Electrostatic Potential
and Capacitance

& NCERT rocus

Topic 1
1. (i) Let C be the point on the line joining the two charges,
where electric potential is zero, then

Ve=0 5x10°C  -3x10°C
o 1 da___1 G

47'580 rCA 47'580 rCB

5x1078C (-3x10720) 5 3
or 5 =— ) or —=

xx107m  [(16—x)x107"m] x 16—x
or 80-5x=3x or 80=38x

80

or x=— or x=10cm

So, electric potential is zero at distance of 10 cm from charge of
5 x 1078 C on line joining the two charges between them.

If point Cis not between the two charges, then

5x10°C 3x10°C
A<—16 cm-qu— X —C}
T g4 -1 g
or — =
471:80 ea 47'580 e

o 5x10°C ~3x10°%Q 5 3
[(16+x)x10‘2m] [xx1072m]  16+x x

or 5x=48+3x or 2x=48 or x=24wm

So, electric potential is also equal to zero at a distance of 24 ¢m
from charge of -3 x 1078 C and at a distance of (24 + 16) = 40 cm
from charge of 5 x 1078 C, on the side of charge of =3 x 1078 C.
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2. V=6x =
Ameg 1 “hA
o 5x107° K "
or V=6x9x10"x 10x10-2 M0

or V=27 x 108 volts.
3. The length of diagonal of the cube of each side b is

Bb? =b3

Distance of any of the vertices from the centre of cube,

V3

r=—=>5b
2
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E =0, as electric field at centre due to a charge at any corner
of cube is just equal and opposite to that of another charge at
diagonally opposite corner of cube.

Topic 2

1. (a) Since it is an electric dipole, so a plane normal to AB and
passing through its mid-point has zero potential everywhere.
(b) Normal to the plane in the direction AB.

Topic 3

SoA
1. Cy=22 —gpF
0= 7 P
KegA  2KepA
C= 00 - 207 _9KC,=2x6x8pF
di2 - d o= oxhxeR
or C=96pF

2. A=6x102mid=3mm=3x10"m, V=100V
gA  8.85x1072 x6x107
d 3x1073

=17.7x 1072 F or  Cy=17.7 pF

On connecting the capacitor across 100 V supply, charge on each
plate of the capacitor is

Qp=CV=177x10""2x 100 or Q, = 1.77 x 107° C,
3. C=KCy=6x17.7=106.2 pF
(@) If the voltage supply remained connected, then the

potential difference across the capacitor will remain the same /.e.

V=100V and hence charge on the capacitor becomes
Q=CV=106.2x 107" x 100

or Q=1.062x108C

(b) If the voltage supply was disconnected, then charge on the

capacitor remains the same

ie. Q=177x107C

and hence potential difference across the capacitor becomes

-9
vo Qo WPA0E oy 67y

C 106.2x107“F
4. rp=13am,r;=12m, K=32,Q=25uC

(a) Capacitance of capacitor is

COZ




_ dmegknn _ 1x32 X13><10—2><12><1o—2
h—h 9x10°  (13-12)x1072
or C=55x10"F
(b) Electric potential of inner sphere is
Vg=Vgg+ Vs

_ e Q) Q fi-h
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(c) Capacitance of isolated sphere of radius 12 cm is

C

x12%1072

1

Cy = 4neyry 00
or Cu=13x10""F
Here C > C,, because a single conductor A can be charged to a
electric potential till it reaches the breakdown value of surroundings.
But when another earthed metallic conductor B is brought near it,
negative charge induced on it decreases the electric potential on A,
hence more charge can not be stored on A.

Topic 4
_G_9 _
1. (@)C= 33 pF or C=3pF

(b) Net charge stored in combination of capacitors is
Q=CV=3x10""x120=360pC
So, potential difference across each capacitor is
Q360 pC
"¢ 9pF
2. @C=CG+G+G=2+3+40 C=9pF
(b) Since the capacitors are in parallel, so potential difference
across each of them is same /.e.
V,=V,=V;=100V
So, charges stored on capacitors are
Q,=C,V;=2x100=200pC
Q, =GC,V,=3x 100 =300 pC
Q;=GV5=4x 100 =400 pC
3. G, and G are in series, so, C= 100 pF
C; and C" are parallel,
soC"=C;+C =100+ 100 or C”=200pF
C, and C” are in series, so net capacitance of the network is
1T 1 1 1 1T 1+2
—_,—_,— = =
c C” (¢, 200 100 200

o G =¥sz 66.7 pF

V, =40 volts.

Net charge stored on the combination is

=CV= ¥x10_12x300= 2x 10°8C
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As C" and C, are in series, so

Q"=0Q,=Qor Q"=0Q,=2x108C
” —8
andhenceV”zo—”zLofzzmov
C 200x107'“F
-8
andv,= & = 210°C ooy

Cs  100x107"F
C; and C' are in parallel, so
V=V =V or V,=V =100V

and hence Q; = C,V; = 100 x 1072 x 100 = 1 x 1078 C

and Q' =CV =100x10""2x 100=1x 1078C

G, and Ggare in parallel, so Q,=Q;=0Q’

or Q,=0Q;=1x1078C

-8
and hence V, = &:% =50V
G, 200x107"“F
-8
andv,= 8 o DI0C gy
G 200x107"“F
Topic 5

1. U=%CV2=%><12><10_12><502

= 15000 x 107'? or U=15x1078.
2. C,=600pF, v, =200V, C, =600 pF, V;, =0
On connecting charged capacitor to uncharged capacitor, the
common potential V/ across the capacitors is

GGl _ 6001072 %200+0
G+G  (600+600)x107"2

or V=100V
Energy stored in capacitors before connection is

U; =%qvﬁ +0=%><6OO><1O‘12 x200° or  U:=12p)
and energy stored in capacitors after connection is

Uy =%(q +G )/ =%(600+600)x10’12 %100

or Ug=6yl

Hence the energy lost in the process is
A=U=U;=6-12)p) or AU=-6pl.

3. A=90m?=90x10"%m? d=25mm

=25%x1073m
-12 -3
C:¥:8.85x;(;x1;<_93x10 o C=32pF
1 1
(@ U= ECVZZE x 32 x 10712 x 4002
or U=2.56l
1 5 1 gA
- (VP =—x2" a2
(b) > X x (E.d)
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= 1aOAEZd o Lo 180 £
2 2

Ad

or  Energy per unit volume, u = %eo E?

4, Cy=4pEV,=200V,.C,=2pF V,=0

So, common potential difference across the two capacitors after

connection is

o GM+GY _4x107%x200+0

G+G

(4+2)x107°

=133.33V

Initially, total energy stored in capacitors before connection is
1
U= 50 =% x4 x 1076 x 2002 = 0.08 J
and total energy stored in capacitors after connection is

Uf=%(51+c2)v2 (4+2)x107° x133.332

]

"2

or Ug=0.053)

So, energy lost due to connection is
AU =U; - U,;=0.053-0.08

or AU=-0.027).
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