Capacitance

) 4

TOPIC : CAPACITANCE

EXERCISE#1
SECTION (A)
1. Q= Q1+ Q2=150uC
o o
QZ = CZ = E = 1':50|J.C
Q- = 100uC

25uC charge will flow from smaller to bigger sphere .

2. Charge is flow untill potential are equal and in charge flow energy is decrease
Q Q
C - G = Q1R2 = Q2R:.
3. The charge on the capacitot remains constants
sl
Capacitance C = d d cJ
1
Energy u= 2 C cy un
Q

Potential v=C cd Vv~
4, Isolated capacitor > Q = constant

sepration d increase = C = decrease

Q=Cv = V = increase
14. Capacitance of spherical conductor= 4n€oa where a is radius of conductor

L == 110

Therefore ¢ = 9x10° 9 =0.11 x 10F = 1.1x 10.0F Ans.

15. C=12pF
d

d = 2

A'=2A

c_Ad

C Ad=-2x2=4 > C'=4C=4x1C =48 4F

2
£o(rR7) =4nggR
16. C= X = x=R/4
SECTION (B)
lcvf2 - 1cv12 1
1. W=Vi—Vi = 2 2 = 2 C (402-202) W=600C
1 900 900 W 3

Wi= 2 C(50:-402)= 2 C wi= 2 600 4w ans

2. Charge on capacitor = CV = capacitance x (voltage across it)

&

In steady state, there will be no current through capacitor.
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14.

18.

19.

20.

21.

&

o
Py

> AAVAVAAA
I R2
i |1
I ]
ER, CER,
voltage across C =iR2 = Ry+r . Charge on capacitor = CiRz = Ry +r

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

Q? @
_2C _2cC°
@ J1_1
- 2 |C c°
ASOV Ago AEO
Where ,Q=cv = d c= d c = 2d
g, AV?2
Now, work done = 2d Ans.is (4)

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 —
A A B
b A ——
| e
10 '
10

current in steady state =i = 5 =2 amp
potential across AB=iR=2x4=8V.
Potential across each capacitor =4 V
oneachplate Q=CV =3x4=12uC

C,V,+C,V,  600+600
C,+C, _ 20+30

Common potential V = =24V

1 1
W = 2 CV2 = 2
1,.(8x107"°7 1 64x10°°

— X

=2 100x10° — 2 100x10° — 35 x 10.52]

g
C

Key Idea : On removing the battery after charging, the charge stored in the capacitor remains constant.
When a capacitor is charged by connecting a battery across its plates, the initial energy stored,
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22.

23.

25.

28.

29.

&

q2

2C
When the battery is disconnected, then the charge remains constant i.e., q = constant.
Now another identical capacitor is connected across it i.e., the capacitors are connected in parallel, so
the equivalent capacitance
Cq=C1+C2=C+C=2C
Thus, final energy stored by the system of capacitors,

I | u
U: = 2Ceq — 2(20) 2 U K U' = E
1
Key Idea : Energy stored between the plates of a capacitor is equal to 2C
1Q° Q £oA
_= G =— =
Energy stored, U= 2 C but A andc= d
1 (cA) Ac?d
U= 2(gAld) or U= 28
’ 2
[s]
2(3] X CGAd 1E280Ad
or U= 0 or u=2

Energy stored per unit volume i.e., energy density is thus given by
U_U _1 o 1 [VJZ_‘IEOV‘?

d

LoV oA 29F _2%(d) T2 ¢
1

Note : 2 eoE: is also a force on a conductor per unit area which is every where along the outward drawn
normal to the surface.

The common potential difference across two capacitors connected in parallel

C\V, +C,V, (OAY
V' = C1 + CZ Here, Vi = V, Vo=0 . V' = C1 + 02
The two condensers in the circuit are in parallel order, hence
c_3c
C=C+ 2 2

the work done in charging the equivalent capacitor is stored in the form of potential energy.

1 l{ﬁ] 3
Hence, W=U= 2 CV.2\ 2 /=y, =4 cv,
1

Energy stored by any system of capacitors is = 2 Cnet V2 Where V is source voltage
Thus, n capacitors are connected in parallel,
1

Therefore Cret = nC Enee= 2 NCV2

Work done by battery = (CV) V = CV2
Energy stored in capacitor = CV:
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Tov2
Energy stored in capacitor ECV

1
Work done by battery _ cy2 2

Correct choice is (4)

A € A =)
d d, d . 2d 18A g,
30. c=3 6 -9 18 - 4d
C=9PF
3 6
C =405 PF
Correct choice is (3).
Tevz
31. u==2
[2v \/2x0.16 \/ 16
T~ -6 -4
V = C = 2 X 10 = 10 = 400 V
1 1
32. W= 2 CVo= 2 x6x 10 x (50)2
=3x%x 104 x 25
=75%10-4J
=7.5%x10-3J
33. AU = decrease in potential energy
=Ui— Ut
2
1 1 ( Vi + Vz} 1
= 2 C(Viz+Va)— 2 (2C) * 2 = 4 C(V1i—Va)2
34. When capacitor is fully charged, it draws no current. When no current in the circuit, potential difference
across the cell = emf of the cell = potential difference across the capacitor.
37. In steady state condition, no current will flow through the capacitor C. Current in the outer circuit,
2Vv-V V.
i— 2R+R 3R

potential difference between A and B -

v

A

v A gy 8

A
|2V 2R

Va—V+V+iR=Vs

p
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CIN
“Ve—VaziR= R/ g=3

v
In this problem charge stored in the capacitor can also be asked which is equalto q=C 3
charge on B side and negative on A side because Ve > Va.

with positive

SECTION (C)
C C
{} {}
= <
< L
A 1T 1T B
|| ||
1. IIC HC
ac
Ceq: 2 =2C
C
{l
C C
—| i
I ]
2. {|
2C

Ceq=C+ 2 +C =3C.

Tt o111

— =t —+
3. ¢ 3 3 3 =  Ci=1pF, C:=2+1=34F
Ceq:].IJ.F.
3pC ouC
>—} {}
8 0
4uC
TN
M
+|\_
I\
4 8v
15 47
Ceqz 8 +4= 8 |J.F

a.9

3 5-38 = g = 15pC
Charge on 2uF
9 _15-q 30

2 3 > q= 9 =6.0uC Ans.
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X &

200 J:
=100
200 =
=100
100 T 100
6. ye* =
solving by parallel series combinations,
200 J:
=100
100 = =100
= . =
100 == =100
= . =
Ceq =200 pF  Ans.
7. Combining two capacitors in series combination
L
c 11 = C=05

Now, forming one capacitors in parallel with this combination, total capacity =0.5+1=1.5

HHF
33.
A1 1 1 11 34
Cog 2842424+ 2=8, 2x4
S 8
Ceq = 8 ﬁCeq.: 13 uF
H
S I
eq =6 424244
1o 12
Cog =12 S =1

=100

X &
200 J:
200 =
=100
200 =
y L
L 200
‘|i =100
-|— 200
.—
= 200pF
.—
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HHHI
a1
Ceq = 6 + 2 x 4
U 6
S 13 6

eq = 6 = Ceq = 13 IJF

HF
B
Ceq = 10 + 2 + 2
T 10
Ceq = 11 4
37. Key ldea : Charge on a capacitor is the product of capacitance and potential difference across it.

The charge flowing through Ca is
ge=CaxV=4CV
The series combination of C1, Cz2 and Cs gives

1 1 1 1
—_ et —t —
C' C 2C 3C
6+3+2 11
- 6C 6C
6c
= C = 11
Now, C’ and C. form parallel combination giving
C’=C +Cas
60 4056
= 1 11
Net chargeq=C” V
50
= 11 CV
Total charge flowing through Cs1, C2, Cs will be
q=q-0s
50 6CV

2 eov-4cv =L
1 11

Since, C1, C2 and Cs are in series combination hence, charge flowing through these will be same.
6CV

qZ:ql:q3=q’= 11
q_ZZGCVf‘H: 3

Thus, G  4CV 22

38. Capacitance between any two adjacent plates is ‘C’

&
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39.

40.

41.

42.

&

n
Capacitor consists of n plates, then there are (n -1) combinations joined in parallel.

Chs= (n - 1)C
Ci=3pF Vi = 300v
Cz=5pF V2 = 500V
Ve - CiVi+CV,  3x300+5x500 900+ 2500
Ci+C, - 3+5 - 8
3400
8 =425V

(1/3)

V, -~ -7

1_ 1/G, C 13 Y T3i2an)?

2 \1C,+1/C+1/Cq ) _\1/2+1/3+1/6) _ 6 =2V

Seeing in the given circuit C: and C: are connected in parallel. Hence, their equivalelnt capacitance
Ceq:Cl+C2:5+10

=15 uF
As Ceq and Cs are connected in series, Hence, resultant capacitance between P and Q is given by
LI P S 1)
Cpq Co C; 15 4 60
6

Cro= 19 - 3.2 uF

Capacitors Cs and C. are in parallel, therefore their resultanct capacitance,
C 2uF
A 1 ]l
T $ 1
2uF C, C, G

2uF
1uF TuF
—I_C1 C, B
Now, capacitors C2 and C’ are in series, therefore their resultant capacitance,
1 1 1 2
U )
cr 2 2 2 C’=1uF
Capacitors Cs and C7 are in series, therefore their resultanct capacitance,
1 1 1 2
Amoa TS5
c" 2 2 2 C” =1 uF.

Now, C”” and Cs are in parallel, therefore their resultant capacitance,
C”=1+1=2yuF.
Now, C”” and Cs are in series. Therefore, their resultant capacitance,
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1 1 1
==
(0)51 2
C 1uF
A—
C (Cy’

TWF = C

T

(C)s' =1 uF.

Now, C” and (C)s" are in parallel. Therefore, their resultant capacitance,

B

(C)e=1+1=2yF

Now, C: and (C)e’ are in series and their resultant capacitance is given 1

17 1 1 1 1 1
_= 4 — — = —_——
1 2 C c 1
C=2uF
; <\T/> B
A
43. {} =
BuF B6uF 3uF
i
a }_‘ ¢ ’_{ [ 12F
}_‘ ' \_{ I
6uF
a4. (i) 6uF  3uF
12uF BuF
a il {1 b
192uC 35y 192uC
i
c
(ii) 48V 12uF 6uF 0
Charge on 2uF capacitor => Q=
A, wire
45,
All given charge of A1 goes to A2
Therefore C = 4neor2
46. N=8
R = Nuar
= 8uar
R=2r
C_R
C r — 2

&

2 2

Cac=6+ 6=12uF

12x6
Ceq = 12+6 =4uF
6uF 3pF
c ’_{ 2*F b
32v \_{ ' 0
—
6uF 3uF

Q=2x32=64uC

uF.

CquZC
2( 6.3 J+2
Cw= \0+3 = 6uF
Ans

Ans
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47.  Cre=(C/2) ||Cere || (C/2) = 2C

SECTION (D)

1. () (2) atto;g=0go=60uC

(i) (3) Qg = qoe-vrc = 60 x 106 ©

60

€ uC= 22uC.
0
10

—~100x107%/10x10"6x10

o

~1107°/10x1070x10

@

(i) (1) g = qoe-vrc = 60 x 106 © = uC =0.003 uC.

| <

2. ()@ i

o
1

6
=24 =025A

(i) 2) i=ioewc=025e1= € =0.09A.

3. ()(3) i=

(i) (2) P=V.i
d

(i) (4) 9t =R

amp

2.21 amp.
6x221=132W

=(2.21):2x%x1

=488 W

(IV) (4) Pbatten/ = Pheat + Pc
Pc = Pbaltery — Pheat
=13.2-4.87

=8.37W.

4. @ q=2-=

0.2x107

45105 %6 1_g 4x10°x25

2

g=12(1-e->)uC

(e 1)
= 12 Ch

= 10.37 pC.

uC

7. If S1is closed and S: is open then, condenser C is fully charged at potential V.

8. Charge on each capacitor will be same. In steady state current through capacitor will be zero current in
10

steady state =i = 5 =2 amp potential across AB=iR=2x4=8V.

[
A

By

~——i

-~
10 '

B

Potential across each capacitor=4 Voneachplate Q=CV=3x4=12uC

&
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9. () (B) atto;g=0qo=60puC
60
-100x10°°/10x107%x10 "~
(i) (C) = qoevrc =60 x 10 © ' = & uC=22C.
60
~1x1073110x10%x10 10
(ii)) (A) q = qoevrc = 60 x 106 © ' Y= e" ,c =0003uC.
6 2o R
10. logi = RC 4 log R ; Compare with  y=mx +c
& e gl
=> m] = RC .c= log R as R increases, |m| and C both decreases so (B) is the correct option.
E E E

I-I-Il

Py

|1

I

O

A
-

@]
-

O

X

11. o) 0O @]
inrst = Qlost =CE
C)ﬁrst

Ratio = Qiost = 1.

SECTION (E)
gy A 2¢ A
1 c=4d/2 - d =-3c
2. 3) Q = constant
New capacitance = KC (increases)
v
V' = K (decreases)
Q2
U = 2CK (decreases)
Q Q
E= A% - E'= FAS (decreases)
C
|
i
3. 4V

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

4. Charge or battery=Q=CV =4C

Now charge remains same, as battery is disconnected new capacitance = C" = KC = 8C

&
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33.

34.

35.

36.

37.

Q 4C 1
CV =0Q v=C=8C_2y (1)
Lov? deve
Uo= 2 (given) Now energy = U" = 2
C =CK
Tevek
U =2 = UK Ans. is (1)
Now, charge remains same on the plates.
Q2
Uo = 2C (given)

@ Q@ oy

— 0
Now energy =U" = 2C _ 2CK_ K (3)

No change in the energy of the system. Hence, not net work done by the system is zero.
Correct choice is (4)

Conceptual

In the arrangement shown two capacitors each of area A and separation d/2 are in series.
KoepA  2KiggA

c,= d/2 d
KygpA _ 2Koe0A

C,= d/2 d

Effective capacitance C is given by

1 1 1 d d d [ 11 ]

—=—+— + —+—

C G G _ KA 2KygA _ 250A Ky Ky
2g,A (K1 +K, J

C-= d | K;+K,

As insulator plate is passed between the plates of the capacitor, its capacity increases first and then
decreases as the plate slips out. As a result, positive charge on plate A increases first and then
decreases, hence current in outer circuit flows from B to A and then from A to B.

Aluminium is a metal, so when we insert an aluminium foil, equal and opposite charges appear on its two
surfaces. Since it is of negligible thickness, it will not affect the capacitance.
Alternative : From the formula,

goA
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38.

39.

40.

p

= Here, K=ecandt-> 0
goA _ oA
S0, c=d+0 d -
VC2=VC2=V
C:=C
C2=KC
C.V
Q= "% =cv
V,
Q2= Cz ©2 =KCV
g1 <Q2.
(&)

E= % =21x10s

o E_o &K_21x107
=tk -1x10, - E' 5 o 1x107
gy A
c= d
d' = 2d, K=3
3
c=2CcC
EXERCISE # 2
(1/C,) ( 1/6 ]
Vo= MCi+1/Cy \ _\116+112) 00 _oey
Vi=Vo—-V2=100-25=75V
c
C
C
C C ¢
|—||—n:|
{_—
2V 2V
Qi+ Q2+ Qs +=1.8uC=(3C)2=1.8uC
C=0.3uF
C

Cea= 3 =0.1pF
Q:Cqu=O.lX2=O.2|.1C

or

K=21=2
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al6 - /3

| |
|
q/6 —q3

|

|

o
=3
(o))

o
=
S

|

|

q/3== q/6

q/6

I 1l

9_9a_4q 5q d 6C
Va— 3C 6C 3C -y, = Va—Ve= 6C vyi_vg= ~en o Ceq = 5 Ans
dq v
5. dt —c dt
av
dt =02v/s
(ﬂJm
v= At gossg
At=100s

6. Immediately after the key is closed, capacitor be have like a conduetory wire, therefore.
E
—

R,

E
R, i= R Ans
After a long time interval, capacitor be have like a open circuit. Therefore.

Cs
7. Os = Ca +Cy .Q
3 3
g:=3+2 x80= 5 x80 =48 uC
EXERCISE # 3
PART -

1. In series arrangement charge on each plate of each capacitor has same magnitude.
The potential difference is distributed inversely in the ratio of capacitors ie.
V=Vi+ Vot Vs......... Here, V = 3V
The equivalent capacitor Cs is given by

C. C, C,
o
<_V1_><_V9_><_V3_>
H—)
v =

L 4
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1 1 1 1
— =t —F .
C, C C, C4
c
Cs= 3
2. A series combination of n: capacitors each of capacitance C: are connected to 4V source as shown in
the figure.
n, R
| | 1
e I
C, C, C,

Total capacitance of the series combination of the capacitors is

1 1.1 1 N, C,
s +—+—+ — —
C1

G & G G upto ni terms = or Cs=
Total energy stored in a series combination of the capacitors is

lejavy %{&](‘W)Z

ny

-2 I'I1 . . ..
Us (using (i))...(ii)
A parallel combination of n2 capacitors each of capacitance C: are connected to V source as shown in
the figure.
h Cz

C,
n,

c,

C,

|y

K

v

Total capacitance of the parallel combination of capacitors is
Cr=Co+Co+..... + upto nz terms = n2C:

or Cp = N2C2 .. (i)
Total energy stored in a parallel combination of capacitors is
lcpv2
Up = 2
1
(G )(V)? U
=2 (Using (iii))....(Iv)
According to the given problem,
Us = Up
Substituting the values of us and up from equations (ii) and (iv), we get
1C 1 C,16 16C
5 AV = —(0,C, )V’ —=n,C, T
ke or M or C.= MM
1
3. U= 2 cv.

1(’*60) , 1
u=2\ 9 J(EI -2 ek

&
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Jeove
U= 2
V=Ed.
Agg
c= d
1R pgp 1 AwEd
u=2 d _2 d
N _
N _
+ A Zh
+ | K, K, -

EJL
EU 0
ki Eo
k2
» X
| 1
1 1
+ v -
1, @7
U =—0v°=—
o Q9 _CVE (u
"7 2f 2ke 2KC |k
Tev? {1 1}
AU =Ur — Ui = 2 K (3) ans
As the capacitor is isolated, so charge will remain conserved
Q_Q. Vv
(4) pd = C; KC K
1
Initial energy stored in the 2 F capacitoris = 2 (2)V2=V2J
C.C, (2u)(8u)

Energy less = 2(Cy+Cy) (V1-V2)2 = 2(2u+8p) (V- 0)2

5 5/4V?
Eloss= 4 v2J = %loss= V?  x100=80%
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o
C2 C3
k k k S i 1
1 2 3 C1 I — -
ks ks ks C4;3__ Can_| Coe |
8 o
i 3 __3d 3d 3d 1 1 Ke, A _ 2g,A | kik, k.k, N K;Kk,
C, C, Zk aOA 2K, 5,A 2aOA k, Kk, = Ceq = d 3d |k, +k, k,+k, k;+k,
4 + k3k4
k +k k +k k, +k,
Alter :
Wrong solution seems to be correct as per the options given.
2A
3d 9
Ki— K=/ K;—— p—
T T
2As A <
= 3 d(ki+ke+ks)=Ca= 9 ki=Cs
1 _ 1.1 d _ 3d d L :E(k1+k2+k3)+
Ceq Ca GCg N aggKeq  2Agg (ki + k2 + ka) 2Agoky Keg 2
A 1oy
- v- U =5CV
9. Initially 2
v, - cv. Vv
On connecting C+C 2
2 2
—2><1Cx(v] _Cv
Final energy 2 4
So, energy decreases by a factor of 2.
QZ
10 2Agg Independent of the distance between the plates
2 2
1 I - IR G A
1. E=2cv, E=2c'%2) +2c\?) 2p2x2.c. 4= 4 =2

L 4
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&

PART -1

Tovz—Tey?
E_E 24 4100
L_—F «x100 Teov?
E.
% loss = i = 2
% ge " Uy G
Uo = 2C U= 2C = 2 = 4
X
t1= 2 /n2 (1)
It
ando q =qo® E
Q.
4 = qO, e 12/‘5
eftzh _l
4
to=2tln2 (2)
4 1
t, 4
M | |
R [
2uF
| | P
I I
200V
V= 200(1 - e—t/t)
120 = 200(1 — e-w)
200-120 80
es= 200 _ 200
tlt =log(2.5) = 0.4
5=(0.4) x Rx 2 x 10-s
5
N R= (04)x2x107°
= R =2.7 x 106 Ans.

Time constant for parallel combination = 2RC

RC

Time constant for series combination = 2
In first case :
bV
V=Voe R _ 5

In second case

) V
V=V,e (RC/2)

From (i) & (ii),

=24/t _

N
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2RC - (RC/2) = tt= 4 = 4 =25sec.
Q = ceo €-uer
4e = 4eo e
€ = €0 Etr
When t=0 = =25
e=e=25

when t=200=>e=5
200

5=25€ °
200
In5= t©
200 200 200
t= In5 - Im0-In2 _ In10-0.693
Alternative :

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

So remaining charge = 0.37 x 256 =9.25 V
Which time in 100 <t < 150 sec.

C

1
+ —
| |
I

200V

For potential to be made zero, after connection
120C: =200 C:

= 3C1=5C2

Ans. (2)

o

Electric field inside dielectric Keo =3 x 104
= 0=2.2%8.85x%x10-12x 3 x 104
=6 x 10 C/m2
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E[SCEJ 2CE
= Q2: 3 C+3 = C+3
Charge

|
8. +6V +2V

Q1=24MC
Q2=18uC
Q=42MC
E=10"x42x10°
E =420 N/C

9. 250V 250V 250V 250V
Minimum no. of capacitors required = 32

E r
v —
—MA—
10. )

at steady state
EI r
i WWW
Iy
— ——WW——

A —/NM\WW—g

Iz

p
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current in the circuit
E

r-+r,

| =

potential difference across AB = Ir2
Er,

r+ry

charge on capacitor = Q = C(AV)as
CEr,

Q: r+ry

11. Qcap = KCoV

S T
KJ= (90 x 1012) (20) \3/ ' 5J coulomb

= 1200 x 10712 Coulomb = 1.2 nc

polarised

Cy Ca Li2
L d
dr2
Cg C4
| | | |
12. I [
A
Kig® K Ag
d  d
Ci= 2
K,Agg
C.= d
KsAg
cs= d
K,Agg
Cs= d
Coq = C,+C; GC,+C,
ASO K1K3 K2K4 AEO
Keq = +
_ d Ki+Ky Ky+K, | d
Ceq -
eq — +
Ki+K; K; +K,
According to this all options are incorrect
E,A
13. c= d
KEA KC K,C
Ci= 3d 3 > Co= 3 =
C K, +K, +K,) K, +K, +K, _36
Ceq=Keq = = Keq = 3 3
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eCf  (eCF ) &2C(K-1 2 -12
_[( F )]_ [ J 10? x12x10 (Ej_soem
14.  W=—(Ui— U)= = 2 6.5

15.

1
2.3 _6
6‘+1 E 13
= Ciz= 2 2 uF

&

L 4

100 | Page

L 4



Capacitance

) 4

16. Applying the concept of charge conservation on isolated plates of 10uF, 6uF & 4uF and distribuiting the

challr_g_e we get

x30mc =+ 18 uc

E-% -2 _400v/m

17. Eo Mg
Q=100 x A g

> Q=100x1x8.85x 102 C=8.85x%x101C

18. Energy dissipated when switch is thrown from 1 to 2.
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