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CHAPTER 2: CAPACITANCE AND APPLICATIONS

Test Your Concepts-I
(Based on General Capacitance)

1. The common potential,

V= C1V] + C2V2
Ci+GCy

Here C, =20 uF=20x10°F, V; =500 V
C,=10 uF=10x10° F, V, =200 V

20 x 107 %500+ 10 x 10° x 200
V=
20x107° +10x 107

= V=400V
2. The energy stored in the condenser is given by
u=1cv?
2
where C=100 uF=100x10° F, V=200 V

u:%xmoxw‘ﬁx(zoo)"*:z]

When discharged through a resistor (2 Q) , the whole

energy is dissipated as heat. So, heat produced is given
by

Q=U=2]
3.  When the dial is at 0°, the capacitance of the capacitor
is given by
C, =50 pF=50x10"* F
When dial is at 180°, the capacitance is given by
C, =950 pF=950%10"" F

The potential difference across capacitor C,, is given
by

V,=400V

Charge on capacitor C,is
q=C,V, =950 x 107" x 400

= q=380x107 C

(@) When battery is disconnected the charge remains
the same and so, q=constant. Let V; be the

potential difference across capacitor when dial
reads 0°. Then

1=CV

= 380x107=50x10"%xV,

/- 380x 107

=R 7600V
17 50x 1012

(b) Work required to turn the dial from 180° to 0° is
W = Gain in energy of capacitor

q2 qz _ﬁ(l ]]_QZ(CZQ)

= =t R
2C, 2¢, 2\C, G, 2C,C,

(380%107°)7 (950 - 50) x 10712
2x50%x10™2 x 950 x 10712

= W=1368x10"]

Initial energy stored in the capacitors

1.2, 1 2
U, ==-CVy+-CV
17511 Ty

= u1=%><0.1x102+%czx0=5]

When charging battery is removed, the charge remains
constant. This charge is collected by first capacitor
(¢, =CV;) then redistributed equally in such a way
that their potentials are equal i.e.,

Vi=V;

a_%
G G

Now since, 4; =¢; {given]
= C,=C,=C(say)
Common potential

y=Dtl :_CV1+0:E:5V
G+C C+C 2

So, final energy stored is

uZ =%(C1+C2)V2

= uz=%(2c)v2=cv2=0.1><(5)2=2.51

Y 251
u 5 2
(@) Let the charge on sphere of radius R; be

q:(=q) and that on the sphere of radius R, be
9,(=Q—-q), then the total energy is
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[ ] ]
2
U-u,+u, =10 18
2¢ 2C2
2
__ ¢ Q-9
8megRy  8megR,
For U to be minimum we must have
d
du _
dq
20—
L& 209 ),
SEEGR] SEEORz
L 1_9-1
R, R
= _
q= (R1+R2]Q h
d0o-
i 01 o
1 1 R
(b) Vl 1 ql_ IQ
mey Ry 4mey Ri(R +R,)
- 1 Q
dmey Ry +R,
_ 1 gp_ 1 RQ
dmey R, 4mey Ry(R, +Ry)
= V:L Q
4mey R+ R,
= V,-V,=0

Let V) be the potential of C; after first charging, then
(C + CD )Vl = Cov(]
CoVo
C+G,

Let V, be the potential of C, after second charging
then

= Vl =

CoVy=(C+Cy )V,
2
C+CGy \ C+G C+GC,

and so on
10
G v,
C+Cy

Hints and Explanations H.127

Test Your Concepts-ll (Based on Series and
Parallel Combination of Capacitors)

1. (a)

(b)

1
U=2C(aV) +2C(aVY =C(av

2 2
The altered capacitor has capacitance C’= ¢ . The

total charge is the same as before.

SO! qinitial = l';Jlfinal
’ C ’
= C(AV)+C(AV)-C(AV)+E(AV) o~
= AV’ % E
z B
=540 555 <
3 202 3
(AV) T
= U=4C—— 3 V

The extra energy comes from work put into the
system by the agent pulling the capacitor plates
apart.

Capacitors connected in series.
Initially, capacitance C is

1 1 1 d d
- =

. LI
C G G gA gA
cofh

2d

When the plates are moved in the given manner,
net capacity C” of the system is given by

1 _d-M d+Md
C A gA
gA e,A
o Cl= and C} = 2 }
{ Al O T A
g,A
Cr=20_
2d

Net capacitance remains same as before.

Two identical capacitors C; and C, connected in
parallel. Initially the net capacity of the system is

c=cl+c2=z%

where, A is the area of the plates, and d the dis-
tance between the plates, for both the capacitors.
When the plates are brought closer by Ad in

L Lo gA
one capacitor, its capacity increases to 0

r

whereas the capacity of the second capacitor,
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whose plates are moved away by Ad, decreases to
£A

d+Ad
C’=£0A( 1,1 ]: 2.«30Ad2
d-Ad d+Md) 4 -(Ad)

2¢,A
2
d_(g]
d

We find that C'>C and hence net capacitance
increases.

. Net capacity of the system becomes

= (=

The initial charge on the larger capacitor is
Q=CAV
= Q=(10uF)(15V)=150 uC

An additional charge ¢ is pushed through the 50 V
battery, giving the smaller capacitor charge 4 and the

larger charge 150+¢ (in uC).

i+15DpC+q
5uF 10 4F
= 500 uC=27+150 uC+q

= =117 uC

= 50V=

Across the 5 uF capacitor AV = g 117 S =233V
C 5uF

Across the 10 uF capacitor
_ 150 uC+117 pC

AV =267V
10 uF
2 2
q q
u=-_-= 21— d
@ U 2C; [230A]x1 o

2 2
q q
u = =
f 2C, (ZegA]xz

= We=W=U;-U=——(x,-1)
t f 2¢,A
®) U=icyr=lf &)y
2 2\ x
uy=2cyr=lfadly
2 20 x,
= Wextemal = uf _u-" = 1£0sz(i_i]
2 X, X
2 N

Initially C,(60)=C,(40)
3C] = 2C2

Now, 2 =0+ facross 2 uF
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= (C,(90)=C,(10)+(2)(10) <|3|1
& 9C,=C,+2 I

= 9C2=T+2 E'UF

it
= 25C,=6 1}3“,

= C2=235=0.24p1:

and C,; =0.16 uF
1 1
u= ECPVZ = E(Cl +C2)V2

= 2(G+G)2F =01
= (G +GC,)=5x10" (1)

Similarly %CSVZ =1.6x107

%(%](2)2 =1.6x107
= GG =4x10" ..(2)
Solving equations (1) and (2), we get

C;=40mF and C, =10 mF

g,A
In the figure, C, = —*—
& 173
gA
Cy=—
27 24
£,A
d C, ===
and C, y

A ) C, 3d
B C, 2od
l C; d

Now, C, is short circuited so that C; and C; are in
series.

In series the charge on each capacitor is same.

q

Therefore, potential difference given by V = C across

the capacitors are in inverse ratio of their capacitors.
Hence
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(1)
V=1 =130V and
G
V=1 =100V
G
o G W 10
C, V, 100
= &=E (1)
C, 13

and so the smaller capacitance is C;.
As capacitance of a capacitor is proportional to the
dielectric constant (K), so

New capacitance C; of the first capacitor is
5 Ci Ki 5
Ci=-GC wt=las

2 G K 2

New capacitance of second capacitor C; does not
change, so

C,=C,
5
’ _Cl
5 G 27 510 % (using (1))

¢, C 213 13
If V] and V] are the respective potential differences,
then

W G 13 Q)
v, C 25
Also, V{+ V=230V (3

Solving (2) and (3) , we get
V/=787V and V;=1513 V.

Let d be the separation between the plates of first
capacitor, the separation between the plates of second
capacitor will be [a-(b+d)] .

The capacitances of these capacitors are

g,A
dCy=—"—
27 a—(b+d)

Since the capacitors are in series, so the equivalent
capacitance of the combination C is given by

¢ -t

11,1 1 . 1
C ¢ G (eoA) A
d [a-(b+d)]
S VR N )
C (&A) A
co bl
a-b

10.

11.

Hints and Explanations H.129

This is the required expression for the net capacitance
and is independent of d and hence of the position of
the central H-shaped part.

The given capacitor may be supposed to be formed of a
large number of differential capacitors each connected
in parallel. Consider one such capacitor of width dx
at a distance x from O . The area of each plate of this
small capacitor, dA(=adx) .

Separation between these plates, EF =d + xtan@

If dC be the capacitance of this small capacitor, then

_gdA  gladx)  gy(adx)
(EF) d+xtan® d+x0

dC

Isince for small 6, tan@=0}

g (adx) g (adx)( IQ]_l

= dC= 1+

d(]+%9J_ ¢ \d

eg(adx)( )

1- Ex) {using Binomial Theorem}

CHAPTER 2

dC=

The net capacitance of capacitor is obtained by inte-
grating the expression with respect to x between 0 to
aie.,

a 2 a
C=£0—a"‘(dx—gxdx]=%|:x—gx—:|
d d al”d2 ),

0
2d d 2d
(a) Theequivalent of Arrangement 1 is shown. Let C
be capacitance of each capacitor.

X
2,3
P Q
y z
21 43

The net capacitance of y and z connected in
series is

= C=gﬂa[a
d



ICON

H.130 JEE Advanced Physics: Electrostatics and Current Electricity

C_l;z = E

Now C,. and capacitor x are connected in

parallel. Therefore net capacitance between P
and Q,

C 3. 3(gA
Cpp=C+—=2C=" “]
re=tto T, 2(4

(b) The equivalent of Arrangement 2 is shown.

X
211
P Z|4_g
213
y
The net capacitance of x and y connected in par-
allel is
Coy=2C

Now C,, and z are connected in series. Therefore
net capacitance of arrangement between P and

Q is

chy Cc(2C) 2 2 EOA
o S E0e
C+C, C+2C¢ 3 3\ld

12. The capacitance is maximum when the plates of one
group are parallel to the plates of other group, so that
the effective area of each plate is A.
Since the alternate plates are connected together the
potential difference across any two consecutive plates
is same. The n plates of given arrangement form
(1-1) capacitors connected in parallel. Therefore the
maximum capacitance of radio capacitor is

_EA A

ot +..(n-1) times

C

&

= C=(n-1) 5

13. (a) Capacitors Cyand C; are in parallel, so their
equivalent capacitance is

C23 =C2+C3 =4+8
= Cp=124F
C1 C23
[ ]

ab

Capacitors C; and Cy; are in series; so the equiva-
lent capacitance C of the entire combination is

1 1 1 1 1 3

=—t—=—t+—=—

Cy G Cp 6 12 12
Cog =4 F

The total charge that flows from the battery is
Q=C,V=(4x10")(12)=48x10"° C

Capacitors C; and C,; are in series, hence they

carry the same charge Q=4.8x107 C.

The voltage across C;,

-5
V=2_4.8><10 _gV

! G T 6x10°
The voltage across the combination Cy; is
_Q _48x107
BT, 12x10°
1 B +”°-_
+Q-Q +Q -Q Qr Q
Q5 Qs
11—
+ - +Cs

C,; is parallel combination of C, and C; and
hence they have the same potential

V,=V,=4V
The charges on C, and C; are

Q,=C,V,=(4x10°)(4)=16%x10"° C

Q, =C,V, =(8x10%)(4)=32x10° C
Sowehave V; =8V, Q=48 uC

V,=4V, Q,=16 uC

V,=4V, Q,=32uC
Also, we note that Q, +Q; =0, =Q
The two condensers in the middle are connected
together and hence act as a single conductor. Thus
effectively there are three plates which form two

capacitors in parallel.
Capacitance of each capacitor,

gA
d
So, net capacitance of combination is

CPQ =2C=%

C=
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(b) The four plates are alternatively connected and
form three capacitors in parallel. So, the net
capacitance of combination is given by

3gA
d

CPQ =3C=

15. (a) The capacitance of capacitor (A,B) is

_ £0A1 _ SQER]z

C
R
(o (5]
79 ?r —_—
_\36mx10 2/ _ 1
= Cl— 3 = A
2x10 288 x10
The capacitance of capacitor (C,D) is
c, - fh_ &Ry
T b
( 1 ) (0.12)2
79 E —
_\36mx10 2 _ 1
= G= 3 = 3
3x10 300x10

The capacitors C; and C, are in series. Therefore,
equivalent capacitance C is given by

1 1 1 " 8
—=—+—=288x10"+300x10
C ¢ G
- l—588><108
o=
= C= ==17x10"? F=17 pF
588 x 10

(b) Energy stored by capacitors
U= %cv2 = %><(17><10‘”)><(120)2
= U=1224x107]

16. (a) Electric field is uniform between the plates of the
capacitor. The magnitude of this field is

_9_1

g Ag,

Hints and Explanations H.131

Therefore, the energy density (1) should also be
constant.
2

1
U=—gE*= qZ
2 2A%,

So, total stored energy, U = (1) (total volume)

2
|1 __ 1
R

2

2
_q . =ﬂ}
u 2C {'C d

(b) In case of a spherical conductor (of radius R) the
excess charge resides on the outer surface of the
conductor. The field inside the conductor is zero.
It extends from surface to infinity. And since the
potential energy is stored in the field only, it will
be stored in the region extending from surface to
infinity. Also the field is non-uniform, the energy
density u is also non-uniform. Hence, the total
energy can be calculated using the concept of
integration. Electric field at a distance r from the
centre is,

CHAPTER 2

ey P

T i‘ﬁ’/ 1a

1

ulr)=—g,E* il - A
- /"

1 (1 qY
= u(r)=580(—i]

Are, r*

—1 '\;\ +/+‘+/'

Energy stored in a volume dV = (47 )ar is

dl=udV
LT TT ~
- - ~
,} ’ﬂ— “u.\ \\
L7 SN
/o \‘\
i \
[ r v
[ v
[ [
11 |Idr
[ -
[ 1
VL [
AN ’ot
L 7
AY s
A s
’

= Total energy stored is, U = -[ du
r=R
Substituting the values and integrating, we get

2

1
2(475,R)
2

= U:j—c - C=4ne,R}
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Test Your Concepts-lll
(Based on Dielectrics and Breakdown)

1. Arrangement A is equivalent to a combination of two

d
capacitors each of area A, separation 2 and connected
in series. So,
1 1 1 (42) 42

B L4
G G G KA gKA

1 _eﬂA[ KK, }

C; d | K +K,
KK
where Kq=—12
K +K,

Arrangement B is equivalent to combination of two

. A .
capacitors each of area —, separation d and con-
nected in parallel. So,

50K1(é) foKz(é]
CP :C3 +C4: 2 + E

d d
c _ﬁ[K1+K2]
Prdal 2
where K,ﬁM
2
Now Cs = 2KiKa 2 4KiK,

CP_K1+K2 (K1+K2)_(K1+K2)2
G, 4x2x3_ %4
Cp (2437 25

_aA_ Qo
d AV,

2. (@ G

When the dielectric is inserted at constant voltage,
then

0

Since, U, = %CD (AV, )

AV?
and U=%C(AV)2=—KCG( D)
u
= —=K
U

The extra energy comes from (part of the) elec-
trical work done by the battery in separating the
extra charge.

(b) Qy=CAY,
al‘ld Q = CAVO = KCDAVO

Q_
Q
Please note that this situation is not the same as

the situation where the battery is removed from
the circuit before inserting the dielectric.

= K

(a) Net capacitance without inserting the slab is, %

- (3]

Since, electric field

Potential Difference ( E) v

) separation between the plates  d 24

C Cc C
|
=

| | | | |
+H -+ = +H

Net capacitance after inserting the slab is

C'=(—K ]C

K+1

= q= CV(L)
K+1

Electric field

B Potential Difference
Separation between the plates

iFes)
po_\K+1) V
d (K+1)d

Electric field decreases by a factor

v
2d _K+1

((KLMJ 2

(b) Charge that flows through the battery is 4" - g

7

E_
E

CV(K-1)
h Flowing = ———
Charge Flowing K1)
Y S [.,CD:@}
a‘—f+£ 1—£+i d
k d kd

where t=2(0.lmm)=02mm, d=4mm and K=3

Putting values, we get C = 44.25 pF
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_ 4425x60 _ 2655
60-3+1 58
= C=4577%

So, %age change is

A 77 - 44.

—C><100=(4577 4425)

Co

= Percentage increase in the value of capacitance is
3.4%

x100=3.4%

_ &4
d-t
Since, t -0
B @_ 2g5A
Sd2 d

(b)

(©

(a) Since both are connected to the same potential,
hence they are in parallel. So,

Cnet =K1(%J+K2(@]
dl dZ

= Cnet ='€GA(&+&]

d dy
Q
b) o=-
(b) 1
_cv
A
L g 8AV(K Ky
A \d d,
K, K
e V| 2122
= g 30 [d]‘l‘dz]
1
(©) LI1=EEE12

Vi
Since £=K,g, and E, :j,so

1 VY
U, ==(K —
1 2( 180)(511]

Hints and Explanations H.133

The system of three parallel plates form two parallel
plate capacitors connected in series.
The capacitance of first capacitor

KA
Cl — 1%0
dl
and capacitance of second capacitor
C.= K,g,A
2 d2

The net capacitance C is given by

r1r,r_ 1 , 1
C ¢ G (KleoA ] (KZEDA ]
dl dl
1_11d d|_ 1 dK+dK
C gA|lK, K| A KK,
_ §KiKyA

The capacitances C, and C; are in series, each having

A . d
area — and separation 3

¢ A

07 &,A
G=k dz =K2( (ji)

2

ol =
2 g,A
= C3=K3 d =K3(D7)

2

Equivalent capacitance of C, and C; is

2
&A
C' = GG KZKS(T) _[ K;K; ]ﬁ

Al =K =Ki| —
S0 C1 1 i 1 2

CHAPTER 2
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From figure it is clear that C; is in parallel with C’
(combination of C, and C3). Hence net capacitance
between P and Q.

C=C1+C’=K1(M]+(ﬂ]@

24 )\ K, +K, ) d
c= Al K KoK
d 2 (K+K)

Substituting given values

C_8.8><1012x(1x104)(4 6><2)

2%10° 2 642

= C=0.44><10‘12(§)
= C=154x10"2 F=154 pF

With the switch S closed, the potential difference
across capacitors A and B is same. So,

oG
c C

The initial charges on the capacitors are given by
QA = QB = CV

When dielectric is introduced, the new capacitance of
either capacitor.

C'=KC=3C
Now, when the switch S is opened, let the potential
difference across capacitor A be V volt and that
across the capacitor B be V' volt.
When dielectric is introduced with the switch open
(i.e., battery disconnected) then, the charge on capaci-
tor B remains unchanged, so

Qp=CV=CV’
= V'= EV=K volt
(0 3

Initial energy of both capacitors

1 1
U, ==CVZ+-CV*=CV?
2 2

10.

11.
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Final energy of both capacitors
LIleC’VZ+1C’V’2
2 2
1 1 A%
= u,f=—(3c)vz+—(3c)(—] ~2cv
2 2 3 3

- i

Uy 22
3

u,  cv?

3
5

(a) C=%0[(€—x)€+xéx]=%[€2+!€x(J<—l)]

2
(b) U=;C(AV)2=;[%(2M)[£2+:?J:(K1)]

2
(c) F=(du)f= £ (AV) ((k—1) to the left (out
dx 24

of the capacitor)

(2000)*(8.85% 10712 )(0.0500)(4.50 — 1)
2(2.00x107)

(d) F=

F=15x10° N

The vertical orientation sets up two capacitors in
parallel, with equivalent capacitance

ol3) =(2)
C=G 2), 0 » =(r+l)@
o d 2 ) d

where A is the area of either plateand d is the separa-
tion of the plates. The horizontal orientation produces
two capacitors in series. If f is the fraction of the hori-
zontal capacitor filled with dielectric, the equivalent
capacitance is

1__fi +ﬂ—fﬁz[f+d1—fq41
C, kA gA K gA
K gA
= Cf{}:;a—7ﬂir

For having C, =C, we get 1«:;-1 = *

~ fx(1-£)

= (e+D[ f+x(1-f)]=2«
For k=2, weget 3[2-(1)f |=4

2
= ==
f 3
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Test Your Concepts-1V (Based on Capacitor
Circuits, Kirchhoff's Laws, Charge Flown and
Generation of Heat)

1. The given circuit forms an unbalanced Wheatstone
bridge. Let us suppose that the point A is connected
to the positive terminal of a hypothetical battery and
B to the negative terminal of the same battery. Hence,
a total charge ¢ is stored in the capacitors. Seeing the
symmetry about the input and output points, we can
say that charges will be distributed as shown.

——————————

| | g
Il Il
+I:I— Iil—2 c
AL Ticl 7|8
oc [Be
= =
Il Il
9z di
fi+d2=1 (1)
Applying Second Law, we have
BB
C 2¢ 2C
= f-5-24=0 (2
Plates inside the dotted line form an isolated system.
Hence,
ft43 -1 =0 -.(3)

Solving these three equations, we have

2 3
ﬂh=g-¢ia ‘5]2:?? and fh:—g

Now, let C, be the equivalent capacitance between
A and B. Then,

9 T %
VA7VB=7=7+7
Cqy C 2C
G N, T

Coq 5C 10C 10C

—

i I
2. V,-B+E-L2_y. =0
A C1 C2 B

5-T410-2 29
1 2

= q1+%2=15 (1)

Also, we observe that
1+ g, =0
= fh=0 -(2)

Hints and Explanations H.135

From (1) and (2), we get

__________

q1+%=15
= ;=10 uC
g, =10 uC

__________

So, voltage across the first capacitor is

T
V===10V
1 G,

and across the second is
f2
Vo=—==5V
2 C2
Here, we observe that 4,, q,, q; and g, arein uC

(microcoulomb) and any battery supplies same mag-
nitude of charge from its both terminals.

CHAPTER 2

3uF 5V

| |
IR

q + +

Qo ——6uF ——2uF— 4 uF
T T as q4T

|I
|I
oV

5V

Select the sign of the charges on the capacitors
arbitrarily, we get

~h =Gt 43 +q5=0 (1)
Applying Loop Law in three loops, one by one, we get

5-14 g (2)
306

10-2_5_g e
6 2

and 5-B4+5_¢ (&)
24

Solving these four equations, we get

40
G =45 =10 uC and 5h=%=? uc

The charge distribution is shown in figure. The circuit
is equivalent to two capacitors connected in series
with a battery in between them. Let the charge on C;
is . The same charge will also appear on C, . The rea-
son is as follows : Whatever charge appears on plate
of C; (say-q) then equal but opposite charge goes to
C, through E, . The potential drops across C; and C,

will be Ci and Ci respectively. Which plate would
1 2
be at higher potential will be decided by relative
strength of E; and E,. If we move along the complete
loop, the total potential difference must be zero. Let
E,>E.
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Ci B G

gl

\I
E1

Thus, Ci+E1+i—EZ=O

1 2
q=(Ez_El )CICZ
C+GC,
‘Q|= ‘EZ_EI‘CICZ
C+G,

Itis obvious from the figure that the addition of a battery
in between two capacitors is equivalent to charging the
potential applied to the two capacitors in series.

Charge distribution is shown in figure. Consider the
loop NMLKN. Applying —~AV =0, we have

1 Cy

| L

-1+ o) G4 +qo)

Ex | 2 i G2

+qo11 g
Cs

||
+qy!] ‘ChM

h %""IZJ _
~E+ L4 A2 1 E =0 (1)
e [ G )

Similarly, for loop OLKPO , we get
htd 92
—= |+E -E+—==0 (2
( C ] TRt (2)
Solving these equations, we get

E,C,-E,C, -EC;+E,C,

fr= ..09)
&+&+1
G G
Now ¥ty (% =0]
1
= Vlel(CZ+C3)’E2C2*53C3
C1+C2+C3
Similarly, VZ:EZ(C1+C3)*EIC1*53C3
C1+C2+C3
v B(G+C)-EC -EG,
’ Ci+C+GC,y

Capacitors C; and C, are in series; their effective
capacitance is
_ GG
2TG+G
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Effective capacitance of C; and C, is
GGy
G +Cy
Cy; and Cs, are in parallel; equivalent capacitance of
the circuit is

Ceq=Crn+Cy
total charge on the capacitors is
Q = Ceqv

Cy =

Charge Q divides into charge Q;; in C; or C, and
Qs in C; or C,. We have

Qp=CpV and Q3 =GV

Potential across capacitor C, is
C
V. = @ S Vi

GGG
Potential drop at capacitor C;

Sl G

TG GG

Potential of A and B are

Vy=V-V,=|1- Gy
G +G,

and VB:V—V3=(1—CC4C ]V
3Tl

Thus, potential differences between A and B are
equal to

Cy G GG -GG
VA _VB = - V:
C;+Cy C+G, (C1+C,)(C5+Cy)
This will be zero, if C,Cy; —C,C;=0
6.6
G G

This is the condition for a balanced Wheatstone bridge.

Let the charges on capacitors C;, C,, and C; be
Q,, Q, and Q,. Potential differences are therefore
&,% and ]
GG G
of the three capacitors connected to point A. From
conservation of charge, we have

Q1—Q2+(iQ3)=U (D)

respectively. Look at the inner plates
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Because all the inner three plates were neutral initially,
therefore, whatever charge is induced on one is obvi-
ously drawn from others. Q,, the charge on the upper
plate of C;, may be positive or negative depending
upon the value of (Q, -0, ).

As we move along the closed loops in the sense shown,
we have

ot
and VZ—%$%=O .(3)
2 3

If Q, is positive, then potential falls as we go from A

to B. Hence FQ, in (1) implies +(Q3] n (2) and (3).
From (2) and (3), we get ©

Q (V1+Q]C1 and Q, -(VZ‘QS J )
G G
Substituting for Q; and Q, in (1),we get
V1C1 - V2C2 iQB (C] + C2 +C3 ) -
G
% =(+) Vzcz - Vlcl
G G+G+G
Thus potential difference between A and B
_ G-V
AT +C+G

Let the potential difference across the battery termi-
nals be V' and the charge of the battery Q. To find the
capacitance of the battery means to find the capaci-
tance of a capacitor which would have the same charge
Q onits plates as the battery at voltage V. Hence,

+||—

1

3 QB

()

where from conservation of charge we must have
Q=q+0+43 =04 +95+ s (2)

and ‘V=V4=%4

Hints and Explanations H.137

In a closed loop the net potential drop must be zero,
from KVL. Therefore, for loop 1, loop 2 and loop 3, we
have

ForLoop 1
ot 9
c C cC
For Loop 2
By, 05
cC C C
For Loop 3
7 95 e
—=——=+===0 .3
cc'c )

The conductor that connects the second, third and fifth
capacitors is electrically neutral. Hence,

5 +45 =1, =0 - (4)
On solving, we get

‘h:‘h:%:%:% and g, =0

Therefore, C .5 =2C

Method 2. Connect the connection of point @ to b and
note the indicated Wheatstone bridge. Now simplify
the circuit to obtain the desired result.

Balanced
Connect wheat—s/tone bridge
atob R N
s Nb
Il

_____________

Let the charges in three capacitors be as shown in
figure

2 uF 4 uF
¢
= =l
g, gz
6uF —=0;
b
A 0V F 20V E

Charge supplied by 10 V battery is g, and that from
20 V battery is g, . Then,

G +92=15

CHAPTER 2
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This relation can also be obtained by using the Junction
Law. The charges on the three plates which are in con-
tact add to zero. Because these plates taken together
form an isolated system which can’t receive charges
from the batteries. Thus,

f3—q1—4,=0
= B=ht+q (1)

Applying Kirchhoft’s Second Law to loops BCFAB
and CDEFC , we get

s 10=0
2 6
and 12-20+% 29
4 6
= 3q,+2q,=240 ..(3)
Solving equations (1), (2) and(3), we have

10 140
‘h:?JUCr qzz?#c and g, =50 uC

10

3#C 3 e
+ = —| |+
I I
50 uC ==

n /|

K B
10V 20V

Initially, when the switch is closed on position 1, the
capacitor Cis connected in series with batteries V)
and V,.

From KVL we have

0,
=V, +V, =0
c 2th

= Q=(%h-V)C (1)
depending upon the sign of (V, -V, ), charge Q; on
the left plate may be positive (if V, >V;), or negative
(if V, <V} ). However, charge on the right plate would

be equal and opposite.
When the switch is moved to position 2, the left plate
earlier having charge +(); , will have charge

Qp=-VC .(2)
The net charge flow through the circuit is
AQ:Qf -Qi= [*Vl *(Vz -V )]C= -VC

We can say that a net positive charge equal to V,C
is pulled by the battery of emf V; from the left plate
of the capacitor, which flows through battery V; and

11.

is transferred to the right plate of the capacitor. Work
done by battery V; in the process of charge transfer is
given by

wbattery = VlIAQ| = Vlvzc (3)

A part of this work changes the energy of the capacitor
2 2
AU = % _9
2C 2C

1 1
AUC =EV12C*E(V2 *Vl )2C

AU = %(21/11/2 -V2)C

and the remaining part is lost as Joule heating. Hence
the heat generated H is given by

1.2
AH = Wbattery - AuC = EVZC
When the switch is open, then Ceq =4 uF
So, 4=C,V

= =800 uC

This charge divides equally amongst the upper branch
and lower branch. So,

400
VI*V’]:?
vy 400,200
6 3
= Vn—vb=2;l)v

When the switch is closed, then V, -V, =0

The charges on the capacitors before the switch S is
closed are shown.

+400 4C 400 4C  +400 1C -400 uC
|1 |1

C, 3uF 6uF''C,
200V oV

C3||5ﬂF S,uFHC4
I I

+400 4C -400 4C  +400 uC —400 4C

Now, when the switch is closed, then C;, = g uE

= ¢'=C,V=900uC

This 900 uC is shared amongst 3 uF and 6 uF in
direct ratio of their capacitances. So

3
s e =(m)900 =300 4C and
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[ ] )
- (i)%o =600 uC
=376
+300 £C -300 #C +600 1 C -600 xC
[ [
1l 1l
Cy=3uF 1?)5%0 ’20%):(3 6 uF=C,
V, =200V S| 300 4C V,=0V
200uC@®100uC
Ca=6uF =
"o | oy
+600 #C —600 £C +300 £2C -300 1C
Initial Final Charge
Charge Charge Flown |Aq|
C, | 400uC 300 uC | Agy|=100 puC
G, 400 uC 600 uC | Ag, | =200 puC
Cy | 400uC 600 uC |Ags|=200 pC
Cy| 400pC 300 pC | Ag,|=100 pC

Test Your Concepts-V
(Based on Spherical and Cylindrical
Capacitors)

1

Let us assume a positive charge +q on A and a nega-
tive charge —g on B. Then their potentials are

1 g 14 1g_ 134
Vo=——"-—- Vpm=— e ———
dmey R 4nmey d drme, d  4mey R
A B
@m @ﬂ
f— ——
The potential difference is
1 29 1 2

V=V, -V=—-d__— 2
4P 4me, R drme, d

. szLq[l_l]zi(d‘_R)
411'80 R d 27!':80 Rd

Since d > R

q

= V=
2mgy R

Since, C= T
Vv

= C = ZEEUR

2 9
= X—
9x10” " 1000

Hints and Explanations H.139

= C=2x1072F

= C=2pF
(a) Given, a=2x102m, b=4x10"m and
g=2x10"° C
Let 4" charge comes on the inner sphere. Then,
Vinner =0 i
1 r
= L]0
dreyla b

e

= q’:—%q:—lo_éc

(1 1
Now, Vinner - Vouter = %(; - E]
0

outer —

= 0-V ——10‘6x10"x102x%

= V. =25x10"V

outer

(b) Charges appearing on different surfaces are as
shown in figure. Hence the charge retained on the
outer surface of the outer sphere is +10° C or
+1 uC.

+10%¢C

Let g4, v and ¢ be the charge, potential and capaci-
tance of individual (small) drop. Alsolet Q, V, C be
the corresponding quantities for bigger drop.

As total charge is conserved, therefore the charge of
bigger drop

Q= N xcharge on small drop
= Q=Ng

o 9y (1)
q

Since the capacitance of a spherical drop is propor-

tional to its radius (C = 4zeyr ), therefore if R and r

are radii of big drop and small drop respectively, then
C_R
c r

.(2)

Now, since total mass of the drops is conserved, so, we
have

Mass of bigger drop = N x Mass of small drop

CHAPTER 2
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= %J'I'R3 p=N ( %map] { p is density of mercury}

= R=N"
— E:E:le‘?u
C r
1
= 9:N3

V:QandvzE
C c
V C N /
= _:Q._: Q [i]:ﬁ:Nzlg
v Cq \gM\C/) N
2
= K=N5
)
2 2
Also, U== and u:q—
2c
¢,
L U_»x_(Q (5)
=£x=
u g (gq)\C
2c
1 5
o Yo N2xNTF=N3
u
5
= E=N3

.03)

Let Q be the charge given to outer sphere B. This
charge will be partly on outer surface and partly on
inner surface. Let q; be charge on outer surface and

g, oninner surface. Then

f+5,=0Q

The charge induced on inner sphere = —¢,
The potential of B,

L ptfp-q _ 1 @
dme, b

5= e, b

(1)

5.
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The potential of A,
e (—_chghﬂh]
dreg\ b

As sphere A is earthed V, =0

I [i_,_"h"‘fh}:o

dmeg L b
Equation (3) gives
I T ie, —_6h+2=0
a b a b
L hye
Q b
Using this equation (1) gives
a
%+EQ=Q
a) b-a
=0|1-=|=—
= h Q( b) P Q
e, 2o b
g, b-a

Potential difference between A and B

1
Vy=Vy—V,=Vy—0=Vy=—1

[

dmey b
Capacitance
-0 .0
Vap 1 @ th
dme, b

Using (5), we get

2
s )2
—a b-a

Charge on inner sphere is given by

a

4 =-7Q
8 cm
-, =- x30nC=-24nC
10 cm
]
ib
gy \7"
gz
Q

{done already}
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Charge on inner surface of outer sphere is
ﬁb =+24 l’lC

The charge Q is distributed into g, and g, so that the
electrostatic potential of inner sphere is zero.

The given arrangement is a parallel combination of
two capacitors.
The capacity of a cylindrical capacitor is given by

2E£0L
b

lo E(—)
& a

27r£0K1( E]
¢ - \2)

C=

- lo (E]
Ee p
stoKz(L]
5 G2l
1 e
Oge[a)
L
= CEQ=C1+C2:7b(K1+K2)
log(,(—)
a

Single Correct Choice Type Questions

1

When the switch is closed, the inner plates of the two
capacitors get connected whereas the outer plates still
are not connected and hence the circuit is not complete.
Hence, the correct answer is (A).

A
C=key—
04
6 1)\A
=  1.77x10° =200(8.85x10 )E
= é=1l]3
d

This ratio is satisfied by both OPTIONS (A) and (B).
So to arrive at a conclusion we take help of the break

through strength.
FOR OPTION (A)
d=10"m
= E= K
d
_ 20
107

= E=2x10" Vm ' >3x10°Vm™

which is impossible

10.

Hints and Explanations H.141

FOR OPTION (B)
d=10"m

= E= K

d

0

107
= E=2x10° Vm™ <3x10° Vm™
Hence OPTION (B) is right to give as an answer.
Hence, the correct answer is (B).

10 uF 1 uF
Hi— =
=

Hence, the correct answer is (A).

CHAPTER 2

The circuit show is a balanced Wheat Stone Bridge.
Hence, the correct answer is (D).

The given system is equivalent to a spherical capacitor
of inner radius b and outer radius c . So, the capaci-

tance of the system will be 4re, ( b_cb) .
Hence, the correct answer is (D).
C=4neg,R

= C=711uF

= C=1000 uF

= C=z10"F=1mF

Hence, the correct answer is (B).

Q=-Q3 {By induction}
Further,
V:%=&=Q2*(*Qz)
cC 2C 2C
2C

Hence, the correct answer is (C).

On connecting both with a thin wire, the common
potential V is given by

(Cl +C2)V = C1V1 +C2V2

CiVi+GV,
G +GC,

V=
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b
Total initial energy = U, = 1CIVI2 + l(321/22 = =
2 2 b-a
Total final energy = U =1(C +C, )V? > 2o,
eyt b—a
Loss = Total Initial Energy — Total Final Energy = b=nb-ma
= Loss=U;-U; = nma=(n-1)b
1 C1C2 2 b n
= Loss=—| —=— |(V; -V - —=—
2(C1+C2]( 11 a n-1
Hence, the correct answer is (C). HEI'ICE, the correct answer is (B).
C C 1 1 11
r—_ (= 17. —=—+—+—+.uu.
12. C 1 - C ; C 27278
1-= 1-— .
2 d R 1_ 1/2
C'=2C C 1-12
Hence, the correct answer is (B). - C=1
14. The capacitance of the capacitor increases initially and Hence, the correct answer is (D).

then decreases and hence the positive charge on plate
.. . 18. Since, the charges on the facing surfaces are —Q and
A first increases and then decreases. Due to this the 8 5 Q

current in the outer circuit first flows from B to A and Q (used Gauss’s Law to find them)
then from A to B. Q

E=——
Hence, the correct answer is (C). 5o, Ag,
15. Cs=2pF _ foVA=+E?d
q: Csv
= q=10uC -Q i +Q
when connected in parallel EA
Cp = Cl + Cz 2Q L 2Q
= Cp =9 pF EE
= V= A A P B
Cr
10 Ly Q0
= V=5 kv 2A¢, 2(@] 2C,
d
= V=111V

. Hence, the correct answer is (B).
Hence, the correct answer is (D). ®)

19. For series combination

16. C, =4mep
GG
ab 5= ———
and C, =4T££0(—) Ci+G
b—a
Given that C, =nC, = Cg= g‘up
3
When connected in series the maximum charge that
can flow through the combination equals the lower
value of charge accommodated by the first capacitor
ie, 6000 uC
G

Q; =6000 uC and Q, = 8000 uC
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L]
22,
= V5=%
G
~ 6000 uC
s~ 2 c
JH
= Vi=9kV

Hence, the correct answer is (C).

20. Let C be the capacitance of the capacitor without slab.
Then after removing the slab i.e., finally the net capaci-

. C
tance is —
2

CE

‘h:‘h:?

Before the slab is removed
C,=C and C,=KC

L]C

= Cnet=(K 1

KCE )

= Q== (K+1

qz K+1
Q, 2K

Hence, the correct answer is (A).

21. U= %CDEZ (1)

On inserting a dielectric new capacitance is

C=kC, ..(2)
and new potential differenceis {V = Ed}
E'=f/d where f, is the electrostatic field. But on

inserting the dielectric, the new field f, becomes !
. o k
times the original field.

SO fe ff

1
So u; = —CE’z
2

1 EY
= u=5a)(f) 2.

1,1
= “f=(5C0E );
= Au=1cDEZ(11]

2 k

Hence, the correct answer is (D).

24,

Hints and Explanations H.143

k, in series with half of k; and hence equivalent dielec-
; ; klk.'i

tric constant is ———
1713

k, in series with half of k; and hence equivalent

dielectric constant is ——— and then both in parallel

2+ 3
togive k:ﬂﬁ.ﬁ
ki +ky ky+ks

Hence, the correct answer is (D).

Charges on the capacitors are

S 60 pC
2pF  2pF | q_|f 9= 60|pC
S0V V=20V

26.

|

I
50V
q,=(30)(2)=60 pC

= ,=(20)(3)=60 pC

=19 (say)

The situation is similar to the two capacitors in series
which are first charged with a battery of emf 50 V and
then disconnected.

So, when S; isclosed, V=30V and V,=20V

Other way of looking at the thing is, when §; and S;
both are closed, due to attraction with opposite charge,
no flow of charge takes place through S;. Therefore,
potential difference across capacitor plates remains
unchanged or V; =30V and V,=20V.

Hence, the correct answer is (D).

= H=

O

m—_

Hence, the correct answer is (B).
1
W=EC(100_25) {
= W:EC (1)
2
, 1
= W =—c(2z5—100)

- W 125(3 .(2)

CHAPTER 2
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29.

30.

3L

32.
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From (1) and (2)
W= §W
3

Hence, the correct answer is (C).

V=4m[i+u]

ky ok
V= @ i + E
Alk Kk
Hence, the correct answer is (B).
Vcnmbined P —
G +G,
(1)(200)+2(100)
= Vcnmbined =
142
Vcnmbined = 4—20 =133V

Hence, the correct answer is (C).

Hence, the correct answer is (C).

During electrostatic equilibrium.
Electrostatic attraction between the plates = Spring

force
2
- 1 -
2g,A
2
- (CV) =k(d4d] {‘.‘q=CV}
26A 5
2
EQA 2
()
o W20 o
2e,A
re g AV? zstDAvZ
0256d4° 4
Hence, the correct answer is (C).
—X(11)+1=X ’
* A I
= X=X*-1 '|' !
= X2-X-1=0 CA,TX —_—1 -—X
xo 135 B

33.

34.

35.

X=1+2.236
2
= X:E
2
= X=1l6uF

Hence, the correct answer is (C).

Let d be the thickness of the slab, then

d
t=—
2
. Zoﬂdzé(@)
g-2 2L 3\ d
2 2K
5 1 -4
d(1+1] 3d
2" K
= ]+l=é
K 2
= K=2

Hence, the correct answer is (A).

Cag =?

Total potential across the series combination of 2C, C
and 2C is 90 V. If Q is the total charge then

Q=Cap (90)
= Q=135C
Charge in SR branch = Q, =90C
Charge in SPQR branch =Q, =45C

= Vyw = Potential across C

= VMN=%=45V

Hence, the correct answer is (C).
The spring force F; acting on plate a is given by
F= —kxi

Similarly, the electrostatic force E, due to the electric
field created by plate b is

2
Q i
2A¢g,

E =QEi =Q[i]§ -
2¢,
where A is the area of the plate. Notice that charges
on plate a cannot exert a force on itself, as required by
Newton'’s Third Law. Thus, only the electric field due
to plate b is considered. At equilibrium the two forces
cancel and we have
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(] )
kx=Q Q
2A¢g,
which gives
2
X= Q
2kAg,

Hence, the correct answer is (C).

36. The charge distribution on the surfaces of the shells are
given. As per the given condition, the surface charge
densities of the outer surfaces are equal. So,

Qi Q+Q  Q+0Q+0Qs

47R> 4r(2R)’ 4x(3R)
Q_%_Q
1 3 5
Qs
E
A B
/ =,/
Initially After charge distribution
Ga=0Q4 p=—Qy +Qy)
9g=—Qy e=Q3+Q+Q
Gc=Q +Qy

Hence, the correct answer is (B).

c € ¢
C C
P— c F—a
Cc o C
3uF 6 uF 9uF6uF 3uF

A F—F—Ceq = 0.94F

Hence, the correct answer is (C).

37.

38 v=1
C

. 1
Since C NE

So, as d is halved, C becomes double

= V'=

39.

40.

Hints and Explanations H.145

S v=Yoosv
2
1
U,=-Cv*
2

1., 1 (v)z
U, =-C'v?*==(2C)| -
179 2( )2

1.2
1.2
= Change=—CV (o]
: o
—  Change=(100x10")(500)* LU
4 -
= AU=625] %
Hence, the correct answer is (B). :
& A o
C=—
d
1 7(0.08)
= C= 5 =
4rx9x10 10

= C=18x10""F
Since Q=CV
= Q=18x10"°C
Hence, the correct answer is (B).
Total Initial Charge
Q;=(2C)(2v)-CV=3CV
Total Final Charge
Q; =2CV"+CV’
where V” is common potential.
By Law of Conservation of Charge

Qi=Qf
= 3CV=3CV’
= V=V

So, final energy of combination is
U =~(C+20)V? =2cv?
2 2

Hence, the correct answer is (B).

41, C=4neo(ﬂ)
b-a
1 (05)(06)
9x10° 0.1
0.3

= C= 5
9x10
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45,

47.

48.
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= (C=IiC
= (C'=2x10"F
Hence, the correct answer is (B).

The 3 uF capacitor has energy 600 uJ

= 600x107° = %(3x10*" V2

= Vy=3V=60V

This 60 V has to divide in between 2 uF and 6 uF in
the inverse ratio of their capacitances i.e., 3:1.

3
3+1

Hence, the correct answer is (C).

SO, VZIHF=( ]60V=45V

The arrangement is a balanced Wheatstone Bridge. So,
no charge will exist across the branch PQ. Hence

Cm'r = 10 #F
Hence, the correct answer is (D).

On connecting by a wire, let V be the common poten-
tial. Then, by Law of Conservation of Charge

Qnmmi = Qfmﬂi
= C1V1 + C2V2 = CIV + CzV
Ve CVi+GV,
G +G

If E; be total initial energy and E; be the total final
energy, then

=

Loss=E; - E;
1.2, 1.0 1 2
= L053=EC1V1 +EC2V2 —5(C1+C2)V

2C+G,
We get above result by putting value of V and then
solving.
Hence, the correct answer is (C).
C

Cp =C+£+E+—+...
2 48

1-=
2

= Cp=2C=2uF

(Vl_VZ)

Hence, the correct answer is (C).

49,

50.

52.

Total initial energy is
E =2[%CV2):CV2

Initial charge across A is CV

Initial charge across B is CV

On, opening the switch when a dielectric with k=3 is
introduced in both A and B, then

CA=3C and CB=3C

The new potential across A is still V. Let V' be
new potential across B. So, new charge across B is

(3C)v".
By Law of Conservation of Charge

CvV=(3C)V’
= V’=K
3

So, total final energy is

2
Ef=1(3c)vz+1(3c)(VJ
2 2 3

= Ef=§cvz(1+1}
2 9
= Ef=§CV2
3
E. 3
= ==

Hence, the correct answer is (B).

4x6
C.=—
: 4+6#
= C,=24uF

q=C.V=24x500x107°

q=1200 uC
Hence, the correct answer is (C).
Q =GV,

Q= (kco )Vo

Q1

Q k

40 _1

100 k
= k=25

Hence, the correct answer is (B).



53. Itis a balanced Wheatstone Bridge.

5x3 5x3 58.
= CAB:—+—
5+3 5+3
15
= CAB=2><E

= CAB =3.75 ﬂF

59.
Hence, the correct answer is (A).
54. Initial charge on first capacitor is CV =Q,
Initial charge on second capacitor is 2CV =Q,
Final capacitance of first capacitor is KC
If V" is the common potential then
V= Q+Q 60.
Ci+G,
o CV+2CY
"~ KC+2C
,_ 3V
2+K
Hence, the correct answer is (A).
2 2
55. U, = 4 __1 61.
2C; 2(3C)
2 2
= q— = q
F72c, 2(26)
u
o .3
u, 2
Hence, the correct answer is (B).
56. By Law of Conservation of Charge 62
I T 7
C+G

Hence, the correct answer is (A).
1.2
57. u‘; = U = —C1V
2
1.0, 1.0
U,==-CV*+-CV’
ST T

Ur _(G+G v?
u ¢ Jv?

Hints and Explanations H.147

Hence, the correct answer is (A).

While drawing the dielectric plate outside, the capaci-
tance decreases till the entire plate comes out and then
becomes constant.

So, V increases and then becomes constant.

Hence, the correct answer is (B).

C, and C; in parallel

= V,=V;.Also,
V=V+V, =V +V;
Q+Q=0

Hence, the correct answer is (C).

CHAPTER 2

When we move from left to right the voltage increases
and this increase is just within the capacitors and
remains constant in the conducting wires. Also for

1
series combination Ve — and according to graph
v C
2>V

= G>G
Hence, the correct answer is (C).
By Law of Conservation of Charge
Qinitial = Qinal
Qinitial =5%12=60 uC
Qfinal =(C+5)3 uC
= (C+5)3=60
= C=15/F

Hence, the correct answer is (B).

. Potential difference across the branch deis 6 V.

Net capacitance of de branch is 2.1 uF .
So, g=CV

= g=21x6uC

= q=12.6 uC

Potential across 3 uF capacitance is

V 4.2 volt

Potential across 2 and 5 combination in parallel is
6-42=18V
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So,
q=(18)(5)=9 uC

Hence, the correct answer is (B).

63. Since all are in series.
Hence, the correct answer is (D).

64. C 1
A.:T 71
A

T |5

Next equivalent circuit diagram is

c 1
A —

C
A {} H2 B
9
2
%_c
= —==1
E+C
9
32
= C=—uF
23“

Hence, the correct answer is (A).

65. l=1+1+1+...
C, 2
1 1
—:—:2
Cs 1,1
2
= C,=05puF

Hence, the correct answer is (C).

gA

a'fH-i
K

66. C=

68.

70.

£,A
(1)
K

Hence, the correct answer is (C).

= C=

q
V,=—
' ¢

(=]

<
1l
aOl=

nlo

o =<
a1

C, 75
By definition
C = kCO

_2
3

00 20
3

= k

Hence, the correct answer is (C).

-5d=3{d+24—3+§]
g & k

= d=d—3+2.4+%

3
3-24=2
- k

= 0.6=E
k

= k=5

Hence, the correct answer is (B).

A'_ ,5'1 £‘2 A
I‘_d1_*_d2_.'|
1 1 1

—_—

C: C] CZ
- B 1

C. &4, &A

d



71.

72.

73.

74.

75.

ICON

Agg,

= -2
EZdl + E]dz

Hence, the correct answer is (A).

C C
A c c B
o— —o
e
C C
The figure shows two independent balanced

Wheatstone Bridges connected in parallel each having
a capacitance C. So,

Cner = CAB = 2C

Hence, the correct answer is (B).

——
C

C

s
C

Cap=3C
The circuit contains such two combinations in series.
Hence
(3C)(3C)
3C+3C

3C
= Ctntal = ?

Hence, the correct answer is (B).

total =

(A), (B) and (C) are different forms of wheatstone bridge.
Hence, the correct answer is (D).
When disconnected from the source, g = constant.

When immersed in dielectric, we have C'=KC. So,
we get

yod_a_v
¢ KC K
Hence E'=Vd = Vd Vd E
K K K

Hence, the correct answer is (A).

Let area of plate be A, then A =bL, where b is width of

plate
/ /

76.

77.

Hints and Explanations H.149

On partial insertion of dielectric, the net capacitance of
capacitor is

egb(L—x)+ Keybx

C=
d d
eﬂb[u (K-1)x]
2
Now LI=§—C {+ q=constant }
Since, F —fi—f,so we get o~
2
du=%(—l) ‘2‘;—(: E
X
S du—ii{%bu (K-1)x )} E
2% dx | d §
&b (g _1)a VU
= du=-——1 5 d 5
z(fﬁ) [L+(K-1)x]
d
2 —
= F=7d7u= q (K 1)d 3
dx  2gb[L+(K-1)x]
2 -—
o Fo 7 (K-1) :
{99) (2]
d L
But £(bL) _¢,
d
g (K-1)

= 5 , attractive
K 1
2C,L| 1+ x
L
Hence, the correct answer is (C).

Potential across the first capacitor is V, equal to emf of
the battery.

Thus no charge will further flow through the circuit.
Hence, the correct answer is (D).

As soon as the switch is closed, for the charge to flow
in the circuit (through S ), there must exist a potential
difference in the circuit. Here, we observe, that for the
closed loop abcd , we have

AV=_E+E+E=

2 3 6

2 uF
a +H' b
q

Lo}

et

6uF 3uF



78.

79.

80.
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Hence, no charge will flow through S, when closed.
Hence, the correct answer is (A).

Equivalent capacitance of the circuit

A
C=2 0_]
(%
X y
Equivalent
circuit
X y
o
1
v
12
Energy stored, U = EC v
U= l( M ]V2 — ﬂ
2 d d

Hence, the correct answer is (B).

Starting from positive plate, at higher potential (say
Vo) and going to negative plate at lower potential, we
have potential after covering a

(a) distance d inair, is V; =V}, - E;d where E, = 9
&

(b) further d in conductor, is still V;, because field
inside conductor is zero and hence potential stays
constant.

(c) further d inairis V, =V, —E;d where E; = 9.

&

(d) further d in dielectric is V3=V, -Ed where

o
E=—I(<E
K%( 0)
(e) last d inairis V=V, -Eyd where E, = 9,
&

In all the cases except (b), potential decreases linearly

with field and in (d) the field has lesser value than

cases (a), (c) and (e). So OPTION (C) is correct.

Hence, the correct answer is (C).

é(M]z &A ,wheret:E
3\ d a’—t+£ 2
k
4(8m4)_ &A
3\ 4 ﬂ._ﬂ_l_i

2 2k

81.

82.

83.

o 41
3d é(1+l)
2 K
= l+l-§
2
= K=2

Hence, the correct answer is (A).

2

F=_1
2¢,A
= Fe q2

Since capacitor stays connected to the battery, so
V = constant. Hence when separation is halved, C
becomes twice. So, q(=CV) becomes twice. Hence F
becomes four times.

Hence, the correct answer is (C).

This circuit is a balanced Wheatstone Bridge with one
capacitor connected in parallel to the bridge. So, the
equivalent circuit is shown here. The net capacitance
of the circuit between the points A and B is 2C .

A

C —B

I
I
C

Hence, the correct answer is (D).

Since both free terminals are earthed, hence they being
at same potential can be connected to give the follow-
ing equivalent circuit.

Now, all three being in parallel between A and B, will
given net capacitance as 10 yF .

4 uF
[l
Al T IB A _B
I tuke
I
- 4 uF — = 4 uF
4 uF 4 uF [hs
[l
I
2uF

Hence, the correct answer is (D).

84. Charge attained by the plates of capacitor is

g0 =CVy = (10 uF)(50 V) =500 uC
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(]
500uC  -500uC
— — —q -
(700-q) * | (500 -q)
P
Al Bl | Al Bl |
Initially Finally

Now, when a charge 200 uC is given to the posi-
tive plate of capacitor, then the net positive charge
becomes 700 uC , while charge on negative plate is stil
=500 uC.

Let a charge g appear on inner surface of A, then
surface of B facing A gets a charge —4. Such that
a charge (700-¢q) and —(500-4) appears on outer
surfaces of A and B respectively. Consider a point P
inside plate B.Then net field at P, inside the conduc-
tor is zero. So

E,=0
- 700—q+ 7 9 +500—q=0
2e0A  25A 26A  2g,A
= =600 uC
So, potential difference between the plates is
:1:600“6:60\{
C 10 uF

Hence, the correct answer is (B).

15C
85. net=6
190V 190V
1 1
c 3c = C 3c
— |
8 |8 —{}8
3C
cC 3C vy
190|V
|
'
| . ||
V1||C Vg“@
4
= q=cnetv

= q=(%](190)=15ﬂc

86.

87.

Hints and Explanations H.151

Now, potential across % is

g 150C
" 15

Vz:(@]
4 4

So, potential across 3C and combination of 3C and
C isalso 40 V.

=40V

——e

—
Cc 3C

This 40V is distributed between C and 3C (in
series), in the inverse ratio of their capacitance i.e.,
3:1.Hence

CHAPTER 2

Hence, the correct answer is (A).

The equivalent circuit is shown here for convenience

4uF— ——2uF

Potential across each capacitor is 5V
divided)

= q=CV=(4uF)(5V)=20uC

Hence, the correct answer is (B).

(equally

Using Kirchhoffs’ Law, we get

Since, C;=C3=2 uF
= g +g,=6 (1)
Also

g-hi® _5-g
1 G
Since C,=C, =2 uF
= §-=12 .(2)
Also, we observe that
~q1—q,+q3=0
= fitf=q3 -(3)
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Solving equations (1), (2) and (3) we get

Hence, the correct answer is (C).

88. Initial charge on plates of capacitor will be gq(say).

Then g, =CV
= M q+Q-gp G0-9)
o —Jo q -q
L]
P
A B A B
Initially Finally

When charge Q is given to the positive plate of capaci-
tor, then the net positive charge becomes g, + Q while
charge on negative plate is still —¢; . Finally the charge
distribution on the plates is also shown such that both
inner faces have charge g and —¢ respectively. When
apoint P is considered inside plate B, then net field
at P, inside the conductor, is always zero. So

2L 0+ Q) +a-0+(3=q)]=0

= g+Q+gy-29=0
= 29=29,+Q

Since g, =CV, so we get

Q
—CV+=
qC+2

So, potential difference between the plates is

"¢ ¢ '

Hence, the correct answer is (C).

Problem Solving Technique(s)

We can also arrive at the result by using the concept
that

(a) Charges on the surfaces facing each other are
equal and opposite.

(b) Charges on the outer surfaces are equal.

(c) Capacitance of a parallel plate capacitor depends
upon its shape i.e, A and d, but not on charge
distribution.

H.152 JEE Advanced Physics: Electrostatics and Current Electricity

So, we have

89.

90.

Go+Q-q=~(q0—4), where g, =CV
CV+Q-g=-CV+q

29=2CV+Q
q=CV+%
Q
3C

In the circuit C,,; = T

When key K was open, charge stored in the capaci-
3CV

tors was i, = 1

When key K is closed, capacitor 3C becomes short
circuited and hence the new chargeon C is g, =CV

= + =
I |
C 3
|y
I I
v
So, charge flowing is
AE] = ftinal ~ Jinitial
3Cv CV
= =CV-—=—
A 4 4

Hence, the correct answer is (C).

1
Energy stored in capacitor is, EC Vi=3]

On connecting this capacitor to an uncharged capaci-
tor, since charge distributes equally, hence both capaci-
tors must be same capacitance.
Cv+C(0) Vv
C+C 2

Total energy stored in two capacitors is

Now common potential, V' =

2
u= 1CV'Z + 1CV'Z = c(v) = 1Cvz
2 2 2 4
- u‘=§=1.5]
2

Hence, the correct answer is (A).
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91.

92.

93.

94.

95.

96.

C+C=§£
YT 6 G +G

Hence, the correct answer is (A).

T T
F I F me

1

For upper plate, we have
T=F, +mg (1)

myg

For m, , we have
T=mg .(2)
Equating (1) and (2), we get

2

mg = 2180*‘ mg

2

=1 +111,
2Ag,g

iy

Hence, the correct answer is (C).

Ve, =10-4=6V
Ve, =4-0=4V
Since, in series, we have
Vo _G
Ve, G
Cl VCZ 4 2
- —S4=-—2--==
G, Ve, 6 3

Hence, the correct answer is (B).

It is a Wheatstone bridge
Hence, the correct answer is (A).

1,2

_2gA
N

Hence, the correct answer is (B).

The capacitor is charged by a battery of 25V . Let the
magnitude of surface charge density on each plate be
o . Before inserting the dielectric slab, electric field
strength between the plates,

_o. Vv

E
Deod

97.

Hints and Explanations H.153

= E—E— e
" g 5x10

=5000 NC!

-3

The capacitor is disconnected from the battery but
charge on it will not change so that ¢ has the same
value. When a dielectric slab of thickness 3 mm is
placed between the plates, the thickness of air between
the plates will be

t=5-3=2mm
Electric field strength in air will have the same value
(5000 NC™) but inside the dielectric, it will be

E- 5000 _ 5000 — 500 NC™!
K 10

So potential difference is V =E ;. d;, + Ecqfmed

= V=5000%(2x107)+500%(3x107)
= V=115V

Hence, the correct answer is (C).

g KRd6 x

b
Since all small dC are in parallel, so

dC

CHAPTER 2




= CV+KCV=CV,
CV,-CV

SV
-V
Vv

= K

Hence, the correct answer is (D).

100. When switch is open

[ [
6 uF 3uF
- e
+200V 3 uF 6 uF V=0
] |
+11= +11=

g= Cqu (for both branches)
= =2x200=400

Hence charge on each capacitor is 400 uC
When switch is closed

I I
6 uF 3uF
— —e
+200V 3 uF 6 uF V=0
—A——1F
100V 100V
] ———
6 uF H 3uF
Equivalent
E— 3uF 6 uF
I
200V

7, = 600 uC and g5 =300 uC
Final charge on both plates is 300 uC

6uF - 3uF
Hp= @ fy)-
Nl

600 1€ 1300 4C

I Il
i F1IF
3 uF, 300 uC~ 6 uF, 600 1C

Initial charge on both plates is zero

400 4C ~400 4C

|1
+ 1=
400 uC

||
+11=
400 uF
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101.

102.

104.

105.

106.

Hence charge flown is 300 uC.
Hence, the correct answer is (A).

Since F =kx

T _ kx
2Ag,

2

xX= q
2Agpk

Hence, the correct answer is (A).
qu = Cl +C2 = 4ﬁ£0(?‘1 +f‘2)
Hence, the correct answer is (B).
GG
2(C+Gy)
Since V; =V and V,=-V
c?

2 2
-AU=—(2V)" =CV
= 4C( )

Hence, the correct answer is (B).

Loss =-AlU = (Vi-V, }2

5uF15uF
Ar— V=0
—
|—
2000V

20005
20

= V,-V.-=500

=500

Vi

SlnCe VC = O
= V=500
Hence, the correct answer is (D).

Equivalent capacitance of Arrangement-1
a
A2 | A2

K| oG
2

(Both C" and C” are
b in parallel)

C.'

ooty Gk

Y 2
= G=0C+C"
G, GK_ Gy
2
Equivalent capacitance of Arrangement-2

= C1= 1+K)
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o0
g A a
C2= 0 f’
d-t+— S
K
Both are same, so tI ______ — Id
Co(gpr)=_BA
2 t
d-t+—
K b
= @(zu):—eﬂAt
d—t+—
2
= 3d7§=2d
2
= a‘=2
2
= t=E
3

Hence, the correct answer is (A).

107. 5
4
. oB
3
2
oA
1
—Wﬁ
= A A2 s
3114
I
g,A

From figure it is clear that C,, = gCD = g( &l ]

Hence, the correct answer is (C).

108. Before the switch S is closed, then
g; =CoV
= g;=5x4=20uC
When the switch S is closed, then
qp=CV
= qp=10x4=40uC

= Wbaftery = (Aq )Vbattery = (‘?f —4i )Vbattery

110.

112

Hints and Explanations H.155

= Wbaftery =20x4=80 Ju]

Hence, the correct answer is (C).

109. Since between the plates, we have

.20 .0
2Ag, 2Ag,
E= 39
2A¢g,
p230Q { C_eoA} N
2Cd d (a4
L
Ed= g =V
2C o
Also, force on one plate due to other is <
F= QzEl E
2Q
F=(-
- ( Q)( 2¢,A ]
2 2
= F= _Q_ - _Q_
Agy, Cd

1
Energy = EsOEZAd
2 2
= U =1€0(£) Ad= EQ_
2 "\ 2¢d 8 C
Hence, the correct answer is (D).

When no capacitor, resistor or battery exist between
any two points in a branch, then those two points are
taken at same potential. Using this concept to solve

the circuit, we get

X

A

X
B°—H—I—{X Y
AHED—H—'B

1 1 1 1

= —=—+—4+—

Cﬁ,q C 2¢ C
= CE,,;,=E
5

Hence, the correct answer is (B).

Earthing a single point in a circuit does not change
the charge or current flowing in the circuit, So,
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|10V 117. + - Q=CV
II + -
+ —
+ —
c3 C .
A I + -
47’ = I : 02=CV
1
Since loss in energy is given by
1
VA—VNzo—x((:::%:?.S AU = GG, (V—V)2
C+3 2(1+Gy) 1 P
= V,-0=75 o -GS [V-(=V)]
2x2C
= V,=75V C

= -AU=—x4V?=CV?
Hence, the correct answer is (B). 4

Q0 Qfad d
2C; 2 2(gA gA

Hence, the correct answer is (B).

113. W=AU=U,;-U;=
! 119. i:%

2 2172 2 2
W_Q_i=CV _CV _gdV = g=it+a,where a=constant

C2gA 20 2 24

Hence, the correct answer is (A). Since V= %
114. Energy density = %5052 and E =% = V= ”%
Hence, the correct answer is (C). So, V' is proportional to time
115. Q=CV =120 uC and Hence, the correct answer is (D).
Q' =C"V'=50x12=600 uC gA

120. Ce,ff = T
= Charge Flown = AQ = 600-120 = 480 uC
Since effective capacitance between plates A and E

Hence, the correct answer is (C). is zer0, 50

116. Q Q 1
HEE e HE U=-CV*=
el 13 2

14F 10V 2u4F

A
2d

Hence, the correct answer is (C).

VZ

Applying Kirchhoff’s Voltage Law (KVL) between

A and B, we get 121. Gravitational force = ivng_g'=,mr(bz—asr2 )gh

Q Q Net upward force F =d_u=1V2£
Vy-——+10- — -V, =0 = =5V =
1x10 2x10 . _ o
where h is the height of liquid.
= (V,-V,)+10= 3Q - Now let us calculate C as a function of h .
2x10
= Q=10uC -
= VI#C=Q=%=]OV and
C 1uF h
szc=g=1§ﬁl:c=5\f
Since, qu =CA,',. +CK =2?T£Q(L—h)+ ZESQKP[

Hence, the correct answer is (C).

(5] ong)



(] ]
2me, (L+(K-1)h)
C=
lo (E)
8e|
= FZEVZ £—1V2 2ne,(K-1)
2 dh 1 (b]
08, E

122,

123.

Since F=mg ,so we get
%szzzreg(K—l)
b
log.| -
ng(a)
eV (K-1)
pﬁ(bz—az)gbge(?}
a

gV*(K-1)
p(b2 —az)glogf(b)

a

= pir(b2 ~d )gh

= h=

= h=

Hence, the correct answer is (B).

1
U==qV
54

Work done, W =gV

4
So, Loss of energy =gV - %qv = %
Hence, the correct answer is (D).
J: c
I -V
T |
Initially, energy stored is
2
U, = 1( E )VZ — CL
212 4
C
-V
KC
Finally, energy stored is
_1[ CxKC]Vz _ Kcv?
F2lc+ke)” " 201+K)

Since, W=AU=U; -,

ICON

124.

125.

126.

127.

Hints and Explanations H.157

_ ket ovr_covi( K _1]
2004K) 4 2 \1+K 2
_CV2(2K—1—K)_CV2(K—1)
2 0 20+K) ) 4 \k+1

Hence, the correct answer is (B).
Total charge =1.25 uC+0.75 uC =2 uC
Since, g, :q, =R, :R,=1:2

1

r 2
=—x2=—uC
= h=3 3:U

;2 4
and =—x2=—uC
P 3 3JU

Hence, the correct answer is (A).

CHAPTER 2

0,0
I

I
+q''-q

1 c? ] , 1C_ ¢
E loss =-AU =~ Vi=——x—
nergy loss U 2(C+C 22XC2

2 2
= fAU=q—= 74
4C  4gA

Hence, the correct answer is (A).

Q&
u‘_zc,
QZ
Uf=——
f
ZCf

As surface was deformed in such a way that charge
on original surface are coming closer or moving per-
pendicular to electric force acting on them, so total
energy of foil increases.

= Uf > ui
Q.9
2C f 2G;
Hence, the correct answer is (B).
CiVy
1 1’ r ’
2 |0 11733

313
Middle plate
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128.

129.

130.

ICON

Total charge on 2 and 2’ plate is

1=C.V = [ £,E,A s £, )V

d; d,
q & &
o=—=¢&V| —+—=

= 97 “(m @J

Hence, the correct answer is (A).
v _GVi+GY, G xV+G %0
common C,+G, C,+C,

14
common C1+C2

Hence, the correct answer is (B).

= <
KC, C,

= 7

X I=-x

gbxK . g (L-x)b

Cy=Ci+Cy = - y
g
= Cm=g%%+ﬂK7D)

EE=@§(K—1)£’f=ﬁé(f<—1)v
dt  d dt  d

Hence, the correct answer is (B).

Charge in the circuit flows only when potential dif-
ference across C, is either greater or less than that
across C,

[
e

= 3Gy # 4,6

Hence, the correct answer is (D).

131. When K; is closed

i

+

H_|V
Q=CV
2

1
So, initial Energy is U; = EC 4

When K, is also closed

132.

133.

134.

I

Equivalent circuit is shown here.

C
c " ¢
1 I | 3
c 2
||
I
CE,,;,=C+E=E
3 3
So, final Energy is LIf =%X%V2 =%CV2

Charge supplied by battery after closing K, is
Aq:§CV—cv=3CV
3 3

Energy supplied by battery is (Aq)Vier,
Also energy supplied by battery = U, —U; + AH

= Zevr2cv_leviian
3 6 2
1.
= AH=-CV
3

Hence, the correct answer is (C).

=
d

Hence, the correct answer is (A).

QuF 6 uF

——i

A1 I

2,B

pr=20%9 oy
15

= q=CV'=6x54=324 uC

Hence, the correct answer is (C).

C= % . If potential difference between plates is zero

then capacitance will be infinite.
Hence, the correct answer is (D).
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(] )
135 C, =4 C=2F
d—b+ b For Capacitor 2, we have {V _ =4KV
Qnax =8 mC

If weset b=0, we get

e A For series combination of capacitors, we have
_5

e PRRCEE
If Cx=2C 9 1+2 3
§A  2gA }Qmax =8 mC 6 mC
d7b+£ d andeax=%=2L=12KV
Coy 3 UE N
__ E
2b—d Hence, the correct answer is (B). =
Since, we know that K>0 and b<d 138. Allthe 3C capacitors are in series, so %
K= 2% and i+i+i=i :
2b-d 3¢ 3C 3C G, )
2b-d
70 > C,=C
d
= 0> 2 Since C and C are in parallel
= g <bsd = Cy=2

. Hence, the correct answer is (B).
Hence, the correct answer is (B).

136 139. Initially 6uF 3uF
- ] I
9 yr =18 uC v
‘hp]:=6auc [
'gv
G2 up =12 HC
Finally 6uF 12 uF
G, = 4meR, 96 ur =36 UC —I—
Vi=6V V, =3V
and C, =4R'£0(RR1R2 ] e =6 HC 1 [ ‘
2 e =3 HC Kl

Given that C, =nC,;
Hence charge on C, increases but on C, decreases.

RyR, .
———=nk Hence, the correct answer is (C).
Ry - Ry
R, 140. 5
e 1 A B
= ﬁl =1 1
2 2 43
R, -1 38 v|_':‘_
4
— & = L _I_— I "
R, n-1 v
Hence, the correct answer is (B).
v u=tevrilovroonr @AV
C=1pF 2 2 d

137.  For Capacitor 1, we have { V_, =16 KV
Qo =16 mC

Hence, the correct answer is (B).
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141. —HHH K
8 path o—+“:| }_—o
i =
i | d/2
FAFA (d—t+t)
So, N=4x8=32 p=i_1 K
. C gA
Hence, the correct answer is (D).
] , g d d )
142. -CV -~ Vv =_(d__+_
Since, Q=C 2o A R
So, for Q=5C,weget V=25V B ,_ﬂ 11
Since the capacitor is charged at a steady rate, hence T gA\2 4
it should be a straight line graph. i3
Hence, the correct answer is (A). = |'= a2
A4
143. 1uF _15uF 3

—— = V=2V
4
Hence, the correct answer is (D).

147. Let, Q, = C,V, = Initial charge on capacitor
[ Battery connected means V' remains unchanged

As separation is doubled, so C = %
1.
v -y, =301 (1) Sou Y Q)G
25 1755 )07y
VoV, = 30x05 _ 5 ) When battery disconnected, charge remains
! 3 unchanged
Subtracting (1) from (2), we get As separation is doubled, so C = %
V,-V,=-13V
e _Q_ G ¢y
. = U=-"= =CVy
Hence, the correct answer is (C). 2C 2( &)
2
144. 150 uC
“ 150 4C o W1
u, 4
Hence, the correct answer is (A).
148. qu = Cl + C2 + C3
s
Since 1/=Ql+(22—150><2x10 _aA aA _ ad _llgA

Ci+Cy  dmey(n+n) = ¢ 3d 3dx2 3x3d 18d

300x107° x9x10°
V= -
30x10

—9x10° V Hence, the correct answer is (C).

150. +q -9
Hence, the correct answer is (A). x t x

* X / AY

+ rd—h H—dr )i

L (B0

+ —

pod_ad

C gA 1 (q_(_ﬁn_ 29

Sil’lce VA _VB =— - =
dmeg\ r r Age,r




c=—1 = 2meyr
Va—Vs

Hence, the correct answer is (B).

151. 10V

Ill B
BY) 2V 4V = 4V (4V)

ICON
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158. 4uF

L'l

CAB =

3 2 uF

4C

= 42=

4+C+ ¢
= C=4uF

Hence, the correct answer is (A).

Hence, the correct answer is (A). 160. U= 1CV2 _ 1 @ V2 N
. = 0= 0
153. Q,=C\V and Q,=C,V 2 2 X E
0 . du _ VigA 1 ( dx ) _ VigAv -
—=-1 dt 2 x2\dt 22’ a.
Hence, the correct answer is (A).
= K=3 I
Hence, the correct answer is (D). 161 V= 18xC, _18x8 _ 146V U
G+C 10
156, 1 ,u_F| 4uF S
| LN and V, = —~—=18V
11
18V
||
Il
10V
, —
2 uF and 2 uF are reduced to 1 capacitor of 1 uF C,=2uF Cyp=8uF

and 3 uF and 1 uF are reduced to 4 uF .

(potential difference across 4 uF capacitor is calcu- “-

lated by voltage division Rule)
SiI‘ICE, Vs uF = 10 A%

Hence, the correct answer is (D).
+
1. = T

4+6
= Ceqz(T](]_‘uF)=5ﬂF

(potential difference across 5 yF is same as Battery) Hence, the correct answer is (A).

Vsgp 10 5
Hence, the correct answer is (C).
157. When switch is open then

8x4 320
=—x40)=— C
Qi 0 3 H

When switch is closed, then
, =8x40=320 uC
Charge flown through AB is

320 _ 640

Aj=g =01 =320-—=

Hence, the correct answer is (B).

164. C1=1U ‘UVF, sz?
V=100V, V,=0
and V =40V

common
. CV; +C,V.
slnce Vcommon = 1 l 2 2
C+G

= C,=15uF

Hence, the correct answer is (A).

165.
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Common potential is given by

q+q, CV+3CV
chmrnon = = K
G+G o keemac
2
yo v sy
= common ~ & - 5K

2
Hence, the correct answer is (C).

GG,

166. —_
2(C1 + Cz)

Loss =-AlU = (Vi-V, )2

Hence, the correct answer is (C).

167. C

C

c 3
HH—o {

“
P— P,2

Hence, the correct answer is (C).

168. When only S, is closed

1uF  3uF
—
%4
2 uF 4 uF
12V
V’=12X3 oy
4

= Lhm:=1><9=9ﬂc

When both S, and S, are closed

ICON

-+ Coq=3C

169.

171.

172.

1uF

——

3 uF

—-

—H—

2uF

-

4 uF

=

3uF
v”

7 uF

12V

12V

"

_12x7 42
T

42 42
rn=1x—=— uC
0 uF 55 H

h_ 9 _H_15
g 2 0 1
5

Hence, the correct answer is (C).

Iy =E—I§ Since both capacitors are charged to same

potential difference hence current at =0 will be

same in both circuits.

Time taken in 50% dischargingis t=0.693RC
So, 1 uF will take less time compared to 2 uF
Hence, the correct answer is (C).

When two capacitors are in series

o
L
-

“—>
X1 X2
1 %, % _nutxn
Cy &@A A A
_ &A
eq —
x1+x2
gA
= Gy

~ Sum of separations between plates

Now in given arrangement, the capacitors are in

series and sum of separations =a-b

A C P  CB
1T 1
Av—i c‘L +—B
c
A R B
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174.

175.
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ﬁ 178.
C I
|!-\P |C|:
= A i 1 B
(o
I|
I|
v
(o
[
11
2C C
= | 1}
Vv
I
Il
v

Potential across 2C be V’, then

V,=V><C:K

3C 3
: —C_V
1273

Hence, the correct answer is (B).

Battery disconnected

179.
= (= constant
= As d increases, C decreases. So, U increases,
V' decreases 180.
Hence, the correct answer is (A).
Since outer surfaces both have equal charge, so
9] ]9 -9 |-20+q
-q=-20+¢q
2
= q= 0. 10 uC
2
Hence, the correct answer is (A).
Capacitor between P and R will not acquire any
charge.
C
[
1
C CP, C
Qi E—y s ot

Hence, the correct answer is (A).

Hints and Explanations H.163

2 uF 3uF
|| Il
11 11
A1,2 1 5B
2 uF
Py
2 uF 3 uF
[+
20V
U
6uF 6 uF
(o]
Vv, o
]
-
Q.
20V <
V=10V XL
U

= gc, =10x2=20 uC
Hence, the correct answer is (B).
21,2
U= 1(:11/02 and U, = GV
2 2(C+G)
Hence, the correct answer is (A).

Using point potential method, the circuit can be
redrawn as

3 c
3 (C+4)
i s
§ 12V

|
12V

Since, 4=C,V
48=%x

= 48+4C=8C+32

= 16=4C

= C=4

Hence, the correct answer is (A).

12

QQ
+ eV
4+ =
+—
+_
X
I
it

4
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Since U=1%V2
2 x
(1_1)
= d—u=1€0AV2£
at 2 dt
L 15k,
dat 20 x* J\dt
d_uuiocx_z
dt x2

Hence, the correct answer is (A).
Cog=Ci+Cy=2+2=4 UF

= 9=C,V =4pFx8=32uC
Hence, the correct answer is (D).
7 =CpV

_10x20x10°°

0 x3x10% =2x107

= g,=20000x10 =20000 uC

Hence, the correct answer is (B).

Multiple Correct Choice Type Questions

1

The capacitances
_KigA KygA
B
2 2
The capacitors are in series. So, the effective capaci-
tance is
_CG  2KK, ((gA ]
C,+C, K +K\ d
So, the OPTIONS (A), (B), (C) and (D) all are correct
Hence, (A), (B), (C) and (D) are correct.

G

and G, =

Since Pand R are earthed and so they can be
assumed to be connected to each other. Hence, ‘P +Q’
and ‘Q+R’ are two capacitors with the same poten-
tial difference. If Q is closer to P than to R then the
capacitance Cpy is >Cpg . The upper surface of Q
will have greater charge than the lower surface. As the
force of attraction between the plates of a capacitor is
proportional to Q” so, there will be a net upward force
on Q which can balance its weight.

Hence, (B) and (D) are correct.

The magnitude and direction of electric field in differ-
ent regions are shown in figure. The direction of the
electric field remains the same. Hence, OPTION (B) is
correct.

- — -—
— —— + | —
- — — +
—— e | —
- - -«—
- — —
- — |t— | ——— 4
- — -—
- — -—
+ — —
— —— +— +
Ey Ey

x=0 x=d x=3d x=4d

Similarly, electric lines always flow from higher to
lower potential, therefore, electric potential increases
continuously as we move from x=0 to x=4d.
Therefore, OPTION (C) is also correct.

Ea
d 2d 3d
1 X
—_ I
I : | I

The variation of electric field (E) and potential (V')
with x will be as follows :

c

|
|
|
|
|
|
|
|
|
l
|
2 X

Let the length, width, thickness and dielectric constant
of theslabbe 7, b, d and K respectively. The initial
capacitance of the capacitor is given by

_ &Kib
d

When the dielectric is pulled out of the capacitor with
aspeed v then, at time , the length of the slab that
has been pulled out is vt . At this instant, the capacitor
may be considered as a parallel combination of two
capacitors, an air capacitor having area b(vt) and a
dielectric capacitor having area b(/—vt).

Co

e o >



ICON

Hence, the net capacitance as a function of time will be
equal to

Ce g (vt)b e, Kb(Z-0t)

+
d d
C=%(Ut+K(ﬂﬂ)£))

&b
d
It is observed that the net capacitance C varies with
time t linearly and slope of this line is negative and has
positive intercept on C-axis. Hence, the OPTION (D)

is correct.
When the battery is disconnected, the charge on the
capacitor remains constant and at time f, the poten-

tial difference across the capacitor will be V =% and

C="2(Ke-(K-1)ot)

hence the curve between C and V is a rectangular
hyperbola as shown in OPTION (C). Now since we
observe that C decreases with time as a result of

which V' also increases from initial value V= 1,

So, OPTION (A) is also correct. 0
Let the potential difference between the plates of the
capacitor be V', then the energy stored in it is equal to

U= %qV , where gremains constant. Hence, energy

UeV . So, the curve between U and V will be a
straight line passing through origin but since the min-

imum possible non-zero value of C is Cy = EOTHJ ,
therefore, the curve must start from this minimum
value of C . Hence, the OPTION (B) is also correct.
Hence, (A), (B), (C) and (D) are correct.

Since the given circuit is a series combination of two
identical dielectric capacitors, therefore, charges on
these two capacitors are equal. So, when the dielectric
slab of the capacitor B is pulled out, its capacitance
decreases, as a result of which the equivalent capaci-
tance of the series combination also decreases. Hence
the charge on series combination begins to decrease as
a result of which an anticlockwise current starts flow-
ing through the circuit or a charge flows from a to b.
Hence, the OPTION (A) is correct.

Also the capacitors are in series with each other, so
the charge on two capacitors remains same or both the
capacitors possess a common charge at all instants and
hence, the OPTION (B) is incorrect.

As studied and discussed earlier, we know that
a charged capacitor always attracts the dielectric in
the space between the plates. So, capacitor B exerts

10.

11.

Hints and Explanations H.165

a force of attraction on the dielectric slab. On pull-
ing the dielectric slab out of the capacitor, a work has
to be done by the external force F. But if the slab is
pulled out slowly then a very small current will flow
through the circuit. In that case, heat generated in the
circuit will be negligible. Hence, it is not necessary that
significant amount of heat is produced in the circuit.
Therefore, the OPTION (C) is incorrect.

It is also observed that an anticlockwise current
flows in the circuit during the process ie., the bat-
tery is being charged which further means that the
internal energy of the battery increases. Therefore, the
OPTION (D) is also correct.

Hence, (A) and (D) are correct.

Let C, be the capacitance initially and C be the capac-

itance finally . Then C, = %

CHAPTER 2

Since, Q =CoV

gAV
d

Q:

Further E, =% and E =%

vV

= E=—
Kd

1
Also, if U; is the initial energy, then U =EC0V2

After the introduction of slabif U, be the final energy,
then

2
1., 1 14
=5ovia =50 i
2
= Uf = ECOV
2 K
= Al= U2 - U1
= AU= 1C0v2[l1]
2 K
Since work done = Decrease in Potential Energy
= W=-AlU
2
W=180AV (11)
d K

Hence, (A), (C) and (D) are correct.

Capacitance without water is

_&A _gx001_

L 0.01

0

= C,=885x10"F
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When water rises by 1 cm

_ gy x81x0.001 . £,(0.01-0.001)
0.01 0.01

= C(C=8.1¢g+09¢ =9,

= C=9(885x10™ F)=80F

Let mbe the mass of water that rises to a height of
100 cm, then

= (0.001x0.01) x 1000 = 0.01 kg
By Law of Conservation of Energy, we have

q _ g msh
2C, 2 2
2 2
q—zq—+mgh
G C
Now, qg=C,V
202 17202
= VC@=VCD+mgh
Co C

= VZCO(I—%)=mgh

- Vzeo[l—g—o]:D.le‘).SxU.Dl
9¢y

_ \/9x0.01x9.8 x0.01
8.85x107% x8

1110V
Hence, (A), (C) and (D) are correct.

= V=

On connecting the conducting sphere having charge
Q with a conducting shell having no charge, the
entire charge must flow out to the uncharged shell.
{OPTION (O)}

The capacitance of the outer shell of radius 2R is
C=4mey(2R).

2 2

So, energy liberated is U = e__Q .
2C  1lemgyR

Hence, (C) and (D) are correct.

The spring force F; acting on plate a is given by
F = —kxi

Similarly, the electrostatic force F, due to the electric

field created by plate b is
2
= 2 o\ Q -
F,=QEi=0Q| — [i=——i
=0 Q(ZeUJ 2A¢g,

16.

17.

where A is the area of the plate. Notice that charges on
plate a cannot exert a force on itself, as required by
Newton's Third Law. Thus, only the electric field due
to plate b is considered. At equilibrium the two forces
cancel and we have

Q
kx:Q[zAED )=QE
which gives
Q* _QE
" 2kde, kAg, "k

Hence, (A), (B) and (C) are correct.

The effective capacitance
4x5_20
RCIR

The charge on C; is given by

29—0><9=20;£C

— uF

Q1=CV=

The charge on G, is given by

20=8 uC
Q,= [C2+C3]Q1 —X U

The charge on C; is given by

—x20=12 uC
Qs = (c2+c3]Q1 5 #

Since, Qz Q3
2 3
C C,+C
= Q1=Q2+Q3=Q2+C_3Q2=Q2[ ZC 3]
2 2

| G 2
= QZ_(C2+CJQ1 [2 3]0 8 uC

3
and Q3—[C TC ]Ql (2 3)20 12 uC
2tls

Hence, (A), (C) and (D) are correct.

When either A or C is earthed (both not earthed
together), a parallel plate capacitor is formed with B,
with +Q charges on the inner surfaces. The other
plate, which is not earthed, plays no role, hence charge
of amount +Q flows to the earth.

When both are earthed together, A and C effectively
become connected. The plates now form two capaci-
tors in parallel, with capacitances in the ratio 1:2, and
hence share charge Q in the same ratio.

Hence, (A), (B) and (C) are correct.
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18. Condition for a balanced Wheat Stone Bridge.

Hence, (A) and (C) are correct.
2
19. Since, F= —1—
2g,A

Hence, (A) and (D) are correct.

21. The distribution of charges is shown in figure.
Applying Kirchhoft’s loop rules for loops @, @, and ®,

we get
LOOP @
_@+q_3+€',l_l= 0
5 075 15
= ;-3q,+20g; =0 (D)
LOQOP @
Bk L N | Sl S I 30.
15 0.75 5 0.75
= 36?1_%_44[?3:0 (2)
15 uF 5 uF 15 uF
| o | A |
HI= FlI= paf
g1 91-3qs3 g1
pul s ==
@0.75;1F:_Q'3 0'75‘UF¥1% @
gz qx+4Q3 o]}
1= 1= =
+HI="p F 1= f HI=
SuF 15 uF 5 uF
@ | 31.
|i
23V
LOQOP ®
23_‘?_2_‘?2"‘@3 _‘i_2=0
5 15 5

Solving for q,, q,, g5, we get

_19x345

13x345
T 92 =

35
1277,

B

Potential Difference between a and b is

V_q_3_3454

==X 225V
075 92 3
Potential Difference between e and f is
Vl’f = _5 V

Hence, (A) and (B) are correct.

27. The equivalent capacitance of the arrangement here is

C where
32.
l=l+i+i = C=§‘uF
C G G G 3

Hints and Explanations H.167

The potential difference across the combination is 90 V
and hence the total charge is

Q=CV=23_0><10-6><90=6><10-4 C=600 uC

Since all the capacitors are in series and hence all
capacitors will have the same charge given by

Q=CV

The potential difference across each capacitor will be
in the inverse ratio of their capacitances.

So, the potential difference across C; is 30 V, the poten-
tial difference across C, is 20 V and the potential dif-
ference across C; is40 V and hence all the OPTIONS
(A), (B), (C) and (D) are correct.

Hence, all the options are correct.

CHAPTER 2

q:CV:COVU

_ gAYV, _ gAV
d (d+7)

£, (d+1) ( ﬂ]
= V= Vi=[1+—= 1|V
d G PR S

and C:EOA: gA G

d+! d[l+£) (l+£]
d d

Hence, (B) and (C) are correct.

where Cy = % and ¢

&h,, _

CS=&=1.6;1F
2+8

Since Q=C,V =1.6x10™ x 300
Q=48x10"C

_48x107

= ox10 8 =240V

1

_48x10™
8x107°

2 2
u - Q_+ Q_
2C, 2G,

2 =6OV

42
. u=(4.3><210 )[

r
16x10™
= U=3x24x107]
= U=24x107]

Hence, (A) and (D) are correct.

Since battery is still in connection. So,
V=V,
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= Q=CVY, and
Q=kCVy

= Q=kQ,

Since k>1

= 0>0Q,

1
Also U, = EQOVCI and

1
u=EQV=kuO {'.'Q=kQﬂ aﬂdV=Vﬂ}

Hence U > U,

Hence, (A) and (D) are correct.

Since same charge flows through 7 uF and 3 uF (as
both are in series), so

Qr=Qy=42uC

= 7x6=3V;

= V=14V

So, Vye=20V

Charge on 12 uF capacitor is
Q=039+

7x3

= Quﬁmxm+7+ x 20

= Qp; =120 uC =Total charge in the circuit.

12
V12 :_O:].U V
12

Voltage across battery is 14+6+10=30 V
Hence, (A), (C) and (D) are correct.

-Q +Q
KC_—— —__KC
+Q|A E -U (B
[
a b
KCE
Q _

On removal of the dielectric from B, let a charge g
flow froma tob. Then by applying Kirchhoff’s Loop
Law, we have

q
-Q+q Q-q
KC C
Q-q|A Q+q

aqgb Eq

35.

Q-7,.Q-79_;
K C
= —x=[L]CE
K+1
| KeE_ =(L]C
2 K+1
= o= 31 -7 (o)
K-1
= 4= Q(KH]

Since K is always greater than one, so g is positive
and hence we have the charge flowing from a to b.
So, option (A) is correct.

Final charge on B equals the final charge on A, so
option (B) is incorrect.

During this process, energy received by the is battery
is (A7) Vyattery = GE - So, option (D) is correct.

Hence, (A) and (D) are correct.

The charges stored in different capacitors before and
after the switch S is closed are shown in figure(s).

ZOyC
404G 60 uC
I
- -
20yC
|\
30 v '30V
Before After

The amount of charge flown through the battery is

Ag=q;—4i=20 uC
So, energy supplied by the battery is

wbattery = (Aq ) Vbattery
= wbattery = (20 X 10_6 )(30) = 06 m]

Energy stored in all the capacitors before closing the
switch S is

U, = C Vi=

net

1(4x106}3m2=u6nu
213
and after closmg the switch is

1 2 1 -6 2
Uy = CoaV =pr10 (307 =09 mJ

Since we know that Wy,yer, = AUc +AH
So, heat generated AH is given by
AH = Wbattery - AuC =03 m]
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37.

38.

and charge flown through the switch is 60 uC.
Hence, (A), (C) and (D) are correct.
cv -cv

%

When the battery is disconnected, then the charge
will remain constant. Now when the plates are pulled
apart, then we have

o
E = —= —Q
g Ag
So, E remains constant and hence option (A) is correct

Work is done against attractive force by the external
force F,

ext

F ele F, ext
o

—

So, option (B) is also correct.
1
Since, U = ECVZ

When the battery stays connected to the capacitor,
then V = constant . When the separation between the

o . . £A
plates is increased, then capacitance given by C = -2~

decreases and hence U also decreases. d
So option (C) is also correct.
Hence, (A), (B) and (C) are correct.

A+30,-30
I

q y

-30, I+30
D I
The common potential is given by
V: CIVI _C2V2 — 30_30 :0
G+CG G+G
Final charge on the first capacitor is
Q' =CV=0
Final charge on the second capacitor is

So, final energy stored in the arrangement is zero.

Let a charge g flow from A toD, then
30-g=0
= q=30uC

Hence, (A) and (C) are correct.

41.

Hints and Explanations H.169

T¢, = Tc, = 2RC =17, (say)
i)
g, =(CE)\1-¢

!
and q2=(2CE)(1e rc)

qm_1 :
- =— (atany time)
2

So, the ratio of charges in steady state is also 1:2

t

Now, %=ge fc
dt 1

dg, 2CE

and 22 -, %
Tc

[4(4)

The option (A) is wrong.
Hence, (B), (C) and (D) are correct.

CHAPTER 2

. In steady state, the potential difference across C; is

20V and potential difference across C, is 0V . Then,
charge stored on C; is 40 uC and charge stored on
C, is0uC.

20V 40V 60V
— s
10 20 3Q

120V

Hence, (B) and (D) are correct.

Let the charge flowing from the positive terminal to
the negative terminal of the battery be g, then

o2
Q+q9 Q-g
Q Q

Ql+qg -q|Q

Olo

Total charge on plate x is

Q+7=Q+Q=2Q

Total charge on plate y is

Q-9=0-Q=0
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The energy supplied by the cell is

2
Wbattery = (8)'4 = QC = CV2

Hence, all the options are correct.

42, (A) u=%cv2

9. Since V= Q
C

If sizes of two capacitors are different then potentials
will also be different. Thus potential difference may
exist between them although they carry same amount
of positive charge.

As source between the plates is connected, so Hence, the correct answer is (D).

potential difference remains constant. But capaci- 1,
tance C becomes KC hence energy stored is

increased by factor K.

(B) Electric field % is not changed.

. The sum of charges on both the plates should be zero.
Hence, the correct answer is (A).

11. The capacitance depends upon the geometrical param-
eters only. And if Q is increased then V' increase.

(C) Charge on each plate is increased by factor K Hence, the correct answer is (C).

hence force between them increases by a factor of 1,

K2
(D) Since Q=CV

. In the given case V =V}, (constant)

Energy stored in the capacitor = %C v

Hence charge becomes KQ as C becomes KC C’"=CK, so energy stored will become A times

and V' remains unchanged.
Hence, (A), (C) and (D) are correct.

Reasoning Based Questions

¢ ne(29)

Q=CV,so Q will become K times

K
surface charge density ¢"= Zq =Koy

Hence, the correct answer is (C).

dre, 13.
A B A B
Vg + -+ + -
+ -+ + -
+ - + -
+ - + -
V=VA1_VE+VE V’=VA1_VB?
=V<V
Hence, the correct answer is (C).
1 o 1, ¢ -8k
R
dreg\ a b dmea\a b Q:(ﬁJ(d_Z]:(ﬁJ[d_Z]z[l)(l]zl
Hence, the correct answer is (A). G \d LK Ky )\ dy 2\3) 6
7. Equivalent capacitance of parallel combination is Hence, the correct answer is (B).
Cparallel = Cl + C2 + C3

Hence, the correct answer is (C).

Linked Comprehension Type Questions

8. When the battery is disconnected from the capacitor, 1.  Since,

then Q = constant

Q*_ Q4
E ==
= Energy«d

Hence, the correct answer is (D).

co_&A_
d—t+i
k
o C= egA
d-——+-
3
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Hence, the correct answer is (D).

According to question
qA _36A
st 24

2

r 2
Solvi t —=—
olving we ge 13

Hence, the correct answer is (A).

2 2 2

. . q q q
F d l t U === =
it 24
2

For conductor with air filling the complete space, we
have

2 2
uZ:q_:iq = ﬁ:é
2C, Z(M] u, 2

d

Hence, the correct answer is (B).

Plate b and ¢ are joined together and they are neither
connected to any of the terminals of the battery nor to
any other source of charge. So, they together form an
isolated system.

Hence, the correct answer is (D).

The charges, before the switches are closed are shown
here

6 uF 3 uF
ajb .~ cyd
I S, 1
100V 50V

SN /5

In steady state, after closing the switch, let g charge
goes from battery.

Hints and Explanations H.171

6 uF 3uF

—

In
|l
200V

Then charge on each will increase by g
Applying Kirchhoff’s Voltage Law, we get

200_(600+q)_(150+q)=0 .
6 3

q=100 uC

Hence, charge on 6 uF capacitor will be 700 uC and
that on the 3 yF capacitor will be 250 uC.

Hence, the correct answer is (B).

CHAPTER 2

From all the switches 100 uC of charge will flow.

Hence, the correct answer is (D).

Let d be the separation between the plates and ¢ be
the length of the silk thread, then in the final position,
we have

= 6=30° {with plate A}

Hence, the correct answer is (A).

When the ball again touches the plate A, the charge on
plate A, ie., Qp=CyV,, redistributes on A and ball.
Let the charge on plate be Q) and onball be Q after
redistribution such that the common potential is V.
Then

Q+Q=CV,

% _G
0 C

D_1,%

= 1+==1+
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C ’
= Q= C+Co](Q+QO)
C
- v
= @ (C+C0 Gl

:Q: CDVO
c c+G,

Hence, the correct answer is (B).

9. In the final position of the ball, the free body diagram

shows that
Tsinf=QE= Q(%]

and Tcosf=mg

Tcosé@
-
\9(
< N
Tsing
ymg
= tan9=Q—V
mgd
2
= mgtan9=Q—V=(CV)V=CL
d d
Since V=M
+C,
2
= mgtanl?=E oo
d\ Gy +C

CoVy _ mgdtan6
(Co+C) C

Ci+C [medtan®
= V= OC H gC
0

C 50
= W =(1+C_0}\/m(10)(ﬁ

Hence, the correct answer is (C).

= V0=[1+

0, Ga-l
C; K

Hence, the correct answer is (B).

)

tan 30

C

16.

17.

18.

22,

23.

15. Cocr

C_A_rA_Z

Cg np 3
Hence, the correct answer is (A).

The charge will be shared till both attain a common
potential V (say).

Then
Q_GV_ G _3
Q GV G 2

= %+1=§+1
1

S 2t _3+2

Q -

L Q.3

Q 2
2
= Q1=?Q

Hence, the correct answer is (C).

(Uy), _ﬁ_(ZJZ_ 4

(Us), g7 \5) 25
Hence, the correct answer is (C).
1.2
EC]V ~ C]_ ~ 2
Uf 1(C1+C2)V2 C1+C2 2+3

2
5

Hence, the correct answer is (B).

Capacitor A is a combination of two capacitors Cy
and C, in parallel. Hence,
Ke, A g,A

—=(K+1
St =K

g,/
d

CA=CK +CO=

Here, A=0.02 m” Substituting the values, we have

8.85x107'7(0.02)

Ci=(9+1
4=+1) (8.85x107)
= C,=2x10°F=2nF

Hence, the correct answer is (B).

Energy stored in capacitor A, when connected with a
110 V battery is

1o 1 9 2
Uy=CaV _E(leo J(110)

= U,=121x10"]=12 4]

Hence, the correct answer is (C).
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25.

26.
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Charge stored in the capacitor

44 =C,V =(2x107)(110)

= q,=22x107C 27.

Now, this charge remains constant even after battery
is disconnected. But when the slab is removed, capaci-
tance of A will get reduced. Let the new capacitance
be C’,. So

_g,(24) (885x107)(0.04)

C’ = - F
ATy 885x 10 28,

= (/4 =04x10"F
Energy stored in this case would be

" _l(%)z_l(z.zxw”f
2 ¢ 2(04x107)

= U,=605x10"]>U, 29.

So, work done to remove the slab would be
W=U"y~U, =(605-121)x107]
= W=484x10"]=484 4]

Hence, the correct answer is (A).

Capacitance of B when filled with dielectric is 30

_KeA_ (9)(8:85x1072)(0.02) .

“=" (885%107)

= C,=18x10"F

These two capacitors are in parallel. Therefore, net
capacitance of the system is

C=C'y+Cy=(04+18)x107 F
= C=22x10"F

Charge stored in the system is =g, =22x107 C

S g u- 1L _ i -
r t 7] =T =4
0, energy store €20
2
1(22x107)
= Uz L
2 (22x10°) 32.

= U=11x10"]=114

Hence, the correct answer is (B).

Capacitors 2 and 3 are in parallel and give equivalent ~ 33.

capacitance 6C, Which further is in series with capaci-

. 1 1 1
tor 1, so the battery sees capacitance — = —+—
Cret 3C 6C

Hints and Explanations H.173

= Cu=2C
Hence, the correct answer is (C).

If they were initially uncharged, C, stores the
same charge as C, and C; together. With greater
capacitance, C, stores more charge than C,. Then

Q>Q0>0Q;
Hence C; > C, >C; (in terms of charges)

Hence, the correct answer is (A).

The (C,[|C3) equivalent capacitor stores the same
charge as C,. Since it has greater capacitance, so
AV = C implies that it has smaller potential differ-

ence across it than C;. In parallel with each other, C,
and C; have equal voltages. AV; > AV, = AV, . Hence
C, >C, =G5 (in terms of potentials)

CHAPTER 2

Hence, the correct answer is (C).

If C; is increased, the overall equivalent capacitance
increases. More charge moves through the battery and
Q increases. As AV; increases, AV, must decrease so
Q, decreases. Then Q; must increase even more: Q;
and Q, increase; Q, decreases. Hence charge on C;
and C; increase but that on C, decreases.

Hence, the correct answer is (B).

. Each face of P, carries charge, so the three-plate sys-

tem is equivalent to

| P>

12V— Pi==P, :_P
3

Each capacitor by itself has capacitance

o KeoA _(885x107)(75x10)
d (1.19x10°)

=558 pF

So, equivalent capacitance = 5.58 + 5.58 =11.2 pF

Hence, the correct answer is (B).
Q=CAV+CAV

= Q=(112x10")(12 V) =134 pC
Hence, the correct answer is (C).

Now P; has charge on two surfaces and in effect three
capacitors are in parallel

C=3(5.58 pF)=16.7 pF

Hence, the correct answer is (D).

Only one face of P, carries charge
Q=CAV=558x10"2 F(12V)=67 pC

Hence, the correct answer is (B).
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34. Let V; and V, be the voltage across 1 and 2 yF capac-
itors respectively. Then

In series the charge Q on each capacitor is same,
therefore we have

Q Q—300
GG

= l+— Q=300
G G

Here C,=1uF, C, =2 uF

0= GG, 300(1x10°)(2x107)
C+C  (1x10°+2x107)
= Q=200x10"° C=200uC
= VI:Q:M:ZUOV
C, 1uF
C, 2uF

Hence, the correct answer is (D).

35. When the plates of same polarity are connected
together, the capacitors are in usual parallel combina-
tion. In parallel the potential difference across each
capacitor is the same.

Q)

Cy
Q, )

—— |/ ——p

The common potential difference

_Q+Q 20

C+C C+G
~2x(200 uC) 400 uC _ 40
(1uF+2uF) 3uF 3

If Q] and Q; are new charges on the respective capac-
itors, then

, 400 400
Qi =CyV = (1 4F)x (3 ] 7#C

800
— uC
3 H

MRYRPNEY

Hence, the correct answer is (C).

36. When the opposite plates of SITUATION (1) are con-
nected together, the charge will flow from the capacitor
of higher potential to that of lower potential until their
potentials are same. The net charge is then (Q, -Q, ).

Charge flow +|- Q7 e
= I
H
— +C2
mlH e
&1 @, -

«—100V— «— V' —

@ (b)

If V" is common potential difference across the capac-
itors, then

R it _ (200 E-200 uC) _
C,+C,  1uF+2uF
The charges after sharing
V=CV”=C(0)=0
Qy=CV"=G,(0)=0

Hence, the correct answer is (A).

37. When the opposite plates of SITUATION (II) are con-
nected together, the charge will flow from one having
larger quantity of charge of that of smaller quantity of
charge ie., from C, to C,, to make common potential

V' (say) given by
(2 )
(@00 s~ 5 )" w0,
C;+C, (142) uF 9

= Charges after sharing are

L Clvul — (1 ‘uF 4;2 V ) - 400 ‘uc

and QU=C,V" = ? uC

Hence, the correct answer is (B).

38. Initial charges on first and second capacitors are
7:=CV, =100 uC and g, =-C,V, =-300 uC finally,
let the common potentialbe V, then g, = (C; +C, )V.
So, by Law of Conservation of Charge, we get

(C1+C2)V=C1VO+C2(—V0)
v=[9"Gy,
C+GC,
V= (3 ])100 50V
3+1

Hence, the correct answer is (B).
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39.

40.

41.

42.

43.

(m),=CGV=(1 UF)(50 V) =50 uC
Hence, the correct answer is (A).
(qz)f =G,V =(3 uF)(50 V) =150 uC

Hence, the correct answer is (C).
Uf=%(C1+C2)V2

= uf=%(4><10*)(2500)
= Uy =2x107x 2500

= Up=5x10"]=5m]

and U, = %(c1 +C, )V =200 m]

= Loss =U;-U;=15m]

Hence, the correct answer is (C).

2k A B k

45,

S
50V

Final energy of capacitor is 10x107 |
-3 1 2
= 10x107 = Ecﬁml (50)

= Cina =C, =8 UF

A
Since, C = 807

G_4

G 4
d 2
C=—2C=(—)8=2F
- 1(d1]2 8() g

So, the capacitance of the capacitor when the switch S
is not closed is 2 uF.

Hence, the correct answer is (C).

If x; and x, be the extensions in springs connected to
plates A and B respectively, then we observe that

F =(2k)x1 =kX2

Also, x;+x,=d;-d, =8-2=6mm

4.

46.

Hints and Explanations H.175

X2
= =4x,=
5, Th
= ﬁ=6
2

= X=4mm

So, xlzx—zz=2mm

Hence, the correct answer is (B).

Since force between plates of the capacitor connected gl
to the battery is given by (a4
1V 10x107° -
F=-22_= —=5N -
2 d,  2x107 a.
<
= (2k)x1 = 5 I
V
5 5 4
= ky=2k=—= — = 2500 Nm
x o 2x10

Hence, the correct answer is (C).

Since, we know that

_ 5 5A gA
Ceq = 1) 03d 07d 0.4d -+
d-H1-—| —+—
1 7
When plate was absent, then
t=0.7d
K=7

— o —>»

¢, =& _1 uF
d
So from equation (1), we get
C = E = 25 ‘HF

eq
Charge stored =C, V' =25x10=250 uC
Energy stored = %(25)(1[})2 =1250 pJ
Hence, the correct answer is (B).

After disconnecting the battery, when the slab is
removed, then let new charge on the capacitor plate be
q¢- So, we have
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—10+q—f=0
10

00)?
2x10

New energy = =500 yJ

Hence, the correct answer is (A).

47. Since Wiyer, = AU +AH

where, wbaﬂ'ery = (Aq ) Vbattery

Since the positive plate of the capacitor is connected
to the negative of the battery, so gg,, =-100 uC,
whereas we observe that g, =250 uC. Hence the
charge flown through the battery is

| A7| = | Gfinal = Finitiat | = 350 4C
Also, AU = Ugp — Uy =500 - 1250 = =750 1]
= 3500 =-750+AH

= AH =4250 y]
Hence, the correct answer is (D).

48. Method-1
E = 9 and E, = 20
2Ag, 2A¢g,
= E = El + E2
E= 3Q
2A¢g,

Potential difference between the plates is

AV:E(Sd)=[ 3Q Jw:ﬂ
2Ag, 2C

Method-2
-2Q A

49.

50.

V=Qinside — (%] =@
Ul
3d

where, C = % as said in the question.

y-2
2C
Hence, the correct answer is (B).
Method-1
Since field between the plates is
_ 30
2Ag,
Since electric energy density is given by
1
Ugloctric = E E(]EZ
1 (30 ) 9
= Uglectric = 7 €p Q = Q 2
2 "\ 24g, 8e,A

So, the electric energy U is obtained by taking the
product of the volume of the capacitor with the energy
density. Hence

U=A(3d)(%80}32)

2 2
u :A(3d)(180E2)=3Ad X > |= 279
2 8e,A 8C
Method-2
U= (Qinsm‘e )2
2C,
2]
- 2
= U= 2 = 270
2(@) 8C
3d

Hence, the correct answer is (C).

Q =20 v

—_

m 2m

Q -2Q
"
By Law of conservation of Energy, we have

{LossmElect—rostatic] ( Gain in Kinetic ]

— 30 —»

Energy of system Energy of system
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o0
1 > 1 )
= uinitial_uﬁnal:—m(zﬂ) +=(2m)v
2 2
27 2 2
= Q —gd’vmv2
8C 8C
2
o g

4C
2
o oo 3 Q1
4mC 2 V3mC

So the relative velocity of approach of the plates is

vrel:‘gf":@ L
2 \3mC

Hence, the correct answer is (D).
52. Since both the capacitors are in parallel, so we have

C=C,+C,

_ KegWn | gWI(L-h)
d d

C

K-1)h+L]

e W
c=30""
= d[(

= Keff:[(K_l)h+1:|

Hence, the correct answer is (A).

53. When the tank is one-fourth empty then it is three-

fourth full, so h= i—L and hence

K+1
Keff:T

Hence, the correct answer is (D).

54. It is observed that potential difference across C; is
12V, so we have

Cy C, Cs
K
Yo
I\
‘l
1
_ G
2= 22—V, (1)
G G G

Now, when the dielectric material (K=3) between
the plates of C, is removed then the new capacitance
becomes Cj, so that

Hints and Explanations H.177

G
3

In this situation, the new potential difference across
C; isfound tobe 9V, so

Cy=

C1 C’E CS

——

Vo
L N
1 i
B -
9 - m VO e (2) &
G, G G <
It is also observed that the potential differences across E

C, and C; are equal, so we have

= V=GV
, C
= C1=C2=?2
= C2=3C1 (3)
Substituting (3) in (1) and (2), we get
S
- G __ W%
12= T 1 V0_4C3 (4
—+t—= ——+1
3¢, G 3G
1
|G __ %
9= 1 Vo 2, ..(9)
—_—t— —+1
G G G

Now assuming % =x and dividing equation (4) by
1
equation (5), we get

12 2x+1

9 4x+3

= 16x+12=18x+9

Substituting the value of x in equation (4), we get

_Vyx3
dx+3

12
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Vo
643
= V=36V
Hence, the correct answer is (D).

55. If Cz is 6 JUF, then C2 = 3C1

= C1=%=g=2yF

Hence, the correct answer is (D).
56. C,=xC, =%x2=3,uF
Hence, the correct answer is (C).

Matrix Match/Column Match Type Questions

1. A-(q5s)
B (p)
C—1(q9)
D—(r)

2. A-(q
B— (p)
C—(s)
D—(r)

Cy=3C

c,=C

Effective capacitance is given by
1 1.1 1

1 14+7+2 23

C, 14C 14C

14C
W3

14CV
So, charge across C; and C, is g=——

Charge will get distributed across C; and C, in direct
ratio of their capacitances and hence charge across C, is
30 3 14CV _6CV
qC3 ===
7 7 23 23
Hence, (A) — (q)
Potential differences across C; and C, would be the
same, because they are in parallel so,

v _ 4
@ =Ye=7¢

Loy oy, o LfMeV) v
GG T 23 23

Hence (B) — (p)
Energy stored across Cj is

1 1 qY
Uy=-C3V 2 == 3C(]
3776 2( ) 7C

1 q2 3q2
Uy =—(3C)——=—"—
3727 4902 98C

=

3¢ _i(mcv)z

3798C 9sC\ 23

_ 3x196CV* v
T 98x23x23 88

Hence (C) — (s)
Energy stored across C is

3

1 1. (qY
te bl
Uy 2C4 S ¢ 7C

1 q2
= U =—(4C)(—]
‘72 49C?
_4q5 _ 4x196CV*CV?
98C 98x23x23 66
Hence (D) — (1)

4

A-(p,159)
B—(p, 1)
C—(p s
D—(p,1)

A= (s)
B—(q)
C—()
D - (p)

After reconnection, charges are redistributed as shown

Q =(2uF)V
Qy=(3 uF)V
Qs =(6 uF)V

9 4F +O1 +Qg +Q3
UF== 3uF=— 6uF=—F
o " Ta, ' T,
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Since, initially the capacitors were in series, so, 12 uC
charge appears on each of the positive plates and
=12 uC charge appears on each of negative plates.
So atotal of 36 uC charge on the three positive plates
now redistribute as Q;, Q, and Q.

Q+0Q,+Q5 =36 uC
(11 uF)V =36 uC

q3=gcv
|
@1-9)
q
A =|s B
@4-9)=— @9
D 4= c l
@s-q)

When circuit is closed, let charge q flows in the circuit;
then applying Loop Law in ABCDA

D=, 279, 579, 979_
C 2C 3C 4C

Substituting the value of g,, 4,, 4; and g, we get

24
q—(?)(cv)

Hence V, = QI(; =—

Hints and Explanations H.179

_Boa 7V
3¢ 5
_fa—q_14V

tac 5
A=(q)
B—(r)
C—(p)
D—(s)
The charges on three plates which are in contact add
to zero, because these plates taken together form an
isolated system which cannot receive charges from the
batteries

2 uF 4 uF
g% 1 p
+11= +11=
g1 P

+
6uF=-0s

CHAPTER 2

10V 20V

Applying Kirchhoff’s Law in loop ABCFA and CDEFC

BT
2 6

= 3+3¢,=60 .(2)
and 20-12_% -
4 6
= 34,+2q; =240 .(3)
Solving the above three equations, we have
10 140
n=7 UG, g = - G, g3 =50 uC

Potential difference across 6 uC is

_ _S0pC 25,
SHCT 6 6uF 3
A= (q)
B-(p)
C—(s)
D—(r)
2 4
1 3 5
A B Cc D _%_V
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These five plates constitute four identical capacitors in
A
parallel, each of capacity EDT Now as plate 1 is con-

nected to positive terminal of battery and is a part of
one capacitor only, so charge on it

] =+( eOAV]=1( eﬂAV)
! d d

So(A) = (q)

However the plate 4 is connected to negative terminal
of battery and in common to two identical capacitors
in parallel.

26AV _2( gAYV ]
d d

So gy =~

Hence (B) — (p)
From circuit, it is obvious that between the plates 2
and 3, battery is connected so potential difference will

be V( = %(2!/)). Between 1 and 5. Plates 1 and 5 gets

connected through connecting wire, so potential dif-
ference is zero (=0(2V)).

Hence (C) — (s), (D) — (r)

A-(q)
B—(r)
C—(s)
D—(p)

Done Already
A—(p,s)
B—(grs)
C—(qm1s)
D—(p)

A= (p,q
B—(rq

C-(p.qs)
D-(q)
(A) For an isolated capacitor
Q = constant
So, if distance between plate decreases, then capaci-
tance will increase.

Since Q=CV
= erl
C

Soas C increases V decreases.

2

: Q
Since E U=—=
ince Energy °C

Soas C increases energy decreases.
2

Since Force F =
Ag,

11.

So, when Q = constant, then F = constant.

(B) As battery is connected to capacitor, so V is
constant

when slab is inserted, C increases
1
So, energy U = ECVZ also increases

2

Since F=—
2d

So,as U increases, F also increases.

(C) If area of plates of capacitor increases, then C
increases.

As capacitor is isolated, so

Q = constant
. Q
Since, V==
C
As C increases, V decreases.
2
Since, U = <
2C
As C increases, U decreases.
2 2
Since, F=—1—=-1_
260A  2Cd

As U decreasesi.e. C increases, F decreases.

(D) Capacitor is connected with battery
V = constant

As d decreases, C increases
. 1 . 2
Since, U = ECV

As C increases, Ul increases.

Q2 CZVZ

Since, F= =
2Ag;, 2Ag

As C increases, so F increases.

A—=(qs)

B—(rs)

C—(p,1s)

D—(p,15)

For A: If V=E, ie. potential difference across the
capacitor is same as that of e.m.f. of battery, no charge
will be supplied by battery and hence work done by
battery = 0.

Uj=U; so AH=0

In all cases, zero charge appears on outer surfaces of
the plates of capacitor.
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For B: If V >E, so capacitor charges the battery and
hence thermal energy will be developed in circuit.

For C:If V <E so battery performs some work on the
capacitor.

For D: Combination of B and C.
12. A—=(q)

13. A—

Cl2—— =— =—=C/2 Ceq=2C

(©)
a 1,2
C
2C C
2 }_{ 302 — — C/2Ceq=3C
2C
C
4
b, 3,4
b
Cyy =3C
(D)

Hints and Explanations H.181

14. A—(p,s)

15.

B—(rs)

C—=(p.q
D—(q)

For A: Charge is constant, C increases, so energy
stored decreases. Since system is isolated, so
AU <0 and W,,, =AU <0

For B: Since potential is constant, so C increases, so
energy stored increases

= AU>0 and W,, =-AU<0

Since charge of capacitor increases, which means that
work done by battery is greater then zero.

For C: Potential is constant, C decreases, Q decreases
and U also decreases. 50, Wiy, <0, AU <0, Wy >0

ext

For D: Charge is constant, C decreases, U increases
So, AU>0, W,; >0

A-(p, 1)
B-(q)
C—(sq
D—(q)
c, G
o
V
&
c= d
2uF 4uF

So, V1=%XV=§V:§V:O.6V and

v,=2xv=Y-03v
6 3

When d is double d , then C becomes C'= % =1uF

1uF 4 uF

—

—

Vi Vo

w:%?:osv

V;=—=02V

CHAPTER 2
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So, potential difference across C, increases and that

across C, decreases.
Initial energy stored in

i 1 1 16 16
Cl 15 (U1 )i=§C1V12_2 X2 X 3_6V2

1 1 v?
CZ is (uz)f=EC2V§=EX4X7:§V2

Final energy stored in

. 1o, 16,2 8
C,is (U x1x —V
s 1)f 2 25 ~2

. 1 v: o2
C2 IS(uz)f=E X 4% E ?5V2

So, potential energy of C; decreases by a factor of %

and potential energy of C, decreases.

Integer/Numerical Answer Type Questions

1. Let us consider an infinitesimal strip of width dx
and length b to approximate a differential capacitor

of area bdx and separation d =y, +(y L ]x All such

differential capacitors are in parallel arrangement.

The original kinetic energy of the particle is

K:%mv ;(le[} 1 kg )(2x10° ms!)°

= K=4x10"]
The potential difference across the capacitor is

_Q_10004C

" C 10 4F
For the particle to reach the negative plate, the parti-
cle-capacitor system would need energy

U =gAV =(-3x10° C)(-100 V)

=100V

= U=3x10"]

Since its original kinetic energy is greater than this, the
particle will reach the negative plate

As the particle moves, the system keeps constant total
energy

(K +U )at + plate = (K +U )at—plate

4x107* 7+(-3x107 C)(+100 V):%(leo‘“’)vf, +0

2(1x1077)

210—_161( = 106 ms_l =1000 kmS_l
X g

= I?f=

Initially (capacitors charged in parallel),
g, =C,(AV)=(6 uF)(250 V)=1500 uC
q, =C,(AV)=(2 uF)(250 V) =500 uC

After reconnection (positive plate to negative plate),
Grotal = 1~ 92 =1000 pC

and AV'= Trotal = 1000 uC

Ciotal 8 uF
Therefore,

g, =C,(AV") = (6 uF)(125 V) =750 uC

=125V

g’y = C,(AV’) = (2 uF)(125 V) = 250 uC

Assume a potential difference across a and b, and
notice that the potential difference across the 8 uF
capacitor must be zero by symmetry. Then the equiva-
lent capacitance can be determined from the following
circuit.

4uF 4 uF
4 BpFGyF 3uF
- -
2uF  2uF

Cab = 3‘LIF
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r

~ “max’inner

2me,

AV =(12x10° vm™)(0.1x107 m)loge( © )

02
AV, =579V
Capacitance of metal surface of radius
r=05x10" m
-3
C=dneyr = m Y 10" farad
9x10° 18
Rate of escape of charge from surface is R is
R= 50 X ne
100
_ 80

R=—x625x10"%x1.6x107" Cs!
100

= R=8x107 Cs™
If t is the required time, then charge escaped
g=Ri=(8x107)t

From relation q=CV, we have

8x10_9t=%><10‘12x1 {-V=1V}

o107 107
8x107 x18 144

~1000x10°
T4

f $=6.95 us = 6950 ns
If d is the separation between the plates (each of area
Ay) of a parallel plate condenser in air, then its capaci-

tance C= % (1)

Hints and Explanations H.183

Ifaslab of thickness t isintroduced between the plates
with new separation d’, then its new capacitance,

€A

d’_t(l—_(%n -.(2)

As Q =CV, the charge on the capacitor is same in both
cases, therefore to maintain the same potential dif-
ference the capacitance C and C” must be same i.e.,
from (1) and (2).

T
- el

Here, d =d+24mm=d+24x10"m

C'=

f=3mm=3x10"m

= d=d+2.4><10‘3—3x10‘3{1—(%)}

= K=5

(a) The capacitors of 3, 5 and 4 uF are in parallel,
therefore their equivalent capacitance

C,=3+5+4=12 4uF
Again the capacitor of 4 and 2 yF are equivalent
to a single capacitor of capacitance
Cy=4+2=6yF

For equivalent capacitance between x and y, C;
and C, areinseries. If C’ is the equivalent capac-
itance of C; and C,, then

_ GG _12x4_48
Ci+C, 12+4 16
Similarly, C; and C, arein series and their equiv-
alent capacitance C" is given by
= GCy _6x3 18
G+C, 6+3 9
For equivalent capacitance between x and y, C’

and C” are in parallel, therefore the equivalent
capacitance between x and y

2 uF

C=C"+C"=3+2=5uF
(b) The charge of 5 uF capacitor
=120 uC=120x10"° C

CHAPTER 2
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The p.d. across 5 uF capacitor
_120x107°
- 5x10°

As the capacitor 3,5 and 4 uF are in parallel, the p.d.
across each of these capacitors is 24 V.

=24V

The charge on 3 yF capacitor
=3x10°x24 C
=72x10"° C

and the charge on 4 uF capacitor
=4x10°x24=96x107° C

Therefore, the total charge flowing through C; and C,
is

=(72+120+96)x107° C
-288x107° C
The potential difference across C,

_288x10°
4x107°

Net potential difference (p.d.) between x and y

=72V

=24+72=96V

As equivalent capacitance of C; and C; is 2 uF, the
charge flowing through C; and C,

=96x2x10° C
=192x107° C
The potential difference between x and z is

Y- 192x10°

xz -

3x10°°
Given V; =6 kV, V, =4 kV

iein

v,

1

Charge on first capacitor
g, =C,V, =1 uFx(6x10° V)

= 4, =6000 uC
Charge on second capacitor
4, =GV,

= q= (2 uF)x(4x10° V) =8000 uC

10.
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In series the charge on each capacitor remains same,
but maximum charge on first capacitor will be
6000 uC.

Therefore charge on second capacitor must also be
6000 uC

The potential across second capacitor

_ 4 _ 6000 uC
C2 2 HF

So, maximum voltage across system will be

v, =3000 V=3KkV

=V, +V,=6kV+3kV=9kV

Capacitance of parallel plate capacitor.
&A

=4

Charge on capacitor 4=CV = % 4

If the separation is doubled, the capacitance becomes
half, i.e., here capacitance C'= % . If battery is discon-
nected the charge remains same i.e., ¢ = constant.
Net potential V’is given by CV =C'V’
_CV
c’

As C’=E
2

Vl

Ccv
5
2
Work required, W = U, - U,

7 o[l 1.9
2c 2¢ 2(C€ C| 2

2

V' = =2V=2x10° V

cvy? 1,
= = — V =
c ot

Loyt
2 d

V2

Here A=02m?, d=10"m
1 1 0.2 312
= — x5 x(10%)
2(369rx107] 107

= W=i><10-21=3.8x10-51
36m

Final voltage (V) across capacitor is given by

g=Cv=CV'
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(]
ie, V=L -Syoav-2x10°y
¢ C
2
First of all we shall calculate the equivalent capaci-

tance of this arrangement. The condensers (1) and (2)
are in series. Their equivalent capacitance is give by

1 1 i_C1+C2
C ¢ G GG
C,C
C = 1-2
C +G,
SRS LY S H o) (1)
Ci+nCy 1+

Now C" and capacitor (4) are in parallel. Hence

C”=C‘+C2=1nf—;]+ncl

(n*+2n)C,
1+n

= Cu =

(2)

Further C” and capacitor (3) are in series. So the
equivalent capacitance C is given by

1.1, (1+n) :(n2+2n)+(1+n)
¢ G (n2+2n)C1 (??2"'277)(:1
2
c- L +21)G, 0)
n +3n+1
(i +20)C,E
=CE=-—F—7"—— (4
= 4=C n2+3n+1 @

The voltage V' across equivalent capacitor is given by

q _(r+2m)GE  (1+n)

V= =
c” (n?+2n)c,

n2+3n+l

_ (1+n)E

= -2
n+3n+1

..(5)
(" The charge g will be across g, and equivalent
capacitor C")

The voltage V will be across C, and equivalent
capacitor C’

1+ )| n* +3n+1
’ nC'lE
= = ...(6
1 n+3n+1 €

The charge will be distributed across C, and C, .

12.

13.

Hints and Explanations H.185

Voltage across C, is given by

yod_q L[ﬂ]
C, nG NGyt +3n+1
E

=n2+3n+1

= V

Substituting the values, we get

= 110 =@=10V.
4+6+1 11

Charge on 10 4F condenser

4, =10x10°x150 C=25x10" C
Charge on 20 uF condenser

4, =20x10"°x300 C=6x107 C

When the two condensers are connected in parallel,
the total charge

CHAPTER 2

g=(15x10%+6x107)=75x107 C=7500 uC
The equivalent capacitance =30 uF
If V' be the potential, then

30x10°V =75x10"

75%x107

Ve 5X 043
30x10

Energy of first condenser before connection

=250V

u, = % x(15x107)150

Energy of second condenser before connection
u, =%X(6><10‘3)300

Total energy of condensers before connection

L (15%10°)150+ 1(6x10)300

initial = ) )

u

= U,=10125]

Energy after connection
1
Uy =7 (75x107)250=0.9375 ]

Energy lost
-AU =1.0125-0.9375=0.075 ] =75 m]

The capacitance C, before the slab is introduced

gA (89x1072)(102)
VO ==

y e =89x10 " farad
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Free charge
q=CyV, =(8.9x107%)x100 =890 x 1072 C =890 pC
Now, Electric field intensity

D:ﬁ:ﬂlﬂxw“ Vm™ =10 kVm™
4 10"

Electric field intensity in dielectric
B _1x10°
K

Potential difference between the plates with dielectric
present is given by

V=Ey(d-b)+Eb

=1.43x10° Vm™ =1430 Vm !

= V=(1x10")(102-06x1072) +
(1.43%x10°)(05%10°2)
= V=57V

The free charge on the plate is the same as before. The
capacitance with dielectric present is
-10
c= 8 8907 C_ 16, 00 farad =16 pF
vV 57V

Potential difference without introducing the slab is
given by
Vo=Exd=300x5=1500 V

The capacitance C is given by

= % = ﬁ farad
"7 005
= SQA = 0.05(:0 ve .(1)

When the slab is inserted, the capacitance C is given
by

C= &A where f = thickness of slab
d—t+—
K
. 0.05%001 _ 25, o
005+ 21

Now, C,V,=CV

C0x1500=%xV
21

_1500x21

vV =1260 V

Let x be the thickness of the metal plate. Now the effec-
tive distance in air between the plates is (5-x) cm.

15.

Here it should be remembered that the metal sheet
splits the single capacitor into two in series.

gA
(5-x)
100

farad

Cf:

Agam CV = COV0 = Cfo

> Vf=v0&=1500><ﬂ><M
C 005 £,Ax100

According to the problem V; =1260 V

1500 A, 573 o
0.05 " g,Ax100
= (5-x)=42

= x=08m=8mm

The 3 puF and 5 pF capacitors are in series, the poten-
tial difference across them will be in inverse ratio of
capacitance.

Thus P.D. across 5 pF capacitor =10x % =6V

___________________

PD.across p and b =(10+6)V =16V

Charge on 6 UF capacitor = (16 x6)uC =96 uC

Total charge in enclosed portion 1 of the circuit

=(96+30) uC =126 uC
L]

15 uF
:|: —3uF =6 uF = —3uF

10 uF T
The two enclosed portions (1) and (2) are in series com-

bination as shown in figure. Charge on 9 uF capacitor
=126 uC.

If Q; and Q, are charges on 3 uF and 6 yF branches
respectively.
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1)
Q_%
T (1)
and Q,+Q, =126 uC (2)

Now solving equations (1) and (2) simultaneously, we
get
0 =42uC,

Q=84 uC

The P.D. across 3 uF capacitor (that is between points
g and r)

_Q_ &
c 3

=14V

Thus the P.D. between p and r=(16+14) V=30V

The total charge on 4.8 uF capacitor
=(4.8x30) uC=144 uC

Total charge in the enclosed region 3
=144 uC+126 uC = 270 uC

The capacitor C is in series with enclosed portion 3, so
charge on itis 270 uC and potential (60-230) V
270
Hence C:(—) F=9 uF
60 - 30 : :
16. Let the charge on each capacitor be as shown in
figure. Applying KVL in the loop (1), traversing

clock-wise,
6 uF 3uF
JF8F
oF d1-0s
® g=34F @
3uF 6 uF
+ = + =
A F——HF—c
q2®llq2+q3
II
E=10V
h_ B, %_
6 3 3

For loop (2), traversing clockwise, we have

_(q1—q3)+q2+%+q_3=0
3 6 3

=29, +5q;+4, =0 .(2)

17.

18.

Hints and Explanations H.187

For loop ABCEA, traversing clockwise, we have

_h (‘h_‘?3)+10=0

6 3

3129, =60 .(3)
Solving equations (1), (2) and (3), we get

=24 uC;

9, =18 uC;

45 =6 uC
Charge on 6 yF capacitor is 24 uC
Charge on 3 uF capacitoris 18 uC

_Q
@ €=

CHAPTER 2

= 6x10° =2% and Q=120 uC

(b) Since Q=120 uC
= (0,=120-Q, (1)

Q_Q

Also, 2L =2

50, C] Cz
120-Q, _Q,
6 3

= =40 uC and Q, =80 uC

d
With switch closed, distance d’= > and capacitance

_ &A _ 2¢,A

C-f
d’ d

=2C

(@) Q=C(AV)=2C(AV)=2(2x10" F)(100 V)
= Q=400 uC

(b) The force stretching out one spring is
Q> 4Ci(av)® 2c*(av)

T2e,A 26,4 _(egA)d
d

One spring stretches by distance x = g
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k

_E_zcmv)z(g)_scmv)z
x4 \d) &

8(2x107 F)(100 V)?

k= 5
(8x10° m)

= k=2500 Nm™

The energy transferred is
Hp, = %QAV = %(50 C)(1x10° V)

Hyp =25x10° ]

and 1% of this is absorbed by the tree
So, energy absorbed is given by

AEopeq = 2.5%107 ]
If m is the amount of water boiled away, then
AE,,, = m(4186 Jkg™ °C)(100 °C-30 °C)+
m(226x10° Jkg™ )= 2.5x107 |
= m=979kg

So, m=10 kg

The given combination of capacitors is equivalent to
the circuit diagram shown in the figure

’;"_||B||C||
i

40 uF 10 uF 40 uF Jf‘

D

Assume the charge on point A tobe Q . Then,

= AVBC = 4AVAB = 4AVCD
So, the centre capacitor will break down first, at
AVp- =15V and when this occurs, we have

1
AVyp=AVep = Z(AVBC )=4V

= Vip=ViptVpctVep=4V+16V+4V=24V

21. Let C;=C and C, =2C and the charges on the differ-
ent capacitors be as shown in figure.

C 2C
M
=] =]
g4 4
93 2C
i} 1
E N E

Net charge on isolated system should be zero.
Hence, 4, -9,-4;=0 (1)

Applying Loop’s Law in two loops we have,

LI
LB _M_p (2
2C C @
LB B e

2C 2C

M
‘Ii g;=10EC
l
Solving these three equations, we get
g; =-10EC

= Vyn =550V

2 2 2

2. W, =q—(xf fx,-)=q—(2d—d)=q—d
2g,A 2g)A 2g)A

£ ¢ (20x102x200)

e = — =

™ 2(@) 2 2x(20x10™)
d

= W, =04 1 =400 n]

23. W=U;-U=

EOAVZ[i 1] V2

o P A A

Xf X

= W=160 m]
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L]
ARCHIVE: JEE MAIN
1. C= _"?A Q=Q
= CV(1+n)=(K+n)CV’
. Vv
Since, E_E R V,=V(n+1)
12,104 o106 Kn
12 kx886x10° %107 x10
= 15x1012 = X0 500X . Ly CV0n) V()
C(K+n)C  (K+n)
k=85 Hence, the correct answer is (A). (o]
Hence, the correct answer is (C). o
5. Equivalent capacitance for series combination is T
2.
-1uC
3uc|™ *|auc 176 <
-+ For parallel combination, C”=C, +C, I
- 4
1\ T Since, C"” >’ V
~1uC - C1+C2=51%0=50 uF (1)
. g 1uC
Since V=-—="—
C 1uF and GG =@=8;1F
G+C, 10
= V=1V
Hence, the correct answer is (B). = GG, =400 pF -(2)
0? 02 Solving equations (1) and (2), we get
3. U==—and U,=—"-
i=ac, M TG, C,=40 uF C,=10 pF
Since W =1, - U, Hence, the correct answer is (A).
Lowo(L1 6 L-_4 [L+L+LJ
206 G G 3Ag\ Ky Ky K
_@[11] S C- 34, (KKK,
T 212 5 d( KK, + KK + K;K )
= W=375y] A
2 S C=2 (K +K,+Ky)
Hence, the correct answer is (C). 3
4. Initially, we have Coq =C+nC=(1+n)C - E_G_ 3K KKy X 3
E, C (KK +KK;+KK;) (Ki+K,+K;)
= Q=CV=CV(l+n) (1)
Finally, C;, = KC+nC =(K+n)C - h. o518k
matly, Loy = RAnL =18 +1 Ey (Ki+Ky+K5)(KiKy + KKy +KqKy )
= Q@=CV'=(K+n)CV () Hence, the correct answer is (C).
cv
I I 7.
il 4 uF 6 uF
! —
I
nCV H
3 uF
|}
Since Q= constant because system is disconnected 1:)' v

from battery, so
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4x6
Q=Quur) =(m)><10 uc
= Q=24uC
Hence, the correct answer is (D).
K, Ky’ lnﬁ
8. Since C,;=——————= where K, =K and K; =1
(K=K, )d
K
d 1
Ky
» = -
g@Kﬂz ].n( ;)
= C,=———%
4 d(1-K)
&,Ka®
= (C, = 0 InK
4 d(K-1)
Hence, the correct answer is (A).
o, ¢ -G, GG
1 C+C, C3+C,
A
& —
where C, =K,C; and C, = 72
2
Similarly
CZ = KZCO
G, =K;G
Gy =KiG
e A
- Ke(@): KK, N KKy \™2
N\ d Ki+K, Ky+K,) d
2
o o KKy | KK,

TTK 4K, K +K,
*No given option is correct.
10. C=C1+C2+C3
KA £KA N £,K,A N gK;A
d 3d 3d 3d
K +Ky+K; 10+12+14
3 3

Hence, the correct answer is (C).

12

K

1. U, =%x12>< 1072 %100

= U, =600p]
Since Q=CV
= Q=120pC

U 2 1,120x120x10* x2
72T 12x102 %13

= uﬁnal =923 p]
L‘Iin.itial - uﬁnai =508 p]

= me =
Hence, the correct answer is (C).
12. Let the chargesbe Q; and Q,, then

Q_Q
6 4

Also, Q;+Q, =30
= Q1=18HC;Q2=12#C
Hence, the correct answer is (A).

13. Since for combination in OPTION (A), we have

(3]

eq
6+%
4
= C =i=£pF
“ 1 13
6+5

Hence, the correct answer is (A).

14. Heat produced is given by
AH = AU
AH = 1 5 (2
2 C+3C

= AH:1><ECV2:
274

3

“cv?
8

2
= AH:gQ—
8§ C

Hence, the correct answer is (A).
15.
c 2 2
A+—] }—AI—{ —
2 C 7/3
T pr———s

L B
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U
‘w\\l
I

(@]

+
W~

P | =

= 14C=3C+7

7
== uF
:>C111u

Hence, the correct answer is (A).

16. 1= % = Slope of -t graph.

= 1=0

Hence, the correct answer is (B). 20

1
17. Induced charge on dielectric, Q,,; = Q[l - E)

Final charge on capacitor, Q = K(CyV)

= Q=gxgoxlo‘“><20=3><10‘9C=3HC

= Qi,id=3(l—%]=3x§=12nC

Hence, the correct answer is (A).

18. 6 uF 2 uF
b b N E
Av————| J_
SHFT T SuF |, 4 uF
E E 2uF ==
B
6 uF 2 uF 4 uF
f \ E E)
A I I 1l B
[l
1l
SuF 2 uF
|
5uF
1 1 1 1 5
—_— e — —_=—
C, 6 12 6 12
= CEQ=E=2.4;1F
Hence, the correct answer is (A). 21

19. Given A=200 cm?=2x10" m?

d=15em=15x102m, F=25x10° N, V=2

. Initially, potential on C, is V; =60V

Hints and Explanations H.191

. 1 V2
Smce, F= E(E@A)dT

= V=d E
\ g A

= V=1.5x10_2\/

2x25%107°
8.85x 102 x2x1072

- v:1.5x102,[£
8.85

= V=250V

Hence, the correct answer is (C).

= qD:(:'lVU:l(yP)(éO V) =60 uC

CHAPTER 2

Finally, circuit can be redrawn as shown.

__________

Charge starts flowing from C; till the potential differ-
ence across C; is equal to potential difference across
series combination of C, and C;.

n M
e —_— =
C, GG
C+Cy

SIHCE, C1=1‘LIF, C2=3‘LIF, C3=6#F

= ‘h=%2
= §,=2q (1)

AISO, ql + qz =60
From (1) and (2), we get
g1 =20 uC and g, =40 uC

Hence, the correct answer is (C).

. Following arrangement will meet the required

condition.

Eight capacitors of 1uF in parallel with four such
branches in series.
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Eibasbisals
AR R

1000V

v

A

8uF 8uF 8uF 8uF
[l [l [l 1

250V 250V 250V 250V

L 1000V P

Hence, the correct answer is (D).

22. The energy stored in the electric field produced by a
metal sphere is 4.5 ]
Q2
=45
2C

_ <
= (1)

Capacitance of spherical conductor is C = 4mg,R

2

= C=4ng,R= From (1
oR=>"15 { (D}
s
o R=_1 x(4’<10 i —9x10° x w1012
dre, 2x4.5 9
= R=16x10"° m=16 mm
Hence, the correct answer is (C).
23.
C
S o H3
Ae .
5 —F 1
Il
C4
[l
11
C
- = .5
|
I
Cs

As the capacitors are in parallel combination so they
have equal potential differences.

£,A

Cbefore =

: (1)

24,

[keﬁ](@)

3 A24)

Co k€0A+ﬁ ..(2)
3 24
gA_\ 3 N24)

From (1) and (2), 3 keoA €A

Ty 0
3 24
= 3k=24k+3

= 06k=3

= k=i

0.6
= k=5

Hence, the correct answer is (B).
3 uF and 9 pF are in parallel combination, so the

equivalent capacitance is C,, =(3+9)=12 uF

Now, 4 uF and 12 uF arein series, so their equivalent

4x12
capacitance is C;, = ETEE 3 uF

Charge on 3 uF is ¢, =(3 uF)x(8 V)=24 uC
3uF

4,uF
O uF
2;1F

4 uF 12 uF 3uF
|
|

i || |
1 il 1

So charge on 4 yF and 12 uF are same (i.e. 24 uC)as

they are in series.
Charge on 9 uF is g, =[9_c':3)x24 uC =18 uC

So, required charge Q = Charge on 4 uF + Charge on
9 uF
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= (Q=(24+18) uC=42 uC and hence the required
electric field is

1 Q

)

E=—
dmey 1

)(42x10*)

= E=(9x10° =420 NC™*!

Hence, the correct answer is (C).

25. l%)r(}\),ci:}1 i i z::s

For (B), C,=4+4+4=12 F

(4+4)x4 8

or(©), €= (4+4)+4 3"

FDI‘( )Cd 14'4 6_UF

Hence, the correct answer is (D).

26.
C 1yF

2yF1T2uH2tg(

c 1uF

A
B,HFI 4p‘F‘[ —”
4,uF—|—

*B

c Ol
Av—| |
_.B
|1
I
8
SuF
3#
C
Ae—{f—}—s
32
o#F
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= C=—_uF

Hence, the correct answer is (A).
20 _2

2+1 3

Now, Q=C,,E

3C
== |E
Q (3+C]
3CE ] 2CE

Q= 3(3+C 3+C

Q

A

27. Q,=

CHAPTER 2

Tuf 3uF

»C

Hence, the correct answer is (B).

28. For upper and lower links, C,, = guF

= Qupper = anwer =12 MC

2 uF

3uF

+12||—12 a 12”—12

12,12

| 12,-12

2 UF 3 uF

10”—10 a 15”—15
11 11

1
3 uF

I
b our

|1 |1
151115 p 10'1 =10
3 uF 2 uF

|y
I I
10V 10V

On closing the switch, charge on 2 yF is 10 uC and
thaton 3 pF is 15 uC

At a,wehave ¢;=-12+12=0 and



ICON

H.194 JEE Advanced Physics: Electrostatics and Current Electricity

qr=15-10=5puC = 06=Kg(3x10*)=6x107 Cm
So, charge flowing from b toais 5 uC. Hence, the correct answer is (A).
Hence, the correct answer is (A). 30. For this, charge must be same Q =C,V; =C,V,
29. Inside the dielectric, = 120C; =200C,
p=foo 9 _3y0t = 3C,;=5C,
K Kg

Hence, the correct answer is (B).

ARCHIVE: JEE ADVANCED
Single Correct Choice Type problems 2. Total charge of 80 uC will distribute between 2 uF
and 2 uF capacitors (in parallel) in direct ratio of
1 capacitances. So
d/2
S — 5 _3
f 2

%80;10

rd >
2uF.qy = =503,34F
<
C (o4 3
— = q3=(3+2](80)=48,u(3
* | - Hence, the correct answer is (C).
¢’ 3. q=CV=2V=q
A This charge remains constant after the switch is shifted
c_8A o 28 ( EJ _2gA from position 1 to position 2. So,
g d d 142 2 2
2 U, = M_9 T and
2C, 2x2 4
4e [ é) 2 2 2
o \2)_d&A U149 _ 9 _9
d i f72¢, 2x10 20
2
So, energy dissipated is
2¢ (A ] 2
=
and C”= 2)_&A —Au:u,-—llfzq?
d d
. cc . de A A 2
Since, C, = CiC +C7= 50T+ OT This energy dissipated (z %] is 80% of the initial
2
C,= 784G 7 stored energy (: q—)
3d¢C 3 4

Hence, the correct answer is (D). Hence, the correct answer is (D).
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Hence, the correct answer is (C).

5. When the switch is closed, the inner plates of the two
capacitors get connected whereas the outer plates still
are not connected and hence the circuit is not complete.

Hence, the correct answer is (A).
6. k; in series with half of k; and hence equivalent

kiks

dielectric constant is
11k

k, in series with half of k; and hence equivalent

dielectric constant is ——— and then both in parallel
kz + k3
kitky ky+ks

Hence, the correct answer is (D).

7. Electric field at point P within the plates is

E=E, +E,,
Q&

2Ag, 2Ag,

Q-0
2A¢g,

E

+Qq +Q => |E, E,

1 2 1 2

So, potential difference between the plates is

A-Q% ), _A-Q Q-0
24¢, 2(&] 2C
d

Hence, the correct answer is (D).

8. Charges on the capacitors are

+Q_ +q—
T

q=60pC  q=60pC
SRR e v
=30V V,=20V

10.

11.

Hints and Explanations H.195

7, =(30)(2) =60 pC
= ¢,=(20)(3)=60pC

= H=0=1 (say)

The situation is similar to the two capacitors in series
which are first charged with a battery of emf 50 V and
then disconnected.

So, when S; isclosed, V; =30V and V, =20V
Other way of looking at the thing is, when §; and S;

both are closed, due to attraction with opposite charge, e}
no flow of charge takes place through S;. Therefore, a4
potential difference across capacitor plates remains [l
unchanged or V; =30V and V,=20 V. E
Hence, the correct answer is (D). <
B L
J.E dA=—q v
&
1
= E(2art)=—(Af)
&
A
2me,r

Hence, the correct answer is (C).

Total Initial Charge
Q;=(20)(2v) -

Total Final Charge
Qp=2CV'+CV’

CV=3CV

where V” is common potential.
By Law of Conservation of Charge

Qi:Qf
= 3CV=3CV’
= V=V

So, final energy of combination is

uf:1(C+2c)vz=§cv2
2 2

Hence, the correct answer is (B).

10 uF 1 uF
HF—=—
174

= -

Hence, the correct answer is (A).
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Multiple Correct Choice Type Problems

1

C=C+G,
keoé
C=—7?
d
£52A
Cp=—2—
2o
R C_(K+2)£0A
3d
C K+2
= —=—
¢ K

Also, E =E, =g, where V' is potential difference

between the plates.

Hence, (A) and (D) are correct.

After pressing 5, charge on upper plate of C; is
+2CV,. After pressing S, this charge equally dis-
tributes in two capacitors. Therefore charge an upper
plates of both capacitors will be +CVj.

When S, is released and S, is pressed, charge on upper
plate of C; remains unchanged (=+CVj) but charge
on upper plate of C, is according to new battery
(=-CV).

Hence, (B) and (D) are correct.

The magnitude and direction of electric field at dif-
ferent points are shown in figure. The direction of the
electric field remains the same. Hence, answer (B) is
correct.

Similarly, electric lines always flow from higher to
lower potential, therefore, electric potential increases
continuously as we move fromx=0 to x=23d.

q g g q

- le t— | 4 +

—f— — i+
LSS

- [ +«— t

Ey |4+e—- K
- [— +— +
- toe—-

x=0 x=d x=2d x=3d

Therefore, answer (C) is also correct. The variation of
electric field (E) and potential (V) with x is shown.

»X A

1
Vo i
(0] d

OA||BC and (Slope),, >(Slope),

S0, By = Eaisza and Eo g > By

Hence, (B) and (C) are correct.

Let C, be the capacitance initially and C be the capac-
itance finally. Then C; = %

Since, Q= CV

_ AV
Q="
Further F; = K and E= 5
d K
= E= 1
Kd

1
Also, if U; is the initial energy, then U =EC0V2

After the introduction of slabif U, be the final energy,
then

1 1 VY
Uf :ECanb:E(KCO)(E)

1 1
= AlU= —CDVZ(——l]
2 K
Since work done = Decrease in Potential Energy
= W=-AU
2
wel AV [ m )

2 4 U K

Hence, (A), (C) and (D) are correct.

Charging battery is removed. Therefore, g = constant.

Distance between the plates is increased. Therefore, C
decreases.

Now, V =% , g is constant and C is decreasing.
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se P
Therefore, V should increase. Since all capacitors connected in series, so
14 1 (1
U =—-— again g isconstantand C is decreasing. —= J._
2c e & ¢ Jic
Therefore U should increase. J‘
Hence, (B) and (D) are correct. c Ke,A ( 14 _}
6.  Since battery is still in connection. So,
V=V, Distance of m™ layer from plate 1 is
= Q0=C0V0 and x=n.15=m(d) N
Q=kCyVp (a4
= Q=kQ = J LU
c Ke A 1+ =
Since k>1 0 o
= Q>Q, . <
: Lol d [ L
Also Uy =Qi¥j and C ™ KeAddix v
0
- Lov-my, [ Q=kQ, and V =V, } o, 1_dh(2)
- C KegA
H U>u
ence 0 Ke, A
Hence, (A) and (D) are correct. = C= dIn(2)
Integer/Numerical Answer Type Questions = =1
1 dc=Kad
dx




