Capacitance /
EXERCISE-1
PART - |
Section (A)
A-1. Qq1=30uC, C1=5uF
(i) V4 = 30 6V Ans.
C, 5

(U= = = =22 ) —99 Ans.

(iii) Q2 = 50uC, C2 = 10 uF, Va2 =

(a) Common potential V =

& =@=
C, 10

Q+Q, _ 30+50 _ 16

= —V Ans.

C,+C, 5+10 3

1 CC,

1 5x10 5

b) AH = Vi—Va)2= — 6-52%==pnd Ans.
CYaR=7 cac, V1TV T 5 5 G797 g
(C)&_&_izl Ans.
Q C, 10 2
(d)Q1'=C1V=5X%=%HC Q2'=C2V=10x%=?pC
2
A-2. F attraction =2€0 A ;FRepuIsion= kx
q2
|Fattraction| = |FRepuIsion| = 260 A = kx
2
—_ 4
2k€0A

A-3. W =qgAV

Wiy field = q (Vi— Vi) =Q (V1 —V2)

A-4.  The electric force between the plates will be balanced by the additional weight

Q2 C2V2
hence mg = =
2A EO 2A EO
mg = <0 AV?
2d?

_ e AV? _ g5 x 100x

10 (5000)?

m = 4.425 g Ans.

A-5.  Work done = change in pote
2

223 2 (5 x 10°) x 10

ntial energy

2 2 2
(i)W=Uf—Ui=q—_q_=Q_{X2 X }:q (X =x1) g

2C; 2C
Se

2 |Se, Se, 2 Se,

(i) Wex + Wg = Us— U ={
X2

2
Wee= (Us— U = We = 2V

o Se|_s SVP[1 1
X4 2 Xo X4

2(1_ 1
aov _ =SVA(d )

— ACV2= = (-
2
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Capacitance /

Section (B)
B-1.

att=0, Cis replace by wire.

(a) Vimax = €
(b)i = e/R

att — oo, Cis replace by broken wire and now current in circuit = 0, so

(c)Vc=¢
(d) Uc = %082

2
(€) Poatery =1 V= g = %

P

82

() AH= =

A =10V
C, 1uF
o
Cz\x/SHF
e K

B« 2uF
¢e = 25V o= 20V

(Va = Vo)C1 + (Ve — Vo)C2 + (Vb — Vo)Ca = 0

_ VaCqi+VECyo + VG5 _
Vo = =

10x1+25%x2+20x3 = 20 VAnRS.

Ci+C,+C4

B-3.

30V 30 0uF

Assume AT (Va = 0), (Vs

1+2+3

X)

From conservation of charge on plates of capacitor
4(x—20)+ (x—10)6 + (x—30)10=0

X =22
Va—-Ve=0-22=-22V.

&1L 1. &
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Capacitance /
Q e-¢
V1 _C_ 2 C1
1 14
C2
Q  &g-¢
V2__C_ 1 C2
2 1422
C1
Section (C)
Cc-1.
=
IIC2
||CJ
Iy
v

Q1=CiV=1x20=20uC
Q2=C2V=2x20=40uC
Q3=C3V=3x%x20=60puC

Qt=120 uC

Whattery = QtV = 120 x 20 = 2400 },lJ

Uc = lC1V2 + lCzV2 +
2 2

N[ =

C-2. (a) Ceq =04 },lF,

ECsv2 =% (C1 + Ca + Ca)V2

(1+2+ 3) (20)2 = 1200 pJ.

we connect five 2uF capacitors in series

—A—
CcC _2

= Ceq=— ===
5 5

(b) Ceq = 1.2 uF, capable of with standing 1000 volts
3 parallel rows, each consisting of five 2.0 uF capacitors in series.

C-3. There three circuit are equivalent and all these are balance wheat stone bridge. For all given circuits.

5x10
eq = +

60uF 30uF
c “y)

E——

A
V, =300V
D

40uF 20pF

200V

_ 1020
5+10  10+20

=10uF Ans.

B V, =100V

Charge on 30uF =200 x 20 = 4000uC

soVc—Ve =
30uF
also charge on 20uF

200 xfg1=:8000

so 3d: Vp— Ve =

Vo=100+ 22 -8 v

3

4000uC

_8000/3

400 700 ,

Ve =100 +
¢ 3

Ve-Vpb=0
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Capacitance / ﬂ—

C-5.w= Situation when S is open Situation when S is closed
2C c

r(|+—_|+
- =Ty
2o J
|

Ceq. = C/2;3 Ceq. =C

Charge supplied Q = Ceq.c = % Charge on capacitor C = Ce

After S is closed, voltage across 2C capacitor become zero, so charge on it also become zero.

(a) So charge flown through the battery when the switch S is closed = Ce — % = %

(b) the charge flown through the switch S is %+% =Ce(AtoB)=-Ce(Bto A)

(c) Work done by the battery = Qsupplied V = % g= C;SZ

(d) change in energy stored in the capacitors

energy stored in 2" case — energy stored in 1%t case = %Cqu V2 — %Ceva =% : (C —%j g = CTSZ

(e) Heat developed in the system = Work done by battery — change in energy in the capacitors
_ Ce?2  Cé? _ Ce?

2 4 4

C-6. At steady state :
20 40

inze %

Current in wire AB at steady state = 1/2 = 1 amp.
Charge on 2uF capacitor =2 x 2 x10%=4uC
Charge on 4uF capacitor = 4 x 4 x10% = 16uC
Charge on 6uF capacitor =2 x 6 x10% =12uC
Charge on 8uF capacitor = 4 x 8 x107% = 32.C.

Section (D)
D-1.  V =Vo(1—etRC)
-6
4= 12(1_8—1><10 /100)
-7 -7
m3 =19 = c=19 F=0.25pF
2 C m3/2
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Capacitance / ﬂ—
D-2. (i) (a) Time constant =t=RC = 10" x 1 x 1076

=10 sec.

(b)Qo=CV=1x10%x2=2,C

(©) Q= 2 = Qo1 - e

t/RC = /n2 = t=10/n2 =6.93 sec.
(i) g = goe™RC
=2x10%e5910=2x10%e%=1.348 x 108 C.

D-3. For charging
Q1= CV(1 _ e—t/RC) =20 x 10% (1 — @~16/200 x 10-6 x 40 x 103) =20 x 10% (1 _ e—2)
For discharging
gz = (he‘”RC
=20%x10* (1-e7?)

2
=20 % 10 (1 —e?) e2= 20 x 10 ;1)
e
=233.55 uC Ans.
D-4 i0=£><1 —iamp
5 5 5
i = ioe™VRC
50us 16 .
H= J|2Rdt - J _e—2t/25><10_ dt
5
25u8
_16 (_2_5X10—6j |:e—2t/25><10_6 TO“S
5 2 25us
2
=40 x 107 {e ;1}
e
=4.7ud Ans.
D-5. It can be seen that during the time interval from 0 to to, the voltage across the capacitor is zero, the

charge on it is also zero, there is no current through it and hence Vco is zero during this time interval
(fig.). During the time interval from to to 2to, the voltage across the capacitor and hence the charge on
its plates, grows linearly and hence a direct current passes through the circuit. This means that the
voltage Vep is constant. During the time interval from 2to to 3to, the voltage across the capacitor does
not change. Hence current does not flow, and Vcp is zero. Finally, during the time interval from 3to to
5to, the capacitor is discharged, the current through the resistor is negative and constant and its
magnitude is half the value of the current during the time interval from to to 2to.

VCD
[ 3t, 5,

‘ t, 2t

>t

[ S

D-6.

\
at time t using KVL
R DR VY B i B VY.
C c  dt
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Capacitance / ﬂ—

D-7.

jooda_ o
5 (CV—0g)—q 4r1C
by using integration q=CV (1-e¥°") + qo e°" — qo
= So charge on capacitor = qo + q = CV(1 — e¢") + qoeCr

In steady state equivalent circuit is

BuF 2uF
150uC B 150uC
—] =
+100uC||
L}
1uF
A [} c

100V
Ceq = gMF Q = 250“,':

VA=%+VB = Va—-Ve=25V

VB=?+VC = Ve-Vc=75V

Section (E)

E-1.

_Q Q pd
V= C Keg A’ R= A
d
(we can treat dielectric as a resistance between the capacitor plates)
i= X= Q A -_Q Ans
R KeApd Keyp
d
_ EO A 02 EO _
(0 Co= ——Er— = —?ajg— =20 eo

=20x9x 107'2=180 pF
(i) Q= CoV =180 x 1072 x 3000 = 5.4 x 10" C

(iii)C1= — = ———— =540 pF
V, 1000
Uv)|( = EEl.: 5219._
C, 180
(V) e = ereo =Keo =3 x 9 x 1072 =27 x 1072 C2N"'m=2
(vi) =X—w =3x105V/m
d 10”
(VI)E = Vi % =1x 10%V/m.
d 10”

/\
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Capacitance / ﬂ—
E-3.
(—d>
/
=
—
= |
/
—
—
=
T
_ As
L+d-t
VA : . _Ae,
(i) Without dielectric, C =
With dielectric, C'= e =3¢ 3 AS d 2
S+d-t 2 2 d t 3
. Q?
i) Energy = —
(ii) W =25
q2
Energy in 18t case =E1= ——
i T2
q2
Energyis 2™ case =Ex= ——
§E_Cc_3
E, C 2
2 2 2 2 2
(i) AE=E,—~Eq= 3 _ 9 92 1) o __ dd
2C 2|3C C 6C 6A g,
E-4.
C KC C
’—*4‘ Hi= ’—u—u—
e/2 &2
I, [
1" 17
V1=&=L = E1=ﬁ_i_£ E:gzi
kC k+1 d k+1d dC 2«
-2 E = 1 (1 + k) time decrease
(k+1) 2
kCe Ce _ Ce (2k-k-1) (k—=1)
AQ=Q1-Q= —-—“ =~ —— ¢ Aq=—=C )
a= kil 2 2k +1) g © k1)
E-5 Work done on the system = change in potential energy
charge on plate =Q=CV = As V
Q2
Initial potential energy =
p ay 5 C
where C= A<
d
2
final potential energy =
p ay 2 C
where C'= 2K2 So

Charge in potential energy = final potential energy — initial potential energy,

L B B D\ B
2 |ccf o

— 1
2K }
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Capacitance / ﬂ—

E-6.

E-7.

E-8.

I
Potential energy = 1/2(C1 + Cz) V?

_1 {eo xb < K((—x)b}vz

2| d d
Fz_%z_v_zﬁ
OX 2 dx
F=19C
2 dx
where, 3€ = S Pk
dx d
Fe 1 V2 & b(K-1)
2 d

at equilibrium , F = Ks x
F _e bv?(K-1)

X=—
Ke 2dK

2
Force on dielectric F = & =— V_ﬁ
X 2 dx
Fo VZ e, b(K—-1)
2d
At equilibrium
F2 = F‘l + KsX
e b
"= 2dKs [ (Ko =he” = (<, =) o

When dielectric slab is released from rest constant force act on slab towards the mean position after
mean position same opposite force is act on slab which retard it come in rest position. Therefore motion
of slab is periodic.

F=1%20 (kq)v2 a= 0L (k-1)v2

2 b

1 1ep
b S=— (acc.)t? )= =9 (K-1) V2 .2
y 2( ) (0) > mb (K-1)
2¢ mb

t= .

! (K=1) V
-~  t=2 Lbz —  T=4t=4 22b—m

& (K=1) V < V2K 1)

/\
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Capacitance /

E-9. 1st part has di-electric; A

Q
Ae,

electric field graph of obtain by extend E of region 2
(b) now V is constant so by E = V/D ; electric field graph directly obtain by joining A and B.

(@) by E =

2A
d
Capacitance is independent of charge stored

E-10. (i) C=

(ii)

al |0 of (9
on outer surfaces charge = Q ;QZ = qurq =q
on inner surfaces charge = %= % =0
(iii) E=0
electric field due to charges on outer surfaces cancel each other
(iv) AV =0
becouse electric field between the plates is zero
(V) u=2>0
becouse electric field between the plates is zero
PART - i
Section (A)
A1, Qi=Q1+Q2=150uC
Q.G ar=soc
Q GC, 2
Q2" =100uC

25uC charge will flow from smaller to bigger sphere.

A-2.  Charge is flow until potential are equal and in charge flow energy is decrease

8—: = 8—2 = Q1R2 = Q2R1.
A3 ()C)E=Y =—3% _—12x10°vim
d 25x10

(i) (D) AU =Us— Ui = %Csz - %Cin

_ 1[EOA_EOAJ Ve

2 d 4
= A1) 91010010 5500 408 x 10710
225 2 1072 '

; Q remain constant so electric field in region 1 varies same as region 2, so now
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Capacitance / ﬂ—
(iii) (D)E= AQ = Constant

<o

(iv) (C)Q-= %V = constant

2 2
TR S S PR [d_f_ diJ

2C, C 2 Ear
-4 -12 2 -2
1 Aio Vz(df—di)=l 100x10™" x9x10 ><(320£)) (2.5-2)x10 = 50625 x 10-%J Ans.
2 g 2 (2x107%)
A-4. (B) Isolated capacitor — Q = constant
separation d increase = C = decrease
Q=CV = V = increase

A-5. The charge on the capacitot remains constants

Capacitance C = % d? cl
1 Q?
E U= — = cl ut
nergy > C
Potential V= % cl VT
Section (B)

B-1. W=uf—ui=%cv$—%cvi2= %0(402—202) W =600 C

Wi = 1 C(502—402)=@ C
2 2

W1=@ﬂzgw Ans

2 600 4

B-2. Charge on capacitor = CV = capacitance x (voltage across it)
In steady state, there will be no current through capacitor.

’—H—‘W—
e R,

i R;
I
'_M_
r

voltage across capacitor V = iRz = er
2+
Charge on capacitor = CiRz = CERy
R, +r

B-3. As battery is disconnected, charge remains constant in the work process.
Work done = final potential energy — initial potential energy

Q? Q2=Q_2{1 1}

"2C 2c 2 |c cC
Where, Q=cV = A%V - AS g o= A%
d d 2 d
o AV?

Now, work done =

Ans. is (D)
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Capacitance /
B-4.
charge=CV charge = 4CV
— —
C 2C
9-3CVN & 3CV
|
C
1t
—q72¢"
Total charge =4 CV-CV =3 CV

B-5.

Now, let it is distributed as shown, potential across the capacitors is same

So, 9 _3CV-gq . q=2CV
2C C
£ CV
—
C
_2|c"\zcv
, Q? . Q% _c?v? 4c?v? _ 3CcVv?2
Total potential energy = —- + —2_= + =
P W =5c, T2c, 2¢  2x2c 2
Common potential
V= VoC+0
C+C,
+V,—
[
I Tc
— .
I

W]
V (C + Cy) = VoC

C+Cx= ﬁC
\

Cx=C

o ClVo-V)
\

Section (C)

C-1.

i -
C Cc
—
= =
A B
4C
Ceq = — = 2C.
eq 2
C
C ) C
—
|1 |1
A c . c B

Ceq=C +2C/2 + C = 3C.

/\
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Capacitance / m—
C-3. i=1+1+1
C, 3 3 3
= Ci=1pF,C2=2+1=34F
Ceq = 1},lF

X L X 1

200 200
h =100 :F
I—l 100 I =100
100 -|' _‘_100 ‘( 200 -|—

y y
solving by parallel series combinations,

T onn L
200 b
L 200
- T 100 - =100
100 100

.l 17

100 = =100 - 200pF

Ceq =200 pF Ans.
2uF 2uF

—

2uF
C-5. |
2uF

Minimum 4 capacitors required as shown in figure

C-6.
3uF  5uF
11

4uF
—>—

=
|I

8v

15 47

Ceq= — +4=—uF
“" 8 g M

9,9 _ -
—+—- =8 = =15uC
3%5 q K
Charge on 2uF
G _15-%

2 3

(o] =6.0uC Ans.

w
o8
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Capacitance / ﬂ—
C-7.

30v
=
IIZOuF
30uF
| |
+| | —
20V
Common potential V = CV1+CoV, _ 800 + 600 _,,,,
C,+C, 20 + 30
C-8. HHE 1, 1,11
Cq 8 2 2 2
1 3 x 4
= _ +
8 2 x 4
1 13 8
= — = Ceq. = —uF
Coqy 8 13
LI S O
H Cqq 6 2 2 4
1 17 12
= Ceq = _—
Coqy 12 17
é>—<HHHI o
=_+ —_ x4
Cqf 6 2
1 13 6
= — = Ceq=—uF
Coqy 6 13
HF 1 - 1,1,1
q 10 2 2
1 .10
Coq 11
Section (D)
D-1.  ()(C) qo=4uC
-6
=99 _ % gureo 4:10 e V3 = 413 uClsec
dt RC 1x107° x3x10 3
2
(i) (A) U= ;—g (1 — e tRE)?
% = RQEZ (1 — VRC) gtRC
(4x107°)?

" 3x108 x(1x105)2 (1-e") e =16/3 (1 -e"%) e ud/sec.
X X X
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Capacitance /
(iii) (C) H= Iiszt = # =i’R
2
dH _ i,> Re2/RC = LG 3x106e?3=16/3e23 ud/s
dt 3x10
. du qu i
iv) (C) U=qV ZX = Y20 (1 _ gtRC
(iv) (C) q = pm p ( )
du _ qpV et/RC
dt RC
-6
= B0 x4 5o 10 s ud/sec.
3x10° x1x10° 3
V _6
D-2 i)(A)io= — =— =0.25A
(i) (A) io = =54
(i) (B) i = io e¥RC
=0.25¢™
=025 0.09 A
e
D-3
C =100uF R =100
|—'vw—
|—
£=20V
2
Energy stored in capacitor =
ay p 5 C
2 .
Rate at which energy is stored -drQ -8 _a
dt (2 C C t C

Q=¢C {1 -eRC}

s e—t/RC

i=
R
2

2
Rate of energy storage = % {1 —e¥RC} [gVRCY= £ {e7VRC _ g=2RCY

R

It will be maximum when, e YR¢ —¢=2RC will be maximum let y(t) = e /R¢ —

for maximum , y (t)=0
V) _gt/RC . 2 e 2tRC
R C R C
et/RC _ 1
2

Putting it back in eq. (1)
(i) Maximum rate of energy storage

2 2 2 2
S N B QS 1)) S To TS Ans. is (A)
R [2 \2 4 R 4x10
(i) This will occur when, eRC=1/2
__t =/n l
RC 2
t=RC /2 =10x 100 x 10°% x /n2 = (/n 2) ms Ans. is (C)
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Capacitance /

D-4.

D-6.

D-7.
D-8.

_ 0.16x1073
G - 8x10°x10 |, g0z

2 2

q = 40(1 —e")uC = 40 (1 — 0.37) = 25.2uC Ans.

(i)(B)atto; g=qo=60uC
-6 -6
(ii) (C) q = qoeYR¢ = 60 x 108 @ 100x107°/10x10°x10 _ % uC = 22 uC.

-11073/10x10°x10 _ 60

(iii) (A) q = qoeRC = 60 x 106 € =2 11C = 0.003 uC.
e10

(C)
1125 uF
)
WA
20Q
ool 200
Switch is kept closed for a long time,
Current through 20Q resistor i = %
Charge on the capacitor at steady state,

12
=25x —2 x20=150 uC
Qo 20 v

att=0, switch is opened, i =io e¥*
t=RC= 20x%x 25 = 500 uS

y(25 uF
71
WAAYA
20Q
025x107°
Current i= J g 500x10°
T
i= 190 &2 _ 489 A
500

If S1is closed and S: is open then, condenser C is fully charged at potential V.
Charge on each capacitor will be same. In steady state current through capacitor will be zero

—A—
e
A\~
10 !
current in steady state =i = 10/5=2 amp
potential across AB=iR=2x4=8V.
Potential across each capacitor = 4V

oneachplate Q=CV =3x4=12uC

9 _ 9
C, C,
L_L Ci=Cz
1 2
I=Ii+12
I1 IC,
C,+C,

/\
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Capacitance /

Section (E)

E-1. C!:M:ﬂ:ﬂ;_
d/2 d

E-2. Q = constant

New capacitance = KC (increases)

V' = — (decreases)
2

CK

(decreases)

E-3.

1 d; d,

dy d,

C

eq

Ceq - SoA

d, d dy dy

Ci=C
C2=KC
q‘l = C-IV(_:1 = CV
g2 = C2 Vg, = KCV
g1 < Q2.

C

E-5.

= + + +
KigoA KoggA  KiggA KA

4v
Here, Potential difference on the capacitor will depend on emf of battery i.e., 4V (C)

E-6. Charge on battery=Q=CV=4C
Now charge remains same, as battery is disconnected new capacitance = C' = KC = 8C

CV =Q V= = =

SZ= oV (A)
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Capacitance / ﬂ—
E-7. Uo= %CV2 (given) Now energy = U" = %C'V2

C' =CK

U = %CVZK = UoK Ans. is (A)
E-8.  Now, charge remains same on the plates.

Q%
Uo = — (given
°= o6 (given)

2 2
Now energy = U’ = Q— =X U (C) Ans
2C 2CK K
PART - Il
1. The initial charge on capacitor =CVi=2x 1 uC =2 uC

The final charge on capacitor = CVi=4 x 1 uC =4 uC
Net charge crossing the cell of emf 4V is
qg—qi=4-2=2uC

The magnitude of work done by cell of emf 4V is
W=(ar—qi)4=8pd

The gain in potential energy of capacitor is
AU = %C(vf_vi?) = % 1%x[42-22] uJ =6 ud

Net heat produced in circuit is

AH=%C(Vf2—ViZ) W-AU =8-6=2uJ

SECTION (D)
2, (A) For potential difference across each cell to be same
Ei—ir=Ez+ir o i= o2 [ b
2r 2 r+R

Hence potential difference across both cells cannot be same.
Cell of lower emf charges up.
For potential difference across cell of lower emf to be zero
E2 +ir=0 which is not possible.
Current in the circuit cannot be zero ~E1#2E2.
(B) For potential difference across each cell to be same
E1 —ir = E2—ir which is not possible
No cell charges up.
For potential difference across cell of lower emf to be zero
E2—-ir=0 and E1-i(r+R)=0
E, B
r+R r
Current in the circuit cannot be zero.

or which is possible. - E1> Ez.

(C) Situation is same as in (A) except current decreases from % to zero.
r+

Hence the only option that shall changes is 'current shall finally be zero."'

(D) Situation is same as in (B) except current decreases from % to zero.
r+

Hence the only option that shall changes is 'current shall finally be zero.
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Capacitance /

EXERCISE -2
PART - |
x=Vt = dat Cc=S0A do__& A1 e 1
Vit dt vV 2 dt  ¢?

Given Q = (at + Qo)
_Q _at+Qy _ ot Qp

Theoritical capacitance = «, because d become zero

A, wire

Y

All given charge of A1 goes to Az
Therefore C = 4neor

-Q
+Q
a b
A B
<«—d —>
ve= KQ_Ka
d b
va= KQ_KaQ
a d
1 1 2
Va-Ve=KQ|—+—-—
ATYE L b d}
Q|1 1 2
= _+___
4negla b d
Q _ 47'[80
or =
VA_VB

Ans
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Capacitance / ﬂ—
6. Charge on Co, Q1 = CoVo,
Initial charge on C1, Q2= 0

: Q+Q, CyV, c?
Common potential Vi = —1—2 = 200 — Q;=CoVs1= —2— V.
P 'S C+C, C+C, T Chc, °
2 3
Similarly V2= CoVy _[_Co V0:>Q2=COV2=i2
C+CO C+C0 (C+CO)
C n vV 1/n
for n times Vo= | —2—| Vo=V = C=||-2| -1/Co Ans
C+C, Vv
7. Immediately after the key is closed, capacitor behave like a conducting wire, therefore.
E
I—
R,
R,
i= E Ans
R1

i= Ans
Ry+R;
8.
+ -
V=300V
3uF Q1 = C1V1 =900puC
N -
V=200V
2uF Q2 = C2V2=400uC
900uC 3pF
I
(i) (D) V= Q;+Q, 900+400 _ 260V
- C,+C, 3+2
I
400uC  2uF
900uC  3,F

(i) (A) V=Q1+Q2=900—400 — 100V
C,+C, 3+2

= -
2pF 400uC
Charge on 3uF = C1V= 300uC
amount of charge flow is = 900uC — 300uC = 600uC =6 x 10 C
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Capacitance /

9.

10.

1.

12,

Just after switch closing
12v

1Q

Iy I

1
».

GQ% 5Q

p
Q

C P c B
A 1 c o
A Ci P e B A/“C\P<_I—“_\
A A le—®8 C
Get
11
Cer= 75
Charge flow = Ceq € = 115(:8 .

1 1 1 1
+—+

Oei=e e 'e,
1 1 1 2

C2 =C2+Cqy=3uF =

-

(ii) = 3F

b

3uF
Ceq = 1},lF

ém

current through resistor PQ is zero just after closing the switch.

Q= Ceq V= QOOMF

charge on nearest capacitor = 900uF  Ans
(iii) from point potential method

goov 3MF  goov ZuFSO 3uF

=

—— 2uF —/—2uF

b W%' ;jm.sv

3uF 3uF 3uF

466.3V

3uF

Ans

Ve —Vg =100V

Ceq =2C

Ans

/\
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Capacitance /

13.

14,

15.

16.

BuF 3uF
BuF
(I) a c 2uF
6uF
! 6uF  3uF

Cac=6+ 6=12uF Coh= 2 6.3 +2 =6uF
6+3

12uF BuF
12x6
a 1 i | b Ceq = =4uF Ans
“" 1276
BuF 3uF
—
c aF | p
(i) 48v 12pF ¢ BuF 0 6uF  3uF
Charge on 2uF capacitor = Q=CV Q=2x%x32=64uC Ans
21 4115
2113 6115
Ceq. = E+E =c=%0 A Ans.
2 2 d
q/3 B
96 < i q/3
c |1
<|1/|5 b ——ql3
Ta/6  ql6 T
q/3== q/6
Il
s /6
R
Due to symmetric charge distribution as shown
for loop ACDB
R . T TV S Va—Ve=29 va-Ve=-9 = Cu=5C Ans
3C 6C 3C 6C Ceq 5
o Cv, C, £
=
He e
c, @ C
o E
E

C+1 and Cz are in series, charge on each will remain same.
(Vp=0).Ci1=(E-Vp) C2
Vp = i

C,+C,

Cs & C4 are in series, charge on each will remain same,
(Va=0).Cs3=(E-Vaq).C4
Vo = C,E

(C3+Cy)
(CC3—CiCy) E

Hence Vp — Vaq =
(C1+Cy) (C3+Cy)

/\
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Capacitance / m—

b L L.
R

2¢,0 €,

E, E
7+7

. E="_ D B n+Eyr _ 2eR+¢x0
1+1 r+r, 0+R
rnr

=  E=2,req=1-2=0

— 26,0 SR 2R 2R

for Qmax =

2 3e
2R/3 R
potential on C = potential on 2R resistance =i3 x 2R=¢

_ Qs __ Ce _RC Ane

charge on capacitor, Qmax = CV = Ceg

i 26/R 2
18.
E E E
J‘ R J‘C R J‘C J‘C R
E
[ % 1 % 1.1 %
o} o} o
Qiirst = Quast = CE
Ratio = Qirst — 4.
last
19. From the given conditions, resistance of analog voltmeter = 10 kQ

Initial current = 1;smA
10

1500

=15 A =150uA
Using, 0.5=1.5eRC =150
_t
3
3=t
t=¢n3
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Capacitance / m—
20. (A)
10°Q

10V __ 10V ___ 221F

RC =10°x22x10"°
RC :103 X22 X1076 = 22)(1073 sec
Att=1.5sec
steady state Vc = 10V
—tx10%
While discharging V =10e ™ =1.226

10%t

e ' =0.1226
t= ﬁln(0.1226)
= 330 ms.
21
(B) Capacitance of capacitor without dielectric, Co = %
di4 3d/4
Capacitance of capacitor with dielectric, C
C= goA _ 4gA & N C _ 4e
3d, d  (Be+Nd G (3 +1)
4 4e,
22, Case — | When dielectric slab of dielectric constant K enters in to the capacitor.
L=Vt Vit
l‘ » | » 1
Ve— Kk

g 3 >
At any time t, there will be two capacitors are in parallel combination - one with air and other with
dielectric slab.
C(t) = Cair + Csiab
_ S A (L—Vt)+ Key A (V)

Ld Ld
- E_EdA [L— (K- 1) V] (linear function of t )
_ _ EO A
Its slope =M C(t) = 2= (K-1)V
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Capacitance / m—
Case - Il When dielectric slab of dielectric constant 2K also enters into the capacitor.

Tt v
C' (t) = Csiab 1 + Cslab 2
_ € AK (L-WY) L %o A2K Vit

Ld Ld
K € A
Ld

Its slope = MC' (t) =

As=MC' (t)> MC (t)
and both C(t) and C'(t) are linear function of 't' hence variation of capacitance with time be best
represented by (B)

[L+ Vi] (linear function of t)

ey AKV
Ld

C(t)

1
o |
1
1

~v

2
23. U= S_C since C will become k times

So U will become % times

24. L = i + i
Ceq C1 C2
1 N 1
Agy  KAg,
d d
2 2
d d
= +
2Ag; 2KAg,
1 d (K+1
Ceq 2Ag;\ K
2KA
Coq =~ 0
d(K+1)
eq _ 2KAg, 2d 4K
Coq' dK+1) Agy(K+1)  (K+1)?
25. Rearrange the circuit

A A

2C C
= ———

e
C 2C

2
Ceq = ?Cx2
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Capacitance / ﬂ—
PART - I
1 Ceq can be writtenas ~ Ceq = C,Cy 2’ &
' o “7c,+C,  3d
2
charge on plate Q= CeqV = a :;’Eccj) v
surface charge density =oc = % =SV
a 3d
electric field = +- 2 =9 =l
=N 2¢, ¢
electric force = E
3d
. Ve
acceleration of electrons =
(3d)m
y
.,
TaCC.
inXaxis a=ut t=2
u
inY axis = %xamdamanQ=d
Vet® _ Vea® _
2(3d)m 6dmu?
1
_ | vea? |?
u= 2
6md
2
2. Ceq_ = ?C
2CV
Q = _-_-
3
surface charge density =oc = Q_ 20V
A 3A
Electric field between the plates of capacitor
- 6 , 06 _0o _ 2CV
2¢, 2¢, S 3Ae,
2CVq
Force 91 =qE = ———
g 3Ae,
. . . 2CVq _
for equilibrium this electrostatic force must be equal tomg = =m
(o]
V= 3mgA <,
2Cq
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Capacitance /

3. Q=CV=2x12=24uC
Q1 C1 1 Q1+Q2
St o Qi+ Qz=24uC, V=172 = 4 \olt
Q c, 2’ e C,+C,

(a) Q1=8uC, Qz2=16uC

initial charge on 4uF =0

the charge flow from connecting wire = 16 uC
Ans 16

(b) Ui = % CiVv2= !

2
_1 2 1 2_
Uz = 2 CaV2= - x4 x (4 =32u)

x 2 x (4)? = 16pJ

Total energy stored = 48 uJ
Ans 48

(c) AH = (Ui)system— (Ur) system = % x 2% 122 (16 + 32) = 96uJ
Ans 96

Charge after distribution

a +1/2nC
| |— 1/2nC
b | | +1/2nC
+1/2nC
c | |— 1/2nC
+1/2nC
Charge on outer plate = % =% nC;
-4 —12
C= AeO=500><10 ><8.853><10 = 50 pF
d 8.85x10~
charge on outer surface of upper plate is = %nC = 0.5nC Ans
-9
v=14 =O'5X—1012 =10V Ans
C 50x10”
+1/2nC
| | -29_1
a +1/2nC charge on outer most plate = <=3
| |—1/2nC
b +1/2nC Vab = a._ 172nC =10V Ans
C 50pF
| |—1/2nC
c +1/2nC Vg = a._ 1/2nC =10V Ans
C 50pF

When switch is open = Ceq. = 175p F

Qi=Ceq_ =175><2=15pC

When switch is closed

Ceq. =30 }JF

gr=30x%2=60puC

Charge flow through AB = gr— qi = 45uC

nC

/\
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Capacitance /

7. Using Kirchhoff’s first law at junctions a and b, we have found the current in other wires of the circuit on

which currents were not shown.

Now, to calculate the energy stored in the capacitor we will have to first find the potential difference Vab

across it.
Va—3%x5-3x2+3x2=Vp
Va— Vb =Va = 15 volt

1
U = ECVZab
=1/2 (0.4 x 107%) (152 J =45 pJ Ans.
8.
2uF A 3H}F_6|HF
I+ T —IF=1rF
I - L
[ q
+11- +11—
guF B 12uF
38—-3.9.9 9 9.9 - —  q=24uC
6 3 2 8 12
VA—E—Q—ﬁ =Vs Va—Ve=24V Ans
2 8
9. at steady state
i,=0 i, 20Q
2 1
i3=i2= —=— amp Ans
TP %0710 AP
P PO
i4=i5= ==— am Ans
tTT T AP
charge on capacitor 6uF is=6 x 107 x % x 10 =6uC Ans
10. In steady state situation no current will flow through the capacitor, 202 and 3Q are in parallel.
Therefore, their combined resistance will be
R=2%3 120
2+3
Net current through the battery :
i= & =15A
1.2+2.8
This current will distribute in inverse ratio of their resistance 2Q and 3Q.
i 3 . 3
< = — or i2 = 15)=9A
i3 2 2 (3 +2j (15)
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Capacitance / m—
1.

E 9.1 F (.:I1 A
g . 78: +q,
e _(a-a) ’
E CQ"—(q—q‘) “7
q
D c B
The distribution of charges is shown in figure In closed loop (CDEFC)
E-9 @@ 45 ()
G G
G % 9-9
In closed loop (ABCFA) ———-—+—"=0
p( ) c. ¢, g,
or _&_&_i_;_i:o
C, G G G
q 2 1
or — =y —+—
C, q{cz CJ
2C,+C, .
or =|—sl 94 ... ii
q ( C, J *F (if)
. q q |, 9
From Eq.(i), weget E———-—+—=0
q.(i), we g c,7c, G,
4 C+GC,
or E+—L=q —21—2%
C, q[ cC, J
or Ey 0 _ 2C,+C, o C,+C,
C, C C,C,
or EC,+qy = (2C,+Cy) (51 +Cy) q
Ci
2 2
or EC, - (2CT +2C,C, +2C:1C2 +C3) qq _q,
Ci
2C2+3CC, +C2-C?
EC2 ={ 1 1C§ 2 1 } q1
1
_ EC,C?
Q== 2
C7+3C,C,+C5
— |79 G4
Va—-Ve=|— = —
C| G
2
— . EC1 > = E ~ - E > = 10v|:... &=n=2:|
C1 +3C102+Cz 1+3&+& 1+3n+n 1
C, c?
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Capacitance / ﬂ—

12,
V=18.0V

iy 2amp q=36uC
6.0003 6.00 pF

aty =ev thV,=12v

3000 3.00 uF
o

(i) When switch s is closed potential at b point is same as potential at a point
Vb =Va=6.0 Volt

(i) Final charge on 6.0uF is g = 6 x 12 = 72uC Therefore charge flow through wire b to a is
=72—- 36= 54 .C

13. Let equivalent capacitance = Ceq.
Infinite ladder can be shown as :
6uF
A 1t
—— 8uF — Ceq

B
Now Ceq of this ladder,

Ceq = Z Ceq +8

+ Ceq
by solving i,

Ceqz—BCeq—48= 0

Ceq =12 },lF or —4 },lF
neglecting —ve answer,

Ceq =12 },lF
14. Charge on capacitor is assume as according to reverse symmetry.
2uF g o dF
=
T 4uF
N
% 4uFE Y ouF
||
L
\
a1 +q2=Cqu ..... (l)
from loop AB EFA
91, 9% -G, 92 _ - o
- —+=—+-<=0 > 2q2-39n=0 ... ii
5 2 4 d2—3qs (i)
from loop ABCA
—%—%2 +V=0= 4V=2qi+q .. (i)
from (i), (i) and (iii) we get
3ay
Q1+%= eq —42 :>Ceq=70HF Ans

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
/\ Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow [ i ce 506255 5555 [ CIN : UB0302RJ2007PLC024029




Capacitance / ﬂ—

15.

16.

17.

18.

E=E, g t/RC N E _ Eoe—t/RC
1 _ g 4410 /Rx2x10°
3
EI’13=ﬂ = R= " =2.0Q.
5 5/n3
Q—q i
2
C R
Ezc
=
q
At time tusing KvL 2=9_ 9 _ir=0
C 2C
q t
2Q—3q_d_qR=0 - J- dq __dt
2C dt 5 2Q-3q 5 2RC
1 2Q-3 t 20-3q  _pe 2Q o
—/n —>q ) = “4_e"RC o, g= 22 [1-e ®C
-3 2Q 2RC 2Q 3

Let distance between the plates = d
18 x 10° x d = 4000

_ 4000

18 x10°
Now, C= ErA—Eo

’ d

-9
1306 xAx2.8
7.0%x10%2x 108 = HT
18x108

Solving, We get A = g

Let a be the side of the square plate.
As shown in figure, C1 and C2 are in parallel. Therefore, total capacity of capacitors in the position
shown is
C=Ci+C2
=) a(a—X) N Keo ax
d d

anv (a—x+Kx)

C=

q= CV =

As plates are lowered in the oil, C increases hence charge stored will increase.
Therefore , =39 = S8V (k_q) . &
d dt

Substituting the values
€0 = 8 x 107'2 C%/N-m?

a=1m,V =500 volt,d =0.01m, K= 11 and (cjj_)t( = speed of plate = 0.001 m/s

We get current
- (8x107"2)1 (500) (11-1) (0.001)
(0.01)

Amp
i=4

/\
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Capacitance / ﬂ—

PART -l

5.

Electric field in the capacitor is same at every where which is equal to V/d. so that force at C and B point

is same.
Electric field out side the capacitor is zero so that force at A point is zero.

-Q, +Q,
Q,+Q,+Q, Q+QqQ,

Charge on outer surfaces are equal so Q1= Qs+ Q2+Qs ... (@)
and Qi +Q+Q=Q¢ (i)
V=2 o v= [ -0

C
v=%l o V= Q1_QCZ_Q4

Adding (i) and (i)
Q1=Qs+ and Q2=-Qs

(i) _ 20 Q _ Q
2e0A  255A  2g5A
_2Q Q _3Q
Ein = + = in =
2A g, 2A ¢, 2A g,
In:E_Q = Eind=ﬁ=v
2Cd 2
(i) F=EQ
2 Q Q?
F= x(-Q)= -
[2A Soj Q@ A g
2
F= Q
A g,
1 1 (3Q 9 Q?
E = —_gE’Ad= — Ad=—=- —.
(iii) nergy 5 €0 50[20 dJ 3 C
. . . : 2C
equivalent capacitance before switch closed is Ceq = 3

Total charge flow through the cell is q = 2CE

equivalent capacitance after switch S closed is Ceq = 2C
Total charge flow through the cell is q = 2CE
Therefore some positive charge flow through the cell after closing the switch is = gr — g = 2CE -
2CE _4CE
3 3
the potential difference between end points may becomes zero.

the potential difference between end points may becomes 2V.

s s

When terminal B is connected with terminal C
V- +V—
| | | |

A lleoll b Va—Vp =2V
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Capacitance /
When terminal B is connected with terminal D
+V— —V+
| | | |
A liepll ¢ Va—=Vc=0

The energy stored in the system remains same.

Charge on first row capacitor is q1 = 2 x 10uC = 20uC
Charge on second row capacitor is g2 = 1 x 10uC = 10uC
Charge on third row capacitor is gz = 1/2 x 10uC = 5uC
Therefore charge on the capacitor in the first row is more than on any other capacitor.
Energy stored in all capacitor is = 1/2 Ceq V2 = 1/2 x 4 x 1078 x (10)>=0.2 mJ

C=2uF

6 1 _ 1,1, 1_3+2+4
' Ceq 20 30 15 60
60 20
Ceg= —=—"—
“T 9 3
C . L 20
Total charge in this series combination is = 5 x 90
g =600uC
I .._ g 600
Potential difference between the plate of C1 is = o 20 30V
1
I . _ q _ 600
Potential difference between the plate of Cz is = T 20V
2
I . _ q _ 600 _
Potential difference between the plate of Cs is = T 40V
3
1 _ 1,1, 1_3+2+4
Ceq 20 30 15 60
60 20
Ceg= —=——
“T 9 3
7.
1.5 uF
o—F—o 1.5 uF
° ° 300uC —k= q
3uF4_120V 150V == 24F 3HF:J_(360—Q) 4 i+ 2(3(F)0—q)u0
—I;sopc T T(seo—q) —l: "
A A
va+ 80-9)_ g  360-g _, Q)
2 1.5 3
by solve this equation we get
= g =180uC
Charge on 1.5uF capacitor is = 150uC
Charge on 2uF capacitor is = 300 — 180 = 120uC
Therefore charge flows through A from left to right .
8. Magnitude of charge on the charged capacitor decreases and total charge is conserved.
AtV1=Vz = no further flow of charge occurs i.e. condition of steady state.
In charge flow energy is consumed in heat.
9. C=2uF
Ceq=CH+ E+E+E+£ + ...
2 4 8 16
Coa=C|——|=2 [ |=awF Ans
. 1—12)" " \12) ™"

Ans
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Capacitance / ﬂ—

10.
4uF 2uF

H+|_—L_|B+ G
2uF

A b e

2uF © 4pF
+1,—
F
E=20V
givenVc=0 in AEFC
Va—-20=Vc = Va=20V Ans

by KCL, at point D

2(Va—Vp)+2(Ve—-Vp)+4 (Vc—Vbp)=0

2(Va—Vp)+2(Ve-Vp)=4Vp .. (i) Ans
by KCL, at point B

4 (Va—VB)+2(Vp—-Ve)+2(Vc—VE)=0

4 (Va-VB)+2(Ve—-Vp)=2Ve . (i) Ans
Adding eq (i) and (ii)

2(Va—-Vb)+2(Ve—Vp)+4 (Va—-Ve)+2 (Ve —Vb)=4Vp+2 Vs

= 6VA=6 Vb + 6Ve

= Va=Vp+ Vs

11. In shown fig. C2 and Cs are parallel capacitor therefore V2 = Vs .
Charge Q1 flow through battery and gone to C1 and divided into C2 and Cs
Q1=Q2+ Qs

Total potential V= Vi+Vz = Vi + Va=Vy+ Y2+ Vs

12. Qgmax = Qo1 = o2 = Both capacitors are charged up to the same magnitude of charge
t2 >ty
R2C2 > R1C+
o1 = CiVi=qo2=C2 V2
Ci=C2
So V1 # Va.

13. t1>t2
R1C1>R2C2  for same Qmax
qot = o2 = E1C1 = E2C2
Ifafe E1=E; = C1=C2=>Ri1=R:.

14. During decay of charge in RC circuit

| = log-URC
where I, = Yo
RC
when t=0,I= lozq—o
RC
IIC1 ||C2
1T |
1 1
Vv v

Since potential difference between the plates is same initially therefore I same in both the cases att=0
and is equal to

I_q_O_V

"RC R
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Capacitance / ﬂ—

15.

16.

17.

18.

Also q = qoe/R¢, When q = %0 then %0 =qo e'RC

= g'/RC =2,
L = /n2
RC

= t=RC loge 2

= t o« C. Therefore time taken for the first capacitor (1uF) for discharging 50% of Initial charge will
be less.

(B), (D) are the correct options.

A long time after closing the switch, system comes in steady state and no current flow through
capacitor.
Circuit :

- E
R{+R, +R3
2
. 1 1 [E (R;+R,)
energy stored in battery = — CV2= — C| ——~3 "2/
i y 2 2 [ Ri+R,+R3
E= % = remains constant
C'=KC = Increase
Q' =KQ = Increase
U= % KCVZ2= KU = Increase
C - EO A , C' - K EO A Q CV - EO KAV Ans
d d d
Q=CV =C1Vq = V1=X ﬁ=i Ans
K d Kd

K

2d

Ans

2 2 2
W=Uf—ui=%cv2—%c1v12=1 e AV _1KeOA[VJ _ & AV ( 1}

— 1— —
2 d? 2 d K

Battery connected V = constant

U = % KCV? = KU = Increase by K—times

E= % = constant

2 2y /2 2A2y /2
F= Q = F= Ccv = F = KC—V = K2F
2 EO A 2 EO A 2 EO A
= Increase by K?~times
Q=CVv = Q' =KCV=KQ = Increase by K-times.

/\
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Capacitance / ﬂ—
kEO aL

19. Capacitance of capacitoris = Co = q

- x=Vt
;AH

—»\/

€ aX+k an (L—X)
d d

C= adﬂ[mk(L—x)] =

C=

a

STk~ (k=1x] = adﬂ[kL —(k=1vt]

So, C decreases linearly with time

kEO aL

Charge on capacitor Q = CoVo = Vo = constant.

Potential difference across plate is

V = g = % = V oc l
C C C
V= Yo
80 [kL — (k — wt]
d
Potential energy U = % Qv = % CoVoV = UxV Ans
20. }_‘ \
i 1}
v, v,
Potential difference = Vo Potential difference = Vo
Capacitance = C Capacitance = KC
[K'is the dielectric constant of Slab K> 1]
Qo = CVo New charge = KC Vo
Potential Energy = % CVo? New potential energy = % KC Vo?

Correct options are (A), (D).

21. In PQS process charge on capacitor is Q = CV
In PSQ process charge on capacitor is Q' = KCV

Electric energy stored in PQS is = % Cv?

Electric energy stored in PSQ is = % KCV?

Upsa > Uras

Electric field in PSis E =

Electric field in SP is E =
Eps = Esp

o< a|<
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Capacitance / ﬂ—

PART - IV

1 to 3.

4 to 6.

When C3 = « , there will be no charge on Cz

L1

v_|: ]_c1

As Vi=10V therefore V=10V
From graph when C3 =10 uF, Vi=6V

C,== |6V

v CJ‘_ 4v 10uF
T T
Charge on C1 = Charge on Cz + Charge on C3
6C1=4C2+40uC e (1)
Also when C3 =6 puF, Vi =5V
Again using charge equation

c,0= |sv
10V
CZJ‘_ 5V == 6uF
T T
5C1=56C2+30uC wn(2)

Solving (1) and (2)
C1=8uF,C2=2nuF.

For t =0 to to = RC seconds, the circuit is of charging type. The charging equation for this time is
t

q=CE (1-e RC)

Therefore the charge on capacitor at time to = RC is q, = CE(1 —1)
e

For t= RC to t = 2RC seconds, the circuit is of discharging type. The charge and current equation for
this time are
t-t, tty

—qee RC and  i=—Jog RC
q4=4, RC
Hence charge att =2 RC and current att = 1.5 RC are
q
t
_2RC-RC 1 1
q=ge ¢ =% —CE(1-)
e e e
_1.5RC-RC E 1
and i—Jo g RC ——(1-—) respectively

- —_ 1o _ 1-

RC JeRC JER( e

Since the capacitor gets more charged up from t = 2RC to t = 3RC than in the interval t = 0 to t = RC,
the graph representing the charge variation is as shown in figure

/\
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Capacitance /

EXERCISE-3
PART -1

Equation of charging of capacitor,

V=V, (1—e‘“ Reqceq)

Ceq=2+2=4},lF
Req=1MQ

t
4= 10{1 _ e_106><4><10_6 J

e =06
- el4 =
=  t=05x4

t =2 sec. Ans.

5
= =
3

=/M5-/n3

PP

—8uF

+2v—x X
— —2uF T 8uF

o<

%Xmo = 80% Ans.

Cs
C,+Cy

3 3
3+2

gs

gs

><80=§><80=48pC

When switch S+ is released charge on C1 is 2CVo (on upper plate )
When switch S: is pressed charge on C1 is CVo (on upper plate ) and charge on Cz is CVo (on upper

plate)

When switch S: is released and switch Sz pressed charge on C+ is CVo (on upper plate ) and charge on

C2 is —CVo (on upper plate)

3d 3d
KegA
3d
C 2+K
C, K

Ci=

Ans. (D)
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Capacitance /
E1=E2=X
d
= 5_1 Ans. (A)
E2
KegA
Qi=CivV= 220V
1 1 3d
2goA
Q:=Cv =20V
2 2 3d
Q K
= —+=—
Q, 2
6.

C c'
—
I —
la
2803
d
S
2en —
Cll = 80 2 = eo S
d d
€ S - Z € S
d 3 d

q1 = (200 x 1073 [1-e

g2 = (100 x 103 [1—¢ 1
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Capacitance / ﬂ—
G - (50 x 10%) 9%
Cc dt

%102 )(1-e™
(200107 )(1-e )=(50x103)(100x10-3)[e“]

40x1078
10°
1—et) — =50x 10%e
( ) 20 (e™)
1:6—t
2
t=/n2

| = 4+ l2= (200 x 1073)(e!) + (100 x 10-3)et
=100 x 1032 + &7
= (300 x 107%) e

_[300x107°
e

Att=o0, =0

-l

— |

Suppose charge per unit length at any instant is A and initially it is Ao
electric field at a distance r any instant is
_ A
- 2ner
A
2ner

J=o

99 _ yA)=—Jx 20
dt

o
dt  2ner

x oc2mnrf

—_

s Ec=Eb
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Capacitance /
2
0. B, Vo[ 15(%) _C% Vv
303 2 3 9 18
_CV§
18
£ _2V%[20V, OV |1,(2Y% 2_10_ Vo Y
2" 3| 3 3 270 3 273
S 2% [CVo] 1. ¢ Vg
3 3 2 9 9
= x3|CVZ =|Z-— CV02= 12-91¢ 2
9 2><9 9% 6
1
2
2CVy | | 1o 1A(2V,
Ep, = Vo {Cv0 -3 }—[ECVO _EC(TJ ]
= 1CV§ 1c:v02 1-2
3 2 9
=(1.2 CV¢ = 6-5 CV¢ = i cV¢
3 18 18 18
Total = i+i+i V2
18 18 18
3
= = cV?
18 °
Eo= 3|2 cV¢ ! 1c:vg
9 32
11.
Sz_)l_
._.gr 1
— —_V0
Vo=8V T T
1 q AQ
=T —q —:CVO —q
q
T
CVO—q_i_ﬂ= CVO—q=5
C ¢C C C
5= 3£1+1j 8C — q=5C
C €,
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Capacitance /
=3 [1 +ij = q=3C

12,

g

Just after closing of switch S1 charge on capacitors is zero.
Replace all capacitors with wire.
|

i 5v 30Q

5 5

i= =
70+100+30 200
Now S+ is kept closed for long time circuit is in steady state

=25mA

o
o}
=
=
M

q
—10pF q::80uF

I
<2

Q

9,9,9 5.9
10 80 80
10q
80
q=40uC
V across C1 = 40/10 = 4 volt
Now just after closing of Sz charge on each capacitor remain same

—40,,40 5 30Q
11 1
140 10 80uF ¥ | 40

10MFy 40 301 »
00

70
5,0V 100Q

KVL

-10+xx30+40/10+yx70=0

30x + 70y =6 (1)

40 40

——+5+(x-y)30 -—— +(x—-y)x100-10+x%x30=0

30 x-vy) 30 x-vy)

160x — 130y —6=0 (2)

y =96/1510

x =0.05 amp.

Correct option -2, 3
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Capacitance /

13.

x
Q.
X

T TTIS, l

]

( J J.KgOA(D+x)
D

L /m2
Ceq K80A
oq = KeoA  Therefore o = 1
D¢n2
PART -1l
1. UO :i U= —qge_thr = U_O = i = e_2t1lr :l
2C 2C 2 4C 2
t1=—= /(n2 ..(1)
and q=q e—tzlr
t, /1
%0 =q ",
e—tzlr — l
4
t2=2tIn2 ..(2)
L 1
t, 4
v |
R 2uF
2.
—
200V
v =200(1 —e¥)
120 = 200(1 — e™¥?)
.- 200-120 _ 80
200 200
t/t =log(2.5)= 0.4
5=(04)xRx2x 10
5 =R=27x10° Ans.

" (0.4)x2x107
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Capacitance /

3.

Time constant for parallel combination = 2RC

Time constant for series combination = %

In first case :
— t1
_ 2RC =
V =Vpe =

Vo
2
In second case :

From (i) & (i),
b, _ b
2RC ~ (RC/2

~

Q = cgo VR

4g=4eg,e7t"

ge=gogl"

Whent=0 = e =25

g£=¢g=25

when t=200 = €=5
_200

5=25¢€ °

In5= 2%

200 _ 200
/n5 /10 - ¢n2
200

/n10-0.693
Alternative :

T=

Time constant is the time in which 63% discharging is completed.

So remaining charge = 0.37 x 256 =9.25V

Which time in 100 <t < 150 sec.
C,

X
|

«—
120V

G,
-+
| |
11

«—>
200V

For potential to be made zero, after connection
120C1 = 200 C2

= 3C1=5C2

Ans. (2)

Electric field inside dielectric —— =3 x 10*
)

—5=22x885x10""2x 3 x 10*

=6 x 10”7 C/m?
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Capacitance / m—
7=

< )—EuF
¢ Q. 2|pF
2 2
Q:= o2 Q=?Q
X
a-e(c3) = @35 - o5

a9

8.
4pf 12uf
| | | |
| [
+6V +2V
Q1 =24puc
Q2=18 puc
Q=42uc
E=10"x42 x 10
E =420 N/C
9.

250V 250V 250V 250V
Minimum no. of capacitors required = 32

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
/\ Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

Educating for better tomorrow = T E5 | CIN - UB0302RJ2007PLC024029




Capacitance /
10.

1.

12,

13.

e
e —
e

Iz
at steady state

A —/\WWW—

ra

current in the circuit I =

potential difference across AB= Irz =

r+r,

Er,
r+ry

charge on capacitor = Q = C(AV)as

Q-= CEr,
r+r,
Qcap = KCoV
1
|onlarised = Qcap (1 - E

= (90 x 10'%) (20) (gj (1—%) Coulomb = 1200 x 10-'2 Coulomb = 1.2 nc

3uC 3uC
\—1 1 }7
Q

_1uC

V=—=—=1Volt

C 1uF

Capacitance of element =

AT

—
X

Capacitance of element, C'

d

1 dx
ZE - IKSOA(1+ax)

0
1

C KeyAa
Given — ad << 1

m(1+ ad)

kegA

dx

K(1+ax)e A
dx
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Capacitance /

1 1 a?d?
p— ad —

C KgoA(X, 2
1_.d (o

C KgA 2

C= ngA (’I+a—dj

14,

| |
1V
Given C1+ Cz2=10puF ...(i)

4(%C1V2) =%CZV2

= 4C1=C2 ... (ii)

from equation (i) & (ii)

C1=2uF

C2 = 8uF

If they are in series

Ceq. = CC, =1.6uF
C,+C,
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Capacitance /

SOLUTIONS OF HIGH LEVEL PROBLEMS

1. (a) Charge on capacitor before connection

+ 20V —

.

2001F

Q1= CV1=4000 pC

Charge on capacitor after connection

||
200uF

Vv Q2=CV2=200 x 10 = 2000 uC
(b) Charge flown through the 10V battery = 4000 — 2000 = 2000 pC

(c) Work is done on the

battery.

Work done = Q2 x V2=2000 x 10 = 20mJ.
(d) The decrease in electrostatic field energy.

=Ui—Uf=l CV+2 1 CV2? = —
2 2 2

=30mJ
(€) W =AU+AH

!« 200 x (20)> - % x 200 (10)?

-20mJ=-30mJ + AH

[AH =10 mJ]
2. Equivalent capacitance = 0.7 uF = %MF
T _1 1 1 _ 1
Ceq 10 1+§ ’I+i 1+ 1
7 7 713 2+1
3

Ceq = 0.7uC can be obtain as shown in figure

% — Three capacitors in series

2 — 2 capacitor in parallel.
and now charge distaribute as shown in figure

6OEC_+ _G-QEC

oo [THHA
T L YT
B 180uC
T
180uC
|
600V
3. Q=CV=0.1x10=1C
01F 1
|| 4 |-
1
I'To.1F
| [l
Q:=Q1=Q/2 10V = Hore =
Uinitial = % x0.1x (102 =5J
2 2 2
Lhmm = J_E%_ 1—1_52_ = E%_
2 C 2¢C C
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Capacitance / m—

Uinitial = i =2
Ufinal 25
c, C,

LA |B D' 'c |_—l—

4. 5 =

o (4]

_ 0 2 _5ne

Ci= 3 B

2x10 4

. (0.12}2

0 v 1e

C, = 23 _ breg

3x107 5

Ceq - C1Cz - 307T 5} _ 30 17pF

C,+C, 49 49x36x10°

The energy stored U = %Ceq V2

- % x 17 x (1202 x 102 =122.4n J
<L> é

5a

This is combination of 5 capacitors connected parallel.

C=C1+C2+C3 +Ca+Cs= (A/9) < +2 (A/9) & +2(A/5)€0

2 d 3d

A, 8 _8¢5A

5d3 15 d

Sl U ot
() A o {1+BX} A, 2{1+Bx(d—x)} A
EO EO
d/2 d
L /n 1+BX} . /n {1+B(d—x)}
J' 1 _As S0l A< o d/2
dc B _ B
<o <o
A + Bd + L mn |1+ Bd
Ceq = AB d
2zn{1+5}
<o

Now Ceq = 2Co (Co = capacitance when it is without any dielectric)
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Capacitance /

AB

<o

pd |
2({1 + 2}

=

(b) At steady state
10Q

5V—= 4uF 20
'I' u

the capacitor will be fully charged.
100

Q 5V

T

Potential difference across capacitor v = % x20=4V

Energy stored U
4.0uF 8.0pF

oV

f—0

=

1

1,2
= _—CV°=—x4x%x (42 =32 uJ
5 5 (4) M

12 uF
Il
Il

20V
I
||

(i) Charge flown through the battery Q = Ceq. V = 240 uC

(i) Charge on 4 yF
Charge on 8 pF

capacitor = Q4u,r =20 x 4 = 80 uC
capacitor = Qsyr = 20 x 8 = 160 uC

By KCL,
u-1mz+u-o;% +(x-0).4=0

2X — 24+4?X+4x 0
6x+4—X—24
3
x=§v
(Y - 0)4—(3—— j
1
(Y - 0)2—(3—— j
1
2Y = 3— Y
11
i
1
Va—Vb—%V Ans.

/\
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Capacitance / ﬂ—

12v

by —12-3424_9-9 Mif aF
2 4 T\{J
24V

ﬂ + ﬂ =12
2 4
3q _ -
il 12 = q=16puC
Va—Vp =—3 =_ % ~8V Ans
10. Before opening the switch potential difference across both the capcitors is V, as they are in paralle.
Hence, energy stored in them is,
Ua=Us= %CV2 o Utota =CV2=Ui ... )

After opening the switch, potential difference across it is V and its capacity is 3C
Ua =1 (3C)Vv2 = 3 Cv?
2 2

In case of capacitor B, charge strored initis q = CV and its capacity is also 3C. Therefore,

> _cV?
Us = =
2(3C) 6
2 2 2
o Urom= SV 4 CZ = %CW: 503\/ U 2)

From Egs.(1) and (2)

1.

Kieg A . Kyep A K, K
a) Ceq=Ci+Co= 1507 4+ 225078 = A [T14 72
@ T d; A

(b) Surface charge denisity = % = [K1 o AJX _Kisy, and % =[K2 0 AJX _Kesy,

d, A d d, A d,
2
(c) Energy density in medium Ki = %K1 < E2 = 602212\/
1

® Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
/\ Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVCP - 4
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029 )




Capacitance / m—

Al2
12. / Ch = %+%
7.
A
-12
(i) Ca= —S0A (4 1)= 885x10 X%‘O‘l 9+1) =2x 10°F = 2nF
2d 2x8.85x10
Un = % CaV2 = % x 2% 109 x (1102 =121 x 107J  =12.1ud Ans
(iyW = |U; -
-9
Car = 0A_Ca2 2x107x2 _ 4 p Q=CaV=2x109x 110 = 0.22uC
d  (k+1) 10
2 —612
U= 2 102200 S _go5,) y=121p) > W=484p)  Ans
2C,, 2 (0.4x107%

keg A 9x8.85x1072x0.02
d ~ 885x107
total charge  0.22x107°

total capacitance (0.4+1.8)x107°

=18x10"°F =1.8nF

(iii) Ca= 0.4 nF,Qa = 0.22uC, Cg =

common potential V = =100V

u-= 1 CaV? + 1 CeV2= 1 (Ca+Cg) V2
2 2 2
=% (0.4+1.8)x 107°(100)? =11 Ans
13. Equivalent circuit diagram
2uF 4uF
4nF
4uF 2uF
IZ;,:F IZ;IlF
= from part (a)
20 ,F
]| 7
IpnF
Resultant capacitance = ? +1= gpF
14. If capacitance of C is equal to 12uF. Then equivalent capacitance of the ladder between points A and B
is becomes in dependent of the number of section in between points.
6pF
Ae-f
_L8uF _[C
Be--
= 6C +8=C
6+C
= C?-8C-48=0 = C=12uF
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Capacitance /
15.
v=[_ad .fa d_ g 1H o H
a47-c g kr 4n ey r? dneg k| rl, 4dmey| 1
q [1(1 1) (1. 1 _ 9 [bc—ab-kab+kac
4neg kla ¢ c b 4n e kabc
ve G {ba(b—c)+b(c—a)} Cog= &
4n e, kabc \
_ _ 4m & kabc _4n & (3) (a) (3a) (2a)
° ka(b—c)+b(c—a) 3a (Ba—2a)+3a(2a-a)
Ceq=3 (47'5603 )
= 3 (capacitance of capacitor of isolated conducting shell of radius a)
= n=3
X dx
—> <>
131y
i
16. 2
¥4
take ‘dx’ element at x distance > = £; y= xd
y d 4
dC1 - K2bdX Eo - K2 EO bde
y xd
dCQ= K1b€0 dX - K1 b eO dX f
d-vy d(/-x)
dC1 and dCz are in series, so their equivalent
dc = dC1 dCz — K1K2b£€0 dx
dC, +dC, (Ky —Kox+Ky/

Now, we can consider there parallel slabs to the parallel in circuit combination

Ceq. =dC1 + dCz + dCs + dC4

jdc

l

) J~K1K2 bl e,
d

(o]

K1 K2 b( €

d x
(Ky —Ko)x + Ky

= 21 82 Y So g yKy—InKz 1)

d(Ks=K3)

C=
d(K;-Ky)

K1 K2 b( S

K1 _ K1 K2 b( S

In— =
K, dK, —K,) K,
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