacity becomes C. Then value of

c
Co will be-

5¢, 4e, 3g, 2g,
(A) 2¢, +1 (B) 3¢, +1 ©) 26 1 o
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w21. Aparallel 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
K
E,
\
(A)E, =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
w22. Threelongconducting plate A, B & C having charges +q, —2q and +q as shown in figure. Here plate Aand C
are fixed. If the switch S is closed. The middle plate (B) will start moving in
SA
g 29 tq
A BH CH
7
(here £,>2,)
(A) Leftward direction (B) Rightward direction
(C) will not move (D) First move leftward & then rightward
PART - Il : INTEGER TYPE QUESTIONS
w1. 2 conducting objects one with charge of +Q and another with —Q are kept on x-axis at x = 0 and
x =1 respectively. The electric field on the x-axis is given by 3Q£X2 + f] . If the capacitance of this configuration
3
L o1
of objects is C. Then find c (inF.
2. The particle P shown in the figure has a mass m and a charge —q. Each horizontal plate has a surface area

xmge,A
2qc

A. The potential difference V = should be applied to the combination to hold the particle P in

equilibrium. find x?

2C
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Capacitance

w3.

5.

Both the capacitors shown in figure are made of square plates of edge a. The separations between the plates
of the capacitors are d, = 2d and d, = d as shown in the figure. A battery of V volt and a resistance R are
connected as shown in figure. At steady state an electron is projected between the plates of the lower
capacitor from its lower plate along the plate as shown. Minimum speed should the electron be projected is

1/2
1 ( Vea?
given by ﬁ(m—dzJ , so that it does not collide with any plate. Find n? Consider only the electric forces.
R
A
d
\Vam—
_-—""””"dz
e —-—====

Three conducting plates of area 500 cm? area kept fixed as shown. Distance between adjacent plates is
8.85 mm. A charge of 1.0 nC is placed on the middle plate. (a) The charge on the outer surface of the upper
plate is given by? n x 10-"°. Find n? (b) Find the potential difference developed between the upper and the
middle plates.

Five capacitors are connected as shown in the figure. Initially S is opened and all the capacitors are
uncharged. When S is closed and steady state is obtained. Then find out potential difference between

the points A and B.
S A
f_”_'_' 5
2uF 3uF  6uF

38V
Vv
-‘7 8uF 12uF
[ f

B

Calculate the steady state current in the 2 Q resistor shown in the circuit (see figure). The internal resistance
of the battery is negligible and the capacitance of the condenser Cis 0.2 puF [JEE-1982; 2M]
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7.

w9.

10.

1.

In steady state, find the charge on the capacitor shown in figure.

200

i\, 6uF iy

_,_)|“7

i, i

AN AMN——
10Q

<

I
hE 2 VI

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 : C
V,=30 V,R;=10 kQ, R,=5 kQ.) L
(i) the current through R, be |, immediately after closing the switch Y —'\/\{2\{\/—
(i) the current through R, be |, a long time after the switch was closed i
(iii) the current through R, be |, immediately after reopening the switch IVo K

|

1
Find the value of LI (in ampere™).
213

The equivalent capacitance of the combination shown in the figure between the indicated points is given by

[;qu. Find n.
2uF 4uF
&——{j :I:4HF —e
4pF 2uF

The equivalent capacitance of the circuit between point Aand B is nC. Find n.

C 2 C 8C
| |1 |1 |1
f 11 11 11 \
\\\
—=C —=C —=C =C —o0
A Infinite ,/ B
| I 11 11 section /
I 11 11 11
C 2C C 8C

Find the potential difference between points A and B of the system shown in figure if the emf is equal to
E =110 V and the capacitance ratio C,/C, = n = 2.0.

C,

C C——

i
T 1
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12.

13.

»14.

15.

The electric field between the plates of a parallel-plate capacitance 2.0 uF drops to one third of its initial value
in 4.4 us when the plates are connected by a thin wire. Find the resistance of the wire.

(Given: In3 =1.0986)

There are six plates of equal area A and separation between the plates is d (d<<A) are arranged as shown

g A
in figure. The equivalent capacitance between points 2and 5, is ocOT . Then find the value of o.

1
d
: 2
d 3
2d
S|
d
5 5
d
6

V=18.0V (applied 3mift)

6.0003 ——6.00 uF
a b
S
3.000 2 T 00w

(a) What is the potential of point a with respect to point b in figure, when switch S is open ?
(b) What is the final potential of point b with respect to ground in steady state after switch S is closed?
(c) How much charge flows through switch S from a to b after it is closed ?

A capacitor of capacitance C charged by battery atV volt and then disconnected. Att =0, itis connected
to an uncharged capacitor of capacitance 2C through a resistance R. The charge on the second capacitor

. . . . acv 1 _[ﬁTtC i o
as a function of time is given by q = 3| € . Find the value of - .

p
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16. Two square metal plates of side 1 m 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 500 V. The plates are then lowered vertically into the oil at a speed of 0.001 ms™. The
current drawn from the battery during the process is n x 10° A. Find n? (Dielectric constant of oil = 11),
(,=8.85x10"C>*N"m™) [JEE- 1994; 6M]

PART - 1ll : ONE OR MORE THAN ONE CORRECT OPTIONS

1. When a charged capacitor is connected with an uncharged capacitor, then which of the following is/are

correct option/options.

(A) the magnitude of charge on the charged capacitor decreases.

(B) a steady state is obtained after which no further flow of charge occurs.
(C) the total potential energy stored in the capacitors remains conserved.
(D) the charge conservation is always true.

w2. In the figure shown the plates of a parallel plate capacitor have unequal charges. 20 -Q
Its capacitance is 'C'. P is a point outside the capacitor and close to the plate of
charge —Q. The distance between the platesis'd'. )
(A) A point charge at point 'P" will experience electric force due to capacitor

s ) 3Q
(B) The potential difference between the plates will be 2C
9Q2
(C) The energy stored in the electric field in the region between the plates is BC
2
(D) The force on one plate due to the other plateis ———>
2TC eo d

3. 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?

. : 3Q
(A) The charge on the inner face of B is now ———
(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 Ais now Q/2.
w4, 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 7
the help of a switch S. ﬁ

(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.
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5.

8.

Four capacitors and a battery are connected as shown. The potential drop across the 7 uF capacitoris 6 V.
Then the :

uF

1
1 TuF
“3.9uF I
T T

A) potential difference across the 3 uF capacitoris 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 capacitoris 10 V.

Rows of capacitors containing 1,2,4.8,.......... w0 capacitors, each of A__ Rowt 1 B
capacitance 2F, are connected in parallel as shown in figure. The potential i "

. Row2 1 [
difference across AB = 10 volt, then:
(A) Total capacitance across AB is 4F Row3— FHFH
(B) Charge of each capacitor will be same i

(C) Charge on the capacitor in the first row is more than on any other capacitor
(D) Energy of all the capacitors is 50 J

In an isolated parallel plate capacitor of capacitance C the four surfaces have charges Q,,Q,,Q; and Q,
as shown in the figure. The potential difference between the plates is :

Q, Q,

Q,+Q,

Q Q;
(A ~5 (B) <

C (D) %[(Q1 +Q;)-(Q3 -Qy)l

e
o (c)

In the circuit shown in figure, each capacitor has a capacitance C. The emf of the cell is E and circuit
already in steady state. If the switch S is closed.

C S/,

@

@

E
=
f

+|
I
(A) some positive charge will flow out of the positive terminal of the cell

(B) some positive charge will enter the positive terminal of the cell
(C) the amount of charge flowing through the cell will be CE

4
(D) the amount of charge flowing through the cell will be [gj CE
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9.

10.

»11.

12.

The figure shows a diagonal symmetric arrangement of capacitors and a battery. If the potential of C is
zero, then (All the capacitors are initially uncharged).

4uF _ 2uF
g 20F P ayF °
-
E=20V
(A)Vy=+20V (B) 4(V, — Vg) + 2(Vp — V) = 2V
(C) 2(V5—Vp) + 2(Vg = Vp) = 4V, (D) V, = Vg + V,

In the adjoining diagram all the capacitors are initially uncharged, they are connected with a battery as a
shown in figure. Then:

V, +V;
(A)Q,=Q,+Qand V=V +V, (B) Q1=Q2+Qaandv=v1+T
C)Q,=Q,+QandV =V, +V, (D) Q,=Q, andV=V,+V,

Two capacitors of 2 uF & 3 uF are charged to 150 volt & 120 volt respectively. The plates of a capacitor
are connected as shown in the fig. A discharged capacitor of capacity 1.5 uF falls to the free ends of the
wire and connected through the free ends of the wire, Then :

1.5 uF

o—]{F—o

_ +
3uF Z7120V 150V == 2pF

(A) Charge on the 1.5 uF capacitor will become 180 uC at steady state.
(B) Charge on the 2 uF capacitor will become 120 uC at steady state.
(C) Positive charge flows through point A from left to right.

(D) Positive charge flows through point A from right to left.

Two similar condensers are connected in parallel and are charged to a potential V.
Now these are separated out and are connected in series. Then A | | B
Cc ¢C

(A) the energy stored in the system increases

(B) the potential difference between end points may becomes zero.
(C) the potential difference between end points may becomes 2V.
(

D) the charge on the plates mutually connected nullifies.
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13.

14.

15.

»16.

In the circuit shown in figure the switch S is closed at t = 0.

A long time after closing the switch
(A) voltage drop across the capacitoris E

E
(B) current through the battery is R,+R, +R;

c in th I lC (R +R3)E
(C) energy stored in the capacitor is 2 | R, +R, +R,

(D) current through the resistance R, becomes zero

Capacitor C, of the capacitance 1 microfarad and capacitor C, of capacitance 2 microfarad are separately
charged fully by a common battery. The two capacitors are then separately allowed to discharge through
equal resistors at time t = 0.

(A) the current in each of the two discharging circuits is zero at t = 0.

(B) the current in the two discharging circuits at t = 0 are equal but non zero.

(C) the current in the two discharging circuits at t = 0 are unequal

(D) capacitor C, loses 50% of its initial charge sooner than C, loses 50% of its initial charge

The terminals of a battery of emf V are connected to the two plates of a parallel plate capacitor. If the
space between the plates of the capacitor is filled with an insulator of dielectric constant K, then :

(A) the electric field in the space between the plates does not change
(B) the capacitance of the capacitor increases

(C) the charge stored in the capacitor increases

(D) the electrostatic energy stored in the capacitor decreases

The plates of a parallel plate capacitor with no dielectric are connected to a voltage source. Now a
dielectric of dielectric constant K is inserted to fill the whole space between the plates with voltage
source remaining connected to the capacitor.

(A) the energy stored in the capacitor will become K-times
(B) the electric field inside the capacitor will decrease to K-times
(C) the force of attraction between the plates will increase to K2 —times

(D) the charge on the capacitor will increase to K-times
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»17.

»18.

19.

On a parallel plate capacitor following operations can be performed.
P — connect the capacitor to a battery of emf V

Q —disconnect the battery

R —reconnect the battery with polarity reversed

S —insert a dielectric slab in the capacitor

(A) In PQR (perform P, then Q, then R), the stored electric energy remains unchanged and no thermal
energy is developed

(B) The charge appearing on the capacitor is greater after the action PSQ then after the action PQS
(C) The electric energy stored in the capacitor is greater after the action SPQ then after the action PQS
(D) The electric field in the capacitor after the action PS is the same as that after SP

The charge on capacitor in two different RC circuits 1 and 2 are plotted as shown in figure.

Choose the correct statement(s) related to the two circuits.

(A) Both the capacitors are charged to the same magnitude of charge

(B) The emf's of cells in both the circuits are equal.

(C) The emf's of the cells may be different

(D) The emf E, is more than E,

The instantaneous charge on capacitor in two discharging RC circuits is plotted with respect to time in

figure. Choose the correct statement(s) (where E, and E, are emfs of two DC sources in two different
charging circuits and capacitors are fully charged).

q
qmax ’]
2
0 t
R, C
(A)R,C, >R,C, (B) R—;<C—j (C)R,>R,if E,=E, (D)C,>C,ifE,=E,
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w»20. A parallel plate capacitor has a dielectric slab in it. The slab just fills the space inside the capacitor.
The capacitor is charged by a battery and the battery is disconnected. Now the slab is started to pull
out uniformly at t = 0. If at time t, capacitance of the capacitor is C, potential difference across plate is
V, and energy stored in it is U, then which of the following graphs are correct ?

f f / f f
O ® " ©" © °
t —

t—> V—> cC—

21, A parallel plate capacitor of plate area A and plate separation d is charged to a potential difference V &
then the battery 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 the charge on each plate, the magnitude of the electric field between the plates (after the slab is

inserted) & the magnitude of the work done on the system, in the process of inserting the slab, then :
[JEE 1997, 2M]

AV e KAV \Y; eqAV?2 1
(A) Q:eo_ -0 " _%o (1 j

q (ByaQ-= d (C)E=@ (D)W = >d K

PART - IV : COMPREHENSION

Comprehension #1

Capacitor C, in the circuit is a variable capacitor (its capacitance can be varied). Graph is plotted
between potential difference V, (across capacitor C,) versus C,. Electric potential V, approaches on
asymptote of 10 V as C; — .

10
J_ 8
C 5 -
—— V V1 (V)
C, C, 4 /’
2

072 4 6 8 10 12

ColuF)
w1. EMF of the battery is equal to :
(A)10V (B)12v (C)16V (D)20V
w2. The capacitance of the capacitor C, has value :
(A)2 uF (B)6 uF (C)8uF (D)12uF
3. The capacitance of C, is equal to :

(A)2 uF (B)6 uF (C)8uF (D) 12 uF
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Comprehension # 2

6.

In the shown circuit involving a resistor of resistance R Q, capacitor of capacitance C farad and an ideal
cell of emf E volts, the capacitor is initially uncharged and the key is in position 1. At t = 0 second the
key is pushed to position 2 for t; = RC seconds and then key is pushed back to position 1 fort, = RC
seconds. This process is repeated again and again. Assume the time taken to push key from position
1 to 2 and vice versa to be negligible.

AW
R
CcC——
2 E
—
K\l 1
The charge on capacitor at t = 2RC second is
L) e e
(A) CE (B) CE o (C)CE e o2 (D) CE e o2
The current through the resistance at t = 1.5 RC seconds is
E 1 E 1 E 1 E 1
—(-— —(1-— —(1-— —(1-—
(A 2z 1-35) B) or1 %) (©) g1-2) 0 r" e

q q
©) I/\/\/\ D) I/W\
t t t

I £xercise 3 I

PART -1 : JEE (ADVANCED) / IIT-JEE PROBLEMS (PREVIOUS YEARS)

* Marked Questions are having more than one correct option.

1.

Attime t=0, a battery of 10 V is connected across points A and B in the given circuit. If the capacitors have
no charge initially, at what time (in seconds) does the voltage across them become 4 V?

[Take : /n5=1.6, /n 3 =1.1] [JEE' 2010 ; 3/163]

2MQ 2uF

2MQ 2uF
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2,

4>

wb5.*

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 [JEE' 2010 ; 3/160, 1]

1 2
®\f/s>
V —— —
2uF 8uF
(A) 0% (B)20% (C)75% (D) 80%

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 +80uC

capacitor is : [IT-JEE-2012, Paper-2; 3/66, —1] AuF
(A)+32uC T
(B)+40uC 2uF —— —— 3uF
(C)+48 uC

(D) +80 uC 1

In the circuit shown in the figure, there are two parallel plate capacitors each of 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 S, is pressed. After some time.[JEE Advanced 2013]

(A) the charge on the upper plate of C, is 2CV,

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

S

>

S

%/

2V, —

(C) the charge on the upper plate of C,is 0

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

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 Q, and the rest of the area gets charge Q,. Choose the correct option/options, igonoring edge

effects. [JEE Advanced 2014, P-1; 3/60]
Ey E_1 Q3 C _2+K
A E, ~ B E, "k ©)q, "k ®)¢, "k
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6. A parallel plate capacitor having plates of area S and plate separation d, has capacitance C, in air. When two
dielectrics of different relative permittivities (e, = 2 and ¢, = 4) are introduced between the two plates as shown

CZ
in the figure, the capacitance becomes C,. The ratio E is :- [JEE Advanced 2015]
1

d2

A § B > C ! D !
(A) ¢ B) 3 ©) 5 (D) 3
7. In the circuit shown below, the key is pressed at time t = 0. Which of the following statement(s) is(are) true?

[JEE Advanced 2016]

40uF \/ 25kQ)

&)
W
S
~
o
[\
S
=
[Ss]

N + =
Key 5V
A) The voltmeter displays —5V as soon as the key is pressed, and displays +5V 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

PARAGRAPH-1
Consider a simple RC circuit as shown in figure 1.

Process 1 : In the circuit the switch S is closed at t = 0 and the capacitor is fully charged to voltage V, (i.e.,
charging continues for time T >> RC). In the process some dissipation (E ) occurs across the resistance R.
The amount of energy finally stored in the fully charged capacitor is E....

v
Process 2 : In a different process the voltage is first set to ?0 and maintained for a charging time

2v
T >>RC. Then the voltage is raised to TO without discharging the capacitor and again maintained for a

time T >> RC. The process is repeated one more time by raising the voltage to V, and the capacitor is
charged to the same final voltage V as in Process 1.
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These two processes are depicted in Figure 2.

V A
Process 1 -
VO 7 E 7
A
S — 2V/3 1 —>—
R v.,/31 Process 2 4‘ T >>RC
\% (@ —
| | >
T 2T t
Figure 1 Figure 2
8. In Process 1, the energy stored in the capacitor E . and heat dissipated across resistance E  are related by:-
1
(A)E.=E, (B)E.=2E, (C)E,= 5 E, (D) E,=E,In2
9. In Process 2, total energy dissipated across the resistance E; is :-
L Loy 3 Lo Loy :
(A)E, = g E 0 (B)Ey = E 0 (C)E,= 5 0 (D) E,=3CV,
10. Three identical capacitors C,, 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 € . The cell electromotive force (emf) V= 8V. First the switch S, is closed
while the switch S, is kept open. When the capacitor C, is fully charged, S, is opened and S, is closed
simultaneously. When all the capacitors reach equilibrium, the charge on C, is found to be 5uC. The value

of e. [JEE Advanced 2018]
Vi—= S, l
— OX
G
S\
T
1. In the circuit shown, initially there is no charge on capacitors and keys S, and S, are open. The values

of the capacitors are C, = 10 pF, C, = 30 uF and C, = C, = 80 pF.
[JEE Advanced 2019]

S,
/. p (|34 5V 30Q
S,
C,—— CZJ_ C,——
30Q
700
T lov AVAVAVAVAV
Q 100Q

Which of the statement(s) is/are correct ?
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12.

(A) The keys S, is kept closed for long time such that capacitors are fully charged. Now key S, is closed,
at this time, the instantaneous current across 30 Q resistor (between points P and Q) will be 0.2
A (round off to 1% decimal place).

(B) If key S, is kept closed for long time such that capacitors are fully charged, the voltage difference
between points P and Q will be 10 V.

(C) Attime t = 0, the key S, is closed, the instantaneous current in the closed circuit will be 25 mA.

(D) If key S, is kept closed for long time such that capacitors are fully charged, the voltage across the
capacitors C, will be 4V.

A parallel plate capacitor of capacitance C has spacing d between two plates having area A. The region

. d
between the plates is filled with N dielectric layers, parallel to its plates, each with thickness & = N :
. . th . m 3 .

The dielectric constant of the m" layer isK,, = K[’I +ﬁj . For a very large N (> 10°), the capacitance
Key A
Cis & dﬂT . The value of a will be . [€, is the permittivity of free space]

[JEE Advanced 2019]

PART - Il : JEE(MAIN) / AIEEE PROBLEMS (PREVIOUS YEARS)

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]

(M1 (2) (3) (4)2

1
4

N =

Aresistor '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. (log, 2.5 = 0.4) [AIEEE 2011; 4/120, -1]
(1)1.3%x104Q (2)1.7x10°Q (3)2.7 x10°Q2 (4)3.3x10"Q

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. Itis 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 combina-
tion the time needed for reducing the voltage of the fully charged series combination by half is :

[AIEEE 2011, 11 May; 4/120, —1]

(1) 10 second (2) 5 second (3) 2.5 second (4) 20 second
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4,

w7.

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]

25 ‘\
20¢—

Potential difference
V in volts

N
(1) 150 sec and 200 sec 15 \\
10
(2) 0 and 50 sec \'\
> T\?\.
(3) 50 sec and 100 sec 0

50 100 150 200 250 300

(4) 100 sec and 150 sec o
Time in seconds ———»

Two capacitors C, and C, are charged to 120 V and 200 V respectively. It is found that by coing them together
the potential on each one can be made zero. Then : [JEE Main 2013; 4/120, -1]

(1)5C,=3C, 2)3C,=5C, (3)3C,+5C,=0  (4)9C,=4C,

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 Main 2014; 4/120, —1]
(1) 6 % 1077C/m? (2) 3% 107C/m? (3) 3 x 10*C/m? (4) 6 x 10*C/m?
In the given circuit, charge Q, on the 2uF capacitor changes as Cis varied IIMIF
from 1uF to 3uF. Q, as a function of 'C' is given properly by : (figures are C v
drawn schematically and are not to scale) :- [JEE Main 2015; 4/120, —1] I .
2uF
Charge Charge
4 4 |
| I
g ) E
(1) ; 2) ;
’ L sc 5 L C
IufF  3uF IufF  3uF
Charge Charge
4 4
Q. / Q. /
3) i (4) : .
5 Lsc : sc
1uF 3uF 1uF 3uF
A combination of capacitors is set up as shown in the figure. The magnitude 3 uF
of the electric field, due to a point charge Q (having a charge equal to the 4 uF i|
sum of the charges on the 4 pyF and 9 uF capacitors), at a point 30 m from 1 9 uF
I
it, would equal: [JEE Main 2016; 4/120, —1] 2 uF y
|
(1) 480 N/C (2)240N/C | .
1=

(3) 360 N/C (4) 420 N/C Y
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9.

10.

1.

w12.

13.

14.

Three capacitors each of 4 uF are to be connected in such a way that the effective capacitance is 6 pyF. This

can be done by connecting them : [JEE Main online 2016]
(1) two in parallel and one in series (2) allin parallel
(3) two in series and one in parallel (4) allin series
Figure shows a network of capacitors where the numbers indicates C| |1|
capacitances in micro Farad. The value of capacitance C if the A f J_ 1 J_
equivalent capacitance between point Aand Bisto be 1 uF is :- ] 6 —4
[JEE Main online 2016] h |—_| -
12
2 2
33 34
1) —uF 2) —uF
(1) 334 @ Su LTI "
31 32
—uF 4) —uF
(3) 3 M (4) 5
In the given circuit diagram when the current reaches steady state in the circuit, the charge on the capacitor
of capacitance C will be : [JEE Main 2017; 4/120, 1]
E T
— —w—
I-l
_| |—W—
C
MWW
rz
I, I 5
(1) CE (2) cE— (3)CE (4) CE
(r+r,) (1, +r) (r,+1)

A capacitance of 2 uF is required in an electrical circuit across a potential difference of 1.0 kV. Alarge number
of 1 uF capacitors are available which can withstand a potential difference of not more than 300 V. The

minimum number of capacitors required to achieve this is : [JEE Main 2017; 4/120, -1]
(1)24 (2)32 (3)2 (4)16
A parallel plate capacitor of capacitance 90 pF is connected to a battery of emf 20V. If a dielectric material

5
of dielectric constant K = 3 is inserted between the plates, the magnitude of the induced charge will be :-

[JEE Main 2018; 4/120, —1]
(1)0.3nC (2)2.4nC (3)09nC 4)12nC

A parallel plate capacitor with square plates is filled with four dielectrics of dielectric constants K., K, K,, K,
arranged as shown in the figure. The effective dielectric constant Kwillbe : [JEE Main 2019; 4/120, —1]

K, i K, |L2
K, i K, |L2
..d/2->l<-d/2.>
K, +K))(K;+K K, +K,))K,+K
(1) K= ( 1 2)( 3 4) (2) K= ( 1 2)( 3 4)
2K, +K, +K, +K,) X, +K, +K, +K,)
K, +K)K, +K
3) K= (K, +K,)(K, *K,) (4) None of these

2(K, +K, +K, +K,)
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15.

16.

17.

18.

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.

1
2

A
)
v

Capacitance of this capacitor is : [JEE Main 2019,Jan.; 4/120, —1]
lkeya’ keoa21 K ke a’ InK 4 ke a’
M3 ) n ®) d4(k-1) ) 2d(K +1)

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,Jan.; 4/120, -1]
(1)692 pJ (2) 60 pJ (3) 508 pJ (4) 560 pJ
A parallel plate capacitor is of area 6 cm? and a separation 3 mm. The gap is filled with three dielectric
materials of equal thickness (see figure) with dielectric constants K, = 10, K, = 12 and K, = 14. The dielectric

constant of a material which when fully inserted in above capacitor, gives same capacitance would be :
[JEE Main 2019,Jan.; 4/120, -1]

(1) 12 (2)4 (3)36 (4) 14

In the figure shown below, the charge on the left plate of the 10 LF capacitor is —30 pC. ? The charge on

the right plate of the 6 UF capacitor is : [JEE Main 2019,Jan.; 4/120, -1]
1
6pF
— —
IOMF 1L 2MF
“4uF

(1)-18 uC (2)-12 uC (3) +12 uC (4) +18 uC
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19.

20.

21.

22,

The charge on a capacitor plate in a circuit, as a function of time, is shown in the figure:

What is the value of current att =4 s ? [JEE Main 2019 Jan.; 4/120, -1]

4t(s‘) 6 8
(1) 3pA (2) 2pA (3) zero (4) 1.5pA

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: [JEE Main 2019 Jan.; 4/120, —1]

3Q° 1Q° 5Q°
g e “3c

QZ

3
(1) T C

Determine the charge on the capacitor in the following circuit :  [JEE Main 2019, April.; 4/120, —1]

72V = 10pF

(1) 2uC (2) 60pC (3)200uC (4) 10uC

The parallel combination of two air filled parallel plate capacitors of capacitance C and nC is connected to
a battery of voltage, V. When the capacitors are fully charged, the battery is removed and after that a dielectric
material of dielectric constant K is placed between the two plates of the first capacitor. The new potential

difference of the combined system is :- [JEE Main 2019, April.; 4/120, -1]
1 A" oV (n+1)V 4 nV
D in @ (K+n) W n



JEE (Adv.)-Physics Capacitance

23.

Two identical parallel plate capacitors, of capacitance C each, have plates of area A, separated by a distance
d. The space between the plates of the two capacitors, is filled with three dielectrics, of equal thickness and
dielectric constants K,, K, and K;. The first capacitor is filled as shown in fig. |, and the second one is filled
as shown in fig. Il.

If these two modified capacitors are charged by the same potential V, the ratio of the energy stored in the
two, would be (E, refers to capacitor (I) and E, to capacitor (I1)) :

[JEE Main 2019, April.; 4/120, -1]

877

N

) E, _ KKK,
E, (K,+K,+K,) (KK, +K,K,+KK,)

(2) 5 _ KKKy

E, (K,+K,+K,) (KK, +K,K,+KK,)

(@ Er - (KK +KQ) (KK +KK +KK;)
E KKK,

2

@y Er - (KK +KQ) (KK +KHK +KK;)
E 9K KK,

2
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Exercise # 1

a)4000 pC, 2000 uC

(b) 2000 uC
PART -1 (c) work is done on the battery, 20 mJ
Section (A) : (d)y30mJ
A-1. 068 (€)10mJ
A2. (i)6V (if) 90 pJ Section (C) :
C-1. (i)20 uC, 40 uC, 60 uC
YO R AVANN S R-AINE o L
3 3t Qo 2 (ii) 2400 pJ
(iii) 1200 pJ
80 160
(d) quF 3 C Q10;1F T C 32
C-2. 9 C-3. F
23"
q2
A-3. KegA C-4. (a)five 2 uF capacitorsin series
(b) 3 parallel rows; each consisting of five 2.0 uF
< o capacitors in series
A4. - 107 kg=4.425¢
9 C-5. (a)700/3V ateach point (b) zero
C6. (a)10uF, (b)10uF, (c)10pF
q%(x—x4) € sz(xi‘xij
A5 (i) —2 ii)- 2 C-7. 4uC,16uC, 12 uCand 32 uC, 1A.
2¢4S 2
C-8. (a)Ce/2, (b)-Cs, (c) Ce/2
Section (B) :
(d)Ce%4  (e)Ce¥4
B1. 7 B-2. V =20V
C9. 12uC
B-3. 6V, 34V
Section (D) :
B4. (a)¢ (b) % ©c (@ Ce .
D-1. nG/2) F =0.25pF
82 82
(e) R (f) R D-2. q=20x10%(1—-e?)e?=23355uC
D-3. (i) (@)10s (b)2uC (c) 10 In2 = 6.93 sec.
1
B-5. 5(4)( 10 6) (12)2J=0288 mJ (ii) q=(2 e )MC: 1.348 x 108 C
D4. 225
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D-5. 40(1-e?)e?pn) =4.7 pJ.
(1-eemni=a PART - Il
Vot
N Section (A) :
D-6. t 2t 3t % A1. (D) A2. (D) A3. (A
N A4. () © (i) O (iii)  (©)
(iv) (©)
A5. (B,C) A6. (B)
Section (E) : .
Section (B) :
E-1. (i) 20e,= 180 pF (i) 5.4 x 107 C
B-1. (B) B-2. (D) B-3. (C)
(iii) 540 pF (iv) 3
B4. (C) B-5. (C) B6. (C)
(v)27x10"2C3*N'm=2  (vi) 3x10°V/m
y Section (C) :
(vii)1x10%V/m
c1. (B c2 (C c3. (B
256 A (B) ©) (B)
B2 174 c4. (D) c5 (C) c6. (C)
C7. (© c8. (D) c9. (A
3 c--A L2 3 o dd
T Ty, d T3 U T 277 T g A | Section (D) :
DA. (i) (A) i) (B)
E-4. EZVEO =g=0.62 m? b2 @i © (&)
(ii))  (C) (iv) (C)
E o ~ . N
e E_;=E(1+k)’ Aq % c % D3. C) D4. (i) (A (i) (©
D5. () B (i) (©) (i) (A
3 D-6. (C)
E6 —dJ E-7. p=1/eeln2=14x10"Q.m.
4 Section (E) :
c E1. (B E2 (C E3. (C
Ba 5o |Ko— 1" (<~ ® © ©
S E4. (A E-5. (A E-6. (A
2bm E7. (C) E-8. (B) E-9. (B)
E-9. 4,/m.
PART - Il
1. (A)-»p;B)>r;(C)—>q;(D)—>p

(A)—>PQ,R; (B)—>Q,S,T;(C)—> ST, (D)>PR

(A) > p.a,;s (B) > p.rs (C) = p,g (D) —p,r
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Exercise # 2 16. (A,C,D) 17. (B,C,D) 18. (A,C)
19. (AC) 20. (ABCD) 21. (A C,D)
PART -1
LW o2 ® 3% 0 O @ @ PART -V
. ® 5 O 6 © 1. @ 2. (© 3. @
7.0 © M ® 8 O O > O ¢ ©
0. A 10. O M. @ Exercise # 3
12. (i) (A) (@) ©O) (i) (B) PART - 1| :
B0 @ @m0 1. t=2sec 2. (D) 3. (©
14. (&) 15. (A) 16. (D) 17. (A) . ®D) 5 AD) & O
18. (®) 19. (B) 20. (B) 21. (B) . mBCD) B @ o @
2. B 10. 1.50 1. (C,D)
PART - I 12.  (0.99t01.01)
1. 5 2 3 3. 2 PART - Il
4 @ 5 () 10V 5. 24V - 2 @ -
6. 9 7. 6uC 8. 750 R - 6. ()
. X 10. 1 7. @ 8. (4 % (3
" UsE@+3n+nf)=10V 10. (@) 1. () 12. @
2. =200 13 1 13, @ u. @ 15 @)
1. (2)-6.00V;  (b)6.00V; (c)-54uC 6. © 7. M 18 @
5 1 6 4 19. (3) 20. (1) 2. (3)
2. (3 23. (1)
PART - lll
1. (ABD) 2 (ABC) 3. (ABCD)
4. (ABCD) 5 (B,C,D) 6. (AC)
7. (B.C) 8. (AD) 9. (ABCD)
10. (AB,C) 1. (AB,C) 12 (BC)
13. (B,C,D) 14. (B,D) 15. (A B,C)
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] RANKER PROBLEMS e

SUBJECTIVE QUESTIONS

1. Three long concentric conducting cylindrical shells have radii R, 2R and 2\6 R. Inner and outer shells are
connected to each other. Find the capacitance across middle and inner shells per unit length?

2. Six 1 uF capacitors are so arranged that their equivalent capacitance is 0.70 uF. If a potential difference
of 600 volt is applied to the combination, what charge will appear on each capacitor?

3. A capacitor is made of a flat plate of area A and a second plate having a stair-like structure as shown in figure.
The width of each stair is a and the height is d. Both plates have the same width perpendicular to plane of
paper. Find the capacitance of the assembly.

K] S Ch

5a

4, The circular plates A and B of a parallel plate air capacitor have a diameter of 0.1 mandare 2x 103 m
apart. The plates C and D of a similar capacitor have a diameter of 0.12 m and are 3 x 10-3 m apart.
Plate A is earthed. Plates B and D are connected together. Plate C is connected to the positive pole of
a 120 volt battery whose negative is earthed. Calculate [REE - 98,5]

(i) The combined capacitance of the arrangement and
(ii) The energy stored in it.
5. (@) Find the current in the 20 Q resistor shown in figure.

(b) If a capacitor of capacitance 4uF is joined between the points A and B, what would be the electrostatic
energy stored in it in steady state ?

100 A 10Q

5V 200 5V

T
B

6 4.0uF 8.0uF
) |
|

S 210V

/_{I

(i) Find the total charge flown through the battery in the arrangement shown in figure after switch S is
closed (initially all the capacitors are uncharged).

(i) Find out final charge on each capacitor.
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7. The capacitance of a parallel plate capacitor with plate area A and separation d, is C. The space between the
plates is filled with two wedges of dielectric constant K, and K, respectively (figure). Find the capacitance of
the resulting capacitor. [JEE-1996; 2M/100]

A
A
K,
d
K]
A\ 4
8 Find the equivalent capacitance of the combinations shown in the figure between the indicated points.
2uF 4uF
—
8uF
e
8uF
Ty
/l 1!
4pF 2uF
6uF

9. A finite ladder circuit is constructed by connecting several sections A.__)“| Nial o (_S)HF
of 6 uF, 8 uF capacitor combinations as shown in the figure. Circuitis ! 1
terminated by a capacitor of capacitance C. Find the value of C, such _L 8uF_| BWF | BuF c
that the equivalent capacitance of the ladder between the points A

and B becomes independent of the number of sections in between? B¢ - -

10. Find the charge flown through the switch from A to B when it is closed.

3uFJ‘ J— IOVJ_ J—

3uF 6uF
SVFI | » ;l; ue
6uF A B _|

5V ==6uF
L i T

1. A spherical capacitor is made of two conducting spherical shells of radii a and b = 3a. The space between the
shells is filled with a dielectric of dielectric constant K = 3 upto a radius ¢ = 2a as shown. If the capacitance
of given arrangement is n times the capacitance of an isolated spherical conducting shell of radius a. Then
find value of n.

12. 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 uncharged.
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13.

14.

15.

16.

17.

The figure shows two identical parallel plate capacitors connected to S'E
a battery with the switch S closed. The switch is now opened and the

free space between the plates of the capacitors is filled with a
dielectric of dielectric constant (or relative permittivity) 3. Find the 4

ratio of the total electrostatic energy stored in both capacitors before —V A__C B_-C
and after the introduction of the dielectric. [JEE 1983; 6M]

A capacitor is composed of three parallel conducting plates. All three plates d, d,

are of the same area A. The first pair of plates are kept a distance d, apart,

and the space between them is filled with a medium of a dielectric K, . The K, K,
corresponding data for the second pair are d, and K, , respectively. The middle =

plate is connected to the positive terminal of a constant voltage source V and
the external plates are connected the other terminal of V.

(a) Find the capacitance of the system.

(b) What is the surface charge density on the middle plate ?
(c) Compute the energy density in the medium K. .

Two parallel plate capacitors Aand B have the same separation d = 8.85 x 10-* m between the plates. The
plate areas of Aand B are 0.04 m2 and 0.02 m? respectively. A slab of dielectric constant (relative permittivity
K = 9) has dimensions such that it can exactly fill the space between the plates of capacitor B.

[JEE 1993, 2+3+2=7 Marks]

A ‘ B A B
il ﬁm

S | I

(a) (b) (c)

(i) The dielectric slab is placed inside A as shown in the figure (a). A is charged to potential difference
of 110 V. Calculate the capacitance of A and energy stored in it :

(i) The battery is disconnected and then the dielectric also slab is moved from A. Find the work done
by the external agency in removing the slab from A.

(iii) The same dielectric slab is now placed inside B, filling it completely. The two capacitors A and B
are then connected as shown in the figure (c) . Calculate the energy stored in the system.

A potential difference of 300 V is applied between the plates of a parallel plate 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 :

(i) Intensity of electric field in each layer.
(ii) The drop of potential in each layer.
=6,k =2

paraffin

(iii) Surface charge density on the capacitor. Given that : k

glass

Calculate the capacitance of a parallel plate condenser, with plate area A and distance between plates

d, when filled with a dielectric whose dielectric constant varies as; [REE 2000,6]
Bx d B d
K(x)—1+eo 0<x <3 K(x)—1+eo (d —x) 5 <x<d

For what value of B would the capacity of the condenser be twice that when it is without any dielectric?
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RANKER PROBLEMS

1. 6::‘ ;0 2. 420 uC onone, 180 uC ontwo, 60 uC on remaining 3 capacitors

3. % 4. () 30:960 ~17pF (i) 122.4 nJ

5. (@) %A (b)32ud 6. (i) 240 uC (i) Q,=80pC, Q=160 uC
7 . EZKiT(Z In % where C = eodA 8. gpF

9. 12 uF 10. 69 mC 1. n=3

12, = %[1—%{““) 13, %

K2
14. (@) e A d—1+g

2
Q1_ K»]EOA X=K1€0V Q _ K2€0A X=K2€0V €0K1V

A9 Ja A :
15. (i) 2nF, 12.1pd (ii) 48.4pJ (i) 1M1pd
16. (i) 1.5 x 10* V/m, 4.5 x 10* V/m, (i) 75V, 225V, (iii) 8 x 107 C/m?
A d
17. C=—Bd, Bd =4e n (1+2B—€J
2ﬁ,n[1+6] 0
<o

Solution of this equation gives required value of 3.
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B seLF ASSESSMENT PAPER [

JEE (ADVANCED) PAPER-1
SECTION-1 : ONE OPTION CORRECT (Maximum Marks - 12)

1. 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:

(A) 5 C(V,2-V;2) (B) 5 C(V,2+ V)
1 2 1 2
(C) 4 C(Vy-Vy) (D) 5 C(V;+Vy)
2. The potential difference between the points P and Q in the adjoining circuit will be-
C1 P Cz
—
]
C, = .G
E
(C,C4 -CyC3)E B C,C3E
(C1+C4)(Cz +Cy) ®)cc.(ca+cy)
(C5C5 ~CiCy)E oy (C2C3~CiC)E
(C1+C2)(Cs +Cy) O e+ vci+Cy)
3. A parallel plate capacitor C with plates of unit area and separation d is filled with a liquid of dielectric constant

d
K =2. The level of liquid is 3 initially. Suppose the liquid level decreases at a constant speed V, the time

constant as a function of time t is

Figure:
C b e——
| R
{3
|
|
680R (15d+9Vt)80R
(A) 5d+3vt (B) 242 —3gvi-ov22
65oR (15d—9V1) go R

(C) 5d—3vit (D) 242 1 3dvit-9v22
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4, 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 IiE C
C C C
A—| | —p
1 2
A KCEf BtoC B KCEf CtoB
()K+1rom (o] ()K+1rom (o]
(K-1CE (K-1)CE
(C) —2(K+1) fromBtoC (D) —2(K+1) fromCtoB

SECTION-2 : ONE OR MORE THAN ONE CORRECT (MAXIMUM MARKS - 32)

5. In the circuit shown in figure 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', ascharges onC, and C,and V, and V, as voltage respectively. Then

KI KZ

~
.
N

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

6. 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 pF respectively. The potential difference V, — Vg is 5V

| | | |
Ao— | | B
G

(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 C,,.



JEE (Adv.)-Physics Capacitance

7.

10.

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.

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.

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 E2C(k — 1) is absorbed by the cell.

(C) the energy stored in the capacitor is reduced by E2C(k — 1)

1
(D) the external agent has to do E E2C(k — 1) amount of work to take the slab out.

A capacitor of capacity C is connected to a battery of emf V. 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 slabis C )V, (K—-1)

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

K(C,V,)*

(C) Force of attraction between plates of capacitoris —(— —
2¢, A

8V, (k—1)°

(D) Net field due to induced charges in dielectric slab is
Ke, A
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1. For a charged parallel plate capacitor shown in the figure, the force experienced by an alpha particle will

be :

e C
B
° A

(A) maximum at C (B) zero atA (C)sameatBandC (D)zeroatC

12. We have a combination as shown in following figure. Choose the correct options :
—| 1 Il
90V _20uF C,=30uF C,=154F J:—

(A) The charge on each capacitor is 600 nC

(B) The potential difference between the plates of C, is 30 V

(C) The potential difference between the plates of C, is 20 V

(D) The potential difference between the plates of C, is 40 V

SECTION-3 : NUMERICAL VALUE TYPE (Maximum Marks - 18)
13. A capacitor of capacitance 10 uF is connected to a battery of emf 2V.It is found that it takes 50 ms for the

charge on the capacitor to become 12.6 nC. Then the resistance of the circuitin kQ is : (Take 1/e = 0.37)
14. Four capacitors of capacitance 10 uF and a battery of 200V are arranged as shown. If the charge flows

through AB after the switch S is closed is n x 10-® C. Find n?

S
|1
B Al

15. In the transient circuit shown, if the time constant of the circuit is xRC. Find x:
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16. 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 Xin p Cis :-

3pF 6pF

5

{)
\/
w

oL
<

17. 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 :-

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

3C;1kV - 2C;2kV
1]

————{—
7C;1kV  3C;2kV
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ANSWERS TO SELF ASSESSMENT PAPER

1. () 2. ©) 3. (A) 4. D) 5. (A, C, D)
6. (A, D) 7. (C, D) 8. (B, C) 9. (A, B, D) 10. (A, B)
1. (B,C) 12.  (A,B,C,D) 13.  05.00 14. 0450 15.  01.75

16. 27.00 17. 02.25 18. 25





