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

or VVC=+0V 0 5x10°C 3x10°C
cAatVep= A = — B

o VG 1 g

47'580 rCA 47'580 rCB

5x1078¢C (-3x10780) 5 3
or o= ) or —=

xx107m [(16—x)x107"m] x 16—x
or 80-5x=3x or 80=8x

80
= — x=10cm

o Xx= or
8

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

5%x10°C  3x10°C
A<—16 cm-qu— x —Cs
' qa_ 1 G
or =
47580 rCA 47580 rCB
o 5x1078 C —(-3x107%¢) 5 3

[(16+x)><10_2m]_ xx102m]  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 cm
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.

1 q

2. V=6 X
X4n£0r A

or V=6x9x10%x

10x1072 g

or V=27 x 10°volts.

3. ltis a system of three point charges and the potential energy
stored is this system of charges is
e

1A 1A
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1.5A

ANSWERS

CHAPTER

2

_ ! [m+m+%]
dmeg | hy A3 N3

U_9X109[e><—e exe ex—e] 1

+ + X
1 1.5 1 107" m

or U=9x10°x(1.6x107"9)? x 1010[—1+%—1] J

19 -19y2
o U= 9%x10™7 x(1.6x10™"7) X( Z)ev

1.6x107"° 1.5
or U=-19.2eV
with zero potential energy at infinity.

4, (@) C= %:% pF or C=3pF

(b) Net charge stored in combination of capacitors is
Q=CV=3x10"x 120 =360pC
So, potential difference across each capacitor is
¢, 9pF
5. The potential on inner small sphere is
Va=Vaa+ Vag

or V:Lﬂ+q—2
A Areg | n h

whereas the potential on the outer shell B is

L
O

T 1g g
o, Vy—Vy= — |0 G
Ae 47@60[f1 h

__G |h=h
Amey | hh

Asry>r;, 50V, > Vpi.e. inner sphere A'is at higher potential
than outer conducting shell B, for any value of charge g;. So, when
inner sphere A is connected to outer shell B, then charge will flow
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from inner sphere A to outer shell B, until electric potentials on
them is same /.e.

So, charge g, given to sphere A will flow on the shell B, no matter
what the charge on the shell B is.

6. The length of diagonal of the cube of each side b is

b2 =b3

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

_B,
2
1
V=328 — 3= Lbor v=_4q
dneg 1 imeo 32 Breyh
2

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.

7. R=12am,qg=16x107C

1 q 1.6x10™
b) E=-——2=9x10" x ———
M dmeg (12x1072)?

or E=10x10°NC"
1.6x1077

1 q 9
o E,=——=9%x10" x
() on 47'[80 R2

or E,=444x10"NC"
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.

(18x1072)?

(1.6x1071%)2

=-9x 107 x m
0.53x10™

2. @ U= T +ex—e
dney T
U —9x10°x(1.6x107"°)

0.53x1079 x1.6x107"
V)
(b) KE.= +% =13.6eV
Total energy £E=PE+ KE=-27.2+ 13.6 =-13.6 eV
Now W =AU =0-(-13.6)
or W=+13.6¢V
() PE.at1.06 x 107" m separation,
~9x107 x(=1.6x107")x (1.6x107"°)
1.06x107'°

—21.74x107"

1.06x107"
For (a): Taking —13.585 eV as zero of P.E., then
P.E. of the system = —27.17 — (-13.585)

=-13.585eV =-13.6 eV.

For(b): AU= —13.6eV—(-13.6eV)=0
o W=0

or U=-27.2¢V

ey or

] =—21.74x 10719

U= =-13.585eV
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3. Itis a system of three point charges and the potential energy
stored is this system of charges is
-e

1A 1A

+e - +e
1.5A

ye [M+%+%}
dney | Ay K3 n3

U:9X109[ex—e+exe ex—e] 1

X
1 1.5 1 100 m
or U:9><109><(1.6><1O19)2x1010|:—1+%—1:|J

19 ~192

or Ue 9x%x10 ><(1.6><1;0 ) x(—z)ev
1.6x10™ 1.5

or U=-19.2¢eV

with zero potential energy at infinity.

or VP:L[i_LLL]

AmegLr+a r r r-a
22

o V= q |r(r-a) 2(r2 a2)+r(r+a)
4me, r(re-—a%)

o V= q r* —ra=2r* +2a% +1’ +1a
4me, r(r* —a)

2
or Vv 1 qg-2a® 1 p-a

P 4me, r(r2 —az) B 4meg r(rz—az)

r
For —>>orr>>a

1 pa 1
Vo~ — Voo —,
P 4meg r P r
However, electric potential at any point on axis of electric dipole is
1 1 . .
Vz—ﬁ2 or Ve<— and due to point charge is
dmeqy r r
1 q 1
V=—"-—= or Ve
4dmey 1 r

5. (a) Planes parallel to x-y plane or normal to the electric field
in z-direction.

(b) Planes parallel to x-y plane or normal to the electric field in
z-direction, but the planes having different fixed potentials will
become closer with increase in electric field intensity.

(c) Concentric spherical surfaces with their centres at origin.

(d) A time dependent changing shape nearer to grid, and at far
off distances from the grid, it slowly becomes planar and parallel
to the grid.

6. (a) The two point charges form an electric dipole of moment
p = q - 2a directed along + z-axis. Point A(0, 0, 2) lies on the axis
of electric dipole, so electric potential at point A is
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1 —q q qg |-z+a+z+a
VA:4[ " ]: [22}

neglz+a z—a] A4meg Z-—a

! p
VAT dney (72— 2)
Point B (x, y, 0) lies on the equatorial plane of electric dipole, so
electric potential at point B is zero i.e. V=0
(b) Electric potential at any point on the axis of electric dipole at
distance r from its centre is

__ 1 p
4nmey (r° —a’)

or

B(x,y, 0)

+q -q
7'€ 0 >Z
0,0,-3) (0,0,a) A(0,0,2)
when r >>> a, then electric potential becomes

1 p

47'[80 /’2

. 1
so in that case V/ -
p

(c) As both the points C (5, 0, 0) and D (-7, 0, 0) lie on the
perpendicular bisector of electric dipole, so electric potential at
both the points is zero. Hence work done in moving the charge
from Cto Dis
Wep=olVp-Vd =gy %0

or Wep=0

This work done will remain equal to zero even if the path of the
test charge between the same points is changed, as electric field
is conservative field and work done in moving a charge between
the two points in electric field is independent of the path chosen
to move the charge.

Topic 3
goA
1. C,=— =8pF
0= 7, P
KegA  2KegyA
di2 - d 0= £XBXEP
or C=96pF

2. A=6x102m%,d=3mm=3x102m, V=100V
gA  8.85x107'¥x6x107

d 3%1072

=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

Qu=GCV=17.7x 1072 x 100 or Qy=1.77 x 107 C.
3. C=KCy=6x17.7=106.2pF
(@) 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

C0:

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
Q  1.77x107°C

V:———12 or V=167V
C 106.2x107"“F

4. Magnitude of electric field between the plates of charged

_ c
capacitor is E = —
€9

However, magnitude of electric field of one plate on the other plate

of charged capacitor is £, = Zi' So, force on the one plate of
€9

charged capacitor due to the other is

c 1 c 1
F=QE; = Q- —==-xQx— or F=-0QF
Q1 0280 2 O 80 20

The factor % is because the electric field of one plate on the other

1
plate of charged capacitor is 2 of the resultant electric field £

between the plates of charged capacitor.

5. =13, r,=12wm, K=32,Q=25puC

(a) Capacitance of capacitor is

_ Ameqknn _ 1%x32 )(13><1O‘2 x12x1072
A-n  9x10°  (13-12)x107

or C=55x10"°F

(b) Electric potential of inner sphere is
V= Vgg+ Vpy

1 [,e_9]__0 [5n
47'580/( f2 ﬁ 47f£0k ﬁrz

C

9 _ -2
_ X0 5108 [ﬁ]x£=4.5x102\/.
32 13x12] 107
(c) Capacitance of isolated sphere of radius 12 cm is
1 )
Cy=4neyr, = 109><12><10

or Co=13x107""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.

6. V=1x10°V,K=3,C=50x10""2F
Given E = 10% of dielectric strength

or E:ﬂ x 107V m™ =100V m™!
100
As V=Ed,
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3
sod= K = 106 103 m.and C= kegA
10 d
C.d 50x107"%x1073
or A= — =

ke 3x8.85x107"2
o A=19x%x103m?=19m?

7. Llet+ Q bethe charge on outer spherical shell A of radius r,
and + Q be the charge on inner spherical shell B of radius r. Then
electric potential on shell A is

Va=Vaa + Vag=

L b
Ameg | 1
or V,=0

and electric potential on shell B is

L
Ameg | n h

_Q |n-n
Ameg | nh

So, the potential difference between the
two spherical shells A and B is

Vg=Vpa+ Vg =

or Vg=

V=V~ Vg=0- —— Q uor \/:Lu
dney | nh Amey | nh
dmennr
or Q _ Amephh o C = 2012
V n=n h=15

This gives the capacitance of the spherical capacitor.
8. Capacitance of cylindrical capacitor is

Ime,l 2%15%107*

C= b= 1.5
2.303l0gy, 9x109x2.303><log10ﬁ

or C=121x107""F
Electric potential of the inner cylinder is

-6
_L_3:X10 @ 4

= V=289 x 10*V.
C 1.21x107'°F

Topic 4
G 9
1. =12 =
(a) C 3 3pForC 3 pF

(b) Net charge stored in combination of capacitors is

Q=CV=3x10""x 120 =360 pC

So, potential difference across each capacitor is

V)= 2=—360 uS or V,
C‘| 9 pF

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.
Vy=V,=V;=100V

So, charges stored on capacitors are
Q,=C,V;=2x100=200pC

= 40 volts.
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Q,=GV,=3x100=300pC
Q;=GV;5=4x100 =400 pC
3. G, and G arein 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
RIS I IO I £
C C” C; 200 100 200

o G =@pF 66.7 pF

Net charge stored on the combination is
=CV= 220 x107'? x300= 2 x 108 C

As C" and C, are in series, so

Q"=0Q,=Q or Q"=Q,=2x108C
” —8
and hence V" = Q—” = 2X1—01CZ =100V
C” 200x107'“F
-8
and v, = & — Lofz =200V
G4 100x107"“F
C; and C are in parallel, so
Vi=V =V or V;=V =100V
and hence Q; = C,V; = 100 x 1072 x 100 = 1 x 1078 C

andQ'=CV' =100x 1072 x 100=1x 1078 C
G, and Ggare in parallel, so Q,=Q3;=0Q’
o Q,=0Q;=1x1078C

-8
and hence V, = &:% =50V
G 200x107'“F
-8
and V3= 2 & _ X0 gy

G 200x107"%F

4.  Minimum number of capacitors that must be connected in
series in a row are
_ 1000 vV 953

400 V
capacitance of 3 capacitors in series in a row is

1
C’'=—uF

3 u
Minimum number of rows of 3 capacitors each to be connected in
parallel to obtain net capacitance of 2 uF are

_2

2uk_ .

3
So, minimum number of capacitors required are
mxn=6x3=18

Topic 5
1. U=%CV2=%><12><10‘12><502

=15000x 1072 or U=15x10"8J.
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2. C;=600pF V,=200V, C,=600pF V,=0
On connecting charged capacitor to uncharged capacitor, the
common potential V across the capacitors is
o Gh+Gl _ 600x107"% % 200+0
G+G  (600+600)x107"
or V=100V
Energy stored in capacitors before connection is

U,-=%C1\/12+O=%><600><10‘12><2002 or U=12p

and energy stored in capacitors after connection is
Us = %(Q +G V= %(600+600) %1072 x100?

or Us=6ul

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

3. A=90m?=90x10*m? d=2.5mm

=25%x1073m
—12 -3
C:M:&%MO ><93><10 C=32pF
d 2.5x10™
1 1
(a) UZECVZZE % 32 x 10712 x 4002

5
or U=2.56)
1 2 1 SoA
= -CVi=—x— 2
(b) U 5 2>< J x (E.d)
1 ) U 1 )
= —g AE°d or — = —¢g,F
20 Ad 270

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

4, C,=4uFV,=200V,C,=2puf V,=0
So, common potential difference across the two capacitors after
connection is
o GGl _ 4x107% x200+0
G +GC (4+2)x107°
Initially, total energy stored in capacitors before connection is

U= %qvﬁ :%x4 x 1076 x 2007 = 0.08 J

=133.33V

and total energy stored in capacitors after connection is
Us= %(c1+cz)\/2 = %(4+2)><10-6 x 133,332

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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