lleXxigBookeo Ry SIcS)

BY
Er. Lalit Sharma Arun Garg
B.Tech (Electrical) M.Sc. Physics
Ex. Lecturer Govt. Engg. College Bathinda Gold Medalist
Physics Faculty Ranker’s Point, Bathinda Physics Faculty Ranker’s Point, Bathinda
Class:10+2
Unit: |

Topic: Electrostatics

SYLLABUS: UNIT-I

Charges and their conservation. Coulomb’s law-force between two charges, forces between multiple
charges; superposition principle and continuous charge distribution.

Electric field, electric field due to a point charge, electric field lines; electric dipole, electric field to a
dipole; torque on a dipole in a uniform electric field.

Electric flux, statement of Gauss’s theorem and its applications to find field due to infinitely long straight
wire, uniformly charged infinite plane sheet and uniformly charged thin spherical shell (field inside and
outside).

Electric potential, potential difference, electric potential due to a point charged, a dipole and system of
charges; equipotential surfaces, electrical potential energy of a system of two point charges and of
electric dipoles in an electrostatic field.

Conductors and insulators, free charges and bound charges inside a conductor, Dielectrics and electric
polarization, capacitors and capacitance, combination of capacitors in series and in parallel, capacitance
of a parallel plate capacitor with and without dielectric medium between the plates, energy stored in a
capacitor, Van de Graff generator.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted in
© any form or by any means, electronic, mechanical, photocopying, recording, or otherwise without the prior written
permission of the publishers.




Q.No. | Topic/Question Page No.
15. a) What is an electric dipole? 29
b) Define electric dipole moment. Give its direction and S units.
c) What does g; + g, = 0 signifies?
d) What is an ideal dipole?
16. Derive an expression for electric field intensity at any point on axial line of dipole. 31
17. Derive an expression for electric field intensity at any point on 33
a) Equatorial line of dipole
18. a) Derive an expression for electric field intensity at any point on axis of uniformly charged ring. 35
b) When does charged circular ring behave as point charge?
19. Derive an expression for torque acting on an electric dipole in a uniform two dimensional electric field. | 37
20. Derive an expression for potential energy of an electric dipole in a uniform electric field. 39
21. a) Whatis Electric Potential? Units? Dimensions? 41
b) What is Electric Potential? Difference? With example?
22. Plot variation of Electric Field and Electrical Potential due to charge +Q v/s distance r. 43
23. a) Derive an expression for potential at a point due to n charges. 45
b) Find potential at centre of a square having charges +1C, +2C, +4C at its corners. Each side of
square is L.
24. What is relation between E and V. 47
a) For 1-Dimension
b) For 3-Dimension
25. Write expression for electric potential energy due to 49
a) Two charges
b) Three charges
c) Four charges
26. a) Drive an expression for potential due to Electric Dipole? 51
b) Derive an expression for Electric Field due to Electric Dipole?
27. a) What is capacitance? Sl Units? Dimensions? 53
b) What is capacitance of a sphere of radius R?
28. Prove capacitance of parallel plate. (Capacitance is e‘;'A). 55
29. Prove: 57
a) For 2 capacitance in series, 11,1
Cs G G
b) For 2 capacitance in parallel, Cp = C; + C,.
30. Prove energy stored in a capacitor is %.C. V2. 59
31. A dielectric slab is introduced between plates of a capacitance with battery. What is effect on 61
Capacitance C, Voltage V, Charge Q, Energy stored U.
32. A dielectric slab is introduced between plates of a capacitor with battery disconnected. What is effect | 63
on Capacitance C, Voltage V, Charge Q, Energy stored U.
33. Explain Principle, construction and working of VAN DE GRAAFF GENERATOR. 65
34. Write electrostatic properties of conductors? 67
35. Find capacitance of concentric spheres of radius ‘a’ and ‘b’. 69
36. Find capacitance of co-axial cylinders. 71




29

Q15. (a) What is an electric dipole?
(b) Define electric dipole moment. Give its direction and SI
units.
(c) What does q; + q, = 0 signifies?
(d) What is an ideal dipole?

Ans.a) Electric dipole:-
is the system of two equal and opposite charges
separated by some distance.
The distance between the chares is called length of
dipole.

b) Electric dipole moment (5) >

is the product of magnitude of either charge
and distance between them is p = gx2¢ units in c.m. It

is a vector quantity its direction is from — ve to +ve
charge. (conventional)

¢) gi=-q, i.edipole

d) If charges are high and distance between them is as small as
possible it has cylindrical symmetry.

sew
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Qie.

Ans.

Derive an expression for electric field intensity at any point on
axial line of dipole.

Electric field intensity at any point on axial line of dipole axial
line:-

Line which pass through axis of dipole consider an
electric dipole of length '2¢' st. ‘O’ is midpoint of dipole
consider a +ve test charge is placed at pt. ‘P’ at distance ‘r’ from
centre of dipole s.t. op =r

Let E is electric field intensity at ‘p’ due to — g charge at ‘A’

=_ 1 a9 1 q
E, = .
" ame, AP? " dme, (4 1)

PA. Similarly Ez is electric field intensity at ‘P’ due to +q charge

along

—_

at ‘B’ = >
® 4ne, (BPY y
E, = ! 9 s along AP A Q B IS
dneg (r—0) : + .
i P i g
Net Intensity E=E, -E; (-E,>E;) o r g
2 ~Ey 2 >Eq < B

= q 1 1
E-= - along AP
4me, ((r—é)2 (r+!é)2J &

q (se2+€2+2fr—r2—€2+2€rj

4me, (r2_g2)2
= qx4tr > along AP
are,(r = 0?)
Eaxial __ Qgx2ixer e 1 2pr
471280(I’2 —62) 4me, (r2 _gz)z
------------ (1)
along AP

(- p=ax2r)
If dipole is of short length r >> ¢

s.t. r2—r2=r? from (1)

—_—

= 1 2pr
E= IZ along AP
dre, r
= 1 2p - N
E..a =————; along—ve to +ve charge i.e in the direction of
4me, r

dipole moment
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Q17. Derive an expression for electric field intensity at any point on
(a) Equatorial line of dipole

Ans. (a) Electric field intensity at any point on equatorial line of
dipole - Equatorial line 2
E, sin0 is the right angle bisector of length of dipole. Let
‘p’ be any point on equatorial line of dipole AB at distance ‘r
from centre of dipole s.t. OP =r

Let E1 is electric field intensity at pt ‘p’ due to ‘-q" at ‘A’.

E = 1 g __1 g along PA  =-eeeeeeeenen (1)

' 4ne, (AP 4me, (2 +0?)
Ez is electric field intensity at ‘p’ due to ‘q’ at ‘B’

1

£ q
E. = | BP - 2
? 4ne, (2 +¢2) 2°M8 (2)

from (1) and (2) | E, |H E, |5 E, |=|E|

Let |PAB=draw P x || BA st | AP x| AP x| AP x|xPM=6 =7

Resolve E1 &Ez into rectangular compts E; cos® and E, cos 6 along
‘Px’ E; sin® along PO & E,sin® along Py. E;sin® and E,sin® are equal
and opposite hense cancel each other and compts E;cos© and E,cos 6 in
same direction so they will add Hense net intensity at

'0'=E. =2E,cos@ alongPxie. E. =2x 1 9 !
= =28, om0 done Pl Buy =2 e s

{ cos 0= INAAOPJ

V4
Nr2 + 02

( qx2¢( = p) from +ve to — ve charge

= 1 F_j
Eeq - 47580 (r2 +£2)3/2

For short dipole r® + /% =r?

P . . .
— opposite to direction of dipole moment

-
4me, r

€q

Compare Eeq and Eaxil weget E,, = 2Eeq
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Qis.

Ans.a)

b)

a) Derive an expression for electric field intensity at any point
on axis of uniformly charged ring.
b) When does charged circular ring behave as point charge?

Electric field intensity at any point on axis of a uniformly

charged circular ring -
Consider a circular ring of radius ‘r' on the surface of

which charge ‘q’ is distributed uniformly. Let E be electric field
intensity at pt. ‘p’ due to small charge ‘dg’ of small port of ring
IAB'

E = L d—galongPMwhere (a=Vr2+x2)

' 4ne, a

Resolve E1 into two rectangular compts E;cos 6 along PX and
E;sin6 along ‘—PY’.
Now by symmetry of ring there will be electric field intensity Ez

having opt. direction ofE .

From fig. it is clear that all vertical compt will cancel each other
being equal and oppt. and horizontal compts will add up.

So Net intensity at ‘P’ E-= ZE1 c0s0 along PX
by

,1’2 x2

- 1
Hence Ezz dq X X

aze, (P +x°)" 2 1y

In AAOP cos@ =

= 1 X
E:4 - q23/2 along PX
TE (r + X ) Y| E,sin®
_____________ (1) dI
Special case:- T a=vre +x°
. . H AR 1 = N E
(i) Point ‘P’ lies at centre of ring x =0 ) /ﬁg ’
X 8
- p E
SoE=0 M
(ii) Point ‘p’ lines very for away s.t. x >>r VlvElsine
r? +x2 = x2
So E = 1 q—;(i.e. 1.9
4me, x 4me, x2

When pt P is very -2 far away.

E,sin®
E;sin®
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Q19. Derive an expression for torque acting on an electric dipole in
a uniform two dimensional electric field.

Ans.  Torque :- T =rxF.2
=rFsin6.2
=(2/) (QE) sin B
=PEsinB

In the vector form, we can rewrite this eqgn. as

T=PxE
Special cases:-
Case |:- 0=0°
T=pEsin02=0

The dipole is in stable equilibrium.

Case ll:- 0 =180°
T=pEsin1802=0
As such, the dipole will be in an
unstable equilibrium.

Case lll:- 0 =902
T=pEsin 902
=pkE

The torque will be maximum,
when 8 = 902 Max. value of torque p E.

E“, Elelctric Field
e

f, Torque is into the plane of the paper
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Q20. Derive an expression for potential energy of an electric dipole 5
in a uniform electric field.

Ans.  Work & Potential Energy +
Work=[td®© +
=[PEsin6d O +
= - [PE cos 6] % +
W =PE(1-Cos 0)
+
= PE (1-cos 6) — PE (1-cos 90) de
+ (%
=-P.E.cos© —
- +
U =-P.E
+ O
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Q21. a) What is Electric Potential? Units? Dimensions?
b) What is Electric Potential difference? Example?

Ans.a) Electric Potential:-
A unit +ve test charge is place at point P at
distance r from +Q charge. Charge Q is large and at rest.
Charge at P will move from P to o due to force of

repulsion.

“Work done by the unit test charge as it moves from P
to oo, is called potential at point P”.

OR
“Work to be done on the charge by external agent to
move unit test charge from oo to point P”.

Example:- If 100 Joule of work is done by unit test charge,
potential is 100]/C i.e. 100 volt.
Units:- ]/Coulomb i.e. volt.

. . Work ML2T™?
Dimensions:- [V] = =
- Charge AT

= ML I’T3. 471
b) Potential Difference:-
Potential difference between two point P and R
is defined as amount of work which a unit +ve test
charge will do as it moves from point P to R.

i.e. AV

Ve - Vg Vp is potential at P
Vg is potential at R

Example:- AV Vp - Vg AV is potential difference

= (150 volt) — (100 volt)

AV = 50 volt

Potential difference between two points does not
depend on path followed because electric field is
conservative field.

Path 1
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Q22.

Ans.

Plot variation of Electric Field and Electric Potential due to

charge +Q v/s distance r.

Electric Field v/s r:-

As per Coulomb’s Law

F - &

T ame, T 12

Fon charge +1C s called E.

E SPL
4TTE.T
1

E a ﬁ

Electric Potential:-

Potential at a point P is amount of work done in
taking a unit +ve test charge from that point to oo, small
work done in moving charge from P to R.

dw =F.dr

Work done w is for unit +ve test charge and is

called electric potential.

Vv __Q

- 4TTE.T

( Force )
Charge.

( Force )
Charge.

(Ptential)
work
charge

v

r——>

--'JU-.

v

r——>
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Q23. a) Derive an expression for potential at a point due to n
charges.
b) Find potential at centre of a square having charges +1C, +2C,
+3C, +4C at its corners. Each side of square is L.
Ans.a) Potential due to n charges:- @
Potential due to charge Q, is
v =2 -
4mey.r .
. _ Q1 |
Potential dueto Q4,V; = o :
Potential dueto Q,, V, = %
ATIE .1y
- _ __On
Potential dueto Q,, V,, = pr—
Total potential at P, Vp» = Potential due to @,
+ Potential due to Q,
+ Potential due to Q,,
Vp =V + Vy - V.
& Q Qn
ATIE).Ty 4ATEY.T, 4TTE .1y
(e e ______ ﬁ) L
VP - (r1 + P ™ X 4ATTE
Total potential is simple algebraic sum because
potential is scalar quantity.
b) Total Potential at O, V:-

_ Qa

QB

Qc

Qp

- ATIE.T

1
4TEQ.T

1

4TTE.T

4TTE.T

ATIE.T

Q4+ Qg+ Qc + Qpl

= 1+ 2+ 3+ 4]

- ATEY.T

v _ 10

- ATIE.T

10

) 47160.(1/\/7)

10vV2

- 4TEy . 1




Q24. What s relation between E and V.
a) For 1-Dimension
b) For 3-Dimension

Ans.a) 1-Dimension:-

E
—
Vo =v+AV (N P__R .
1% =V [e—r—>
n =
l————r+dr———»

AW
AV - AV A

+1C T

.
i . slope = = is(-ve)
= (—) dr |4 slope is -ve

+1C

AV = E.dr >
r——>

= -dv . dv .
E =— .7 |because Zis-ve.

dar dr
= —-dv .

For x-axis, E =t

b) Vis function of x, y, z:-

Tyl
I
|
QU
QU
7ls
>
N——"
+
|
QU
a
Sk
<
N——
|
:~|Q
&
N——

= —-dv . —-dv . —-dv o
Eoo=gp ik
= A d A d ~ d

E —-[l.a{'}.aﬁ'k.a]v
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Q25. Write expression for electric potential energy due to
a) Two charges
b) Three charges
c) Four charges

Ans.a) Two charges:- a1 qs
Vat2duetol =—2— @ Sttt O
4TEY.T12 s
Electric potential energy, U;, = (V) q; 4 p
__11492 O """""""" O
Uiz = 4TE€g.T12 —7T1;——>»

b) Three charges:-
Total energy potential energy (U) = U+ Uyz+ Uszq

q1-92 + q2-923 q3-91
ATIE.T1o ATE.To3 4TTE.T31

1 [41-42 + q2.923 + CI3-CI1]

4mey T12 723 T31

c) Four charges:-
Total energy potential energy (U) =7?

S U=Ujpt Upgt Uzt Upgt Ugyt Usy

41492 + 42443 + 41492 + q1-94 + q2-94 + q3-44
47TEo.T12 47TEo.T23 477.'60.7"13 47TEo.T14 47TEo.T24 4‘7'[60.7'34

T3, -7 T2
1 : : : q1-9 d2.9 ds.q
U= ) [41 qz + q2.93 + 9192 4 4 | 9244 3 4] l . R l
n€o L 112 T23 T13 T14 T24 rsa 1 | Vg)--—---------
D T12 "

® Maximum number of diagonals =n., - n
As above =4, -4=6-4=2
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Q26.

a) Derive an expression for potential due to Electric Dipole?

b) Derive an expression for Electric Field due to Electric

Dipole?

Ans.a) Electric Potential:-

__*a -q
ATTE. T, ATIE .1y
-9 (i _ 1)
T 4me (T o)
= e (eows) (7o)
" 4me \~lcos0 r+l cosf
=L (ﬂ) =T — l cos@
4me \r2-12cos20
r,=1 — 1l cosO
_(@)(2D)cosb
Vp T 4mer? (r>1)
Vp _ Pcost (where p=q.2 1)
4TE. T2
—dv
b) E == A
r
E =-VV ! G
| e 9
[ (dv\ . dv \ A 7
(@ () 9
| \dr r.dé ! e
_ 3 1 9 //
—2p cosO\ . —p sinf\ A ,
= |Goers) 7+ (e 9] 2
L\ 4TTE€Q.T ATTEy.T i
= _ [(2p cos@) N (psin@ ) ,,] I
E - _(4n€0.r3 F+ 4mE€.T3 0 @
1
cosf '
v =22
ATTE.T
= 2p 0059) N (psine ) A~
cos6 =
v = Zne.rz E (47‘[60.1”3 T 4mey.r3 0

Case I:- Find V and E on equatorial line, 8=90

Vp

=3

Ep

Case ll:-Find V and E on axial line, 6=0

Vo

=3

Eq

_pcos90°
4me.r?

p ~

T amer3”

_ P
4TE.T2

2p N

T amer3”

T
Axial line IQ axial line

r Equatorial line

90°°P
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Q27. a)What is capacitance? Sl Units? Dimensions?
b) What is capacitance of a sphere of radius R?

Ans.a) Capacitance:-
Voltage V across a capacitor can create charge

Q on plates.
If voltage across plates increase charge Q also
increases.
i.e Q aV
Q =CV C- constant of proportionality
C = Q/V

Sl Unit:- 1 farad [i.e. lﬂ]
volt
Dimensions:- C = % = % = [M~1.L72.T* A?]
AT

b) Capacitance of sphere:-

Charge Qis placed on a metal

Sphere of radius R

Voltage on surface, V= <
4TEG.R
g = 47m.€4.R
v
C = 477,' Eo. R
Example:-
Capacitance of Earth
C = 4'7T. EO' R

4. €, (6400 Km)

714uF

Cearth
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Q28.

Ans.

: .. €A
Prove capacitance of parallel plate. Capacitor is E"T.

Apply voltage V,, across two metal plates A and B. +ve charge Q
appears on A and —ve charge —Q on B.

< IQ

We are to find C==| o @

Electric lines start from A and end up at B.

Number of lines/area remain same between two plates.

No.of li
So, E - Noof lines (Constant here)
Area
E - Q/EO
A
£ _ o
€9.A
v | e _—aw
dx - €p.4 [AS E= dx ]
oo Q
a - €9.4
d
Av = Q 607
Q L
Av T d @

From (D) and (2)

A
. C=€g.E,..—
€04 | Also 0-=r g

€,~>Relative permittivity of
material between plates

Capacitance, C=

I
|
|I
A B
+—>—
+—>—
+—>—
+—>—
+—>
+— d —»
\ |
E |
: T_ Q
! f_EO.A
x —» g
\ |
Vo
|zero potential
<+— d—>»
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Q29.
a)
b)

Ans.a)

b) Total charges supplied by the battery Q is divided on two paths.

Prove:

. . . 1 1
For 2 capacitors in series, — = —+ —
s €1 C

For 2 capacitors in parallel, Cp = C; + C5.

As two capacitors are in series, current flows for same time at
time of switching.

Q =1/.t

I 'and t are same for two capacitors in series.

So, Q is same

% =V +V, (As per Kirchoff’s Voltage Law)
= 9 =2.,9

Cs €1 G

1 101 . . .
= = =—+— | for two capacitors in series.

Cs €, Gy

Q4 flows to C; and @, to C, <>
+ -
Q =0Q1+0;
Q
va = C1V + CzV ’_’
Cb = Cl + CZ
for two capacitors in parallel. ZQ;
2

c c,
|Q| |Q|
+ = + -
«»> >
¥
||
%
N
. L
«>
[
L
14
0 Q
+‘c;
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Q30. Prove energy stored in a capacitor is % C.V2

Ans.  Avariable voltage source is connected across a capacitor as

shown in fig.

A voltage causes a charge q on plates.

Voltage is increased by dv. Extra charge dq flows to capacitor.

Battery does some work in pushing this charge dq on plates.

work
dw = v.dq [v - Charge]
w = [v.dq
- ra -4
—fc.dq (Asc—)
a?|q9=Q
2.C q=0
A
w T 2c @
OR
w =ﬂ=l.c_vz
2.c 2
w ==.CV: | - @
=19 p2_1
v =2y ViV
1
1.e C =EQ v -——-—- @

dq

q__i

q+dq

/||v+dv

Q->final charge

3

1

< Q

|
I
V - final voltage
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Q31. A dielectric slab is introduced between plates of a capacitance
with battery. What is effect on Capacitance C, Voltage V,

Charge Q, Energy stored U.

Ans. C without dielectric
e +
14
EV
Charge,Q
a) Capacitance, C:- Voltage, V
A A i
As C =€ €= =€5. 1. Capacitance, ¢
d d Energy, U
A
4 = -_
C = €. €. 2
= €. (Er-A/d)
C' = €,.C

Capacitance becomes €,. times after inserting the slab.

b) Voltage, V:-

C with dielectric

As battery is connected in both cases, so voltage, V

remains same.

4 = IV | No change in voltage across capacitor.
c) Charge, Q:--
_Q -
C =3 = Q=C.V
QI = Cl . VI
= (ET"C)(V)
= €,.(C.V)
Q' = €,.q | Charge becomes €, times
d) Energy, U:-
Energy, U = % C.V?
! 1 ! "2
1
=3 (€,.0). (V)?
’ _ 1 2
v =e.(5.cv2)
=

U'=¢€,.U Energy becomes €,. times

Charge, Q'
Voltage, V'
Capacitance, C'
Energy, U’
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Q32. A dielectric slab is introduced between plates of a capacitor
with battery disconnected. What is effect on Capacitance C,
Voltage V, Charge Q, Energy stored U.

Ans. C without dielectric C with dielectric
o—— o——
+ +
V T - —
o—— o——
Charge, Q Charge, Q'
Voltage, V Voltage, V'
Capacitance, C Capacitance, C'
Energy, U Energy, U’

a) Capacitance, C:-

A
C = €. P
c’ = €. & A/d = | C'=¢€.C Capacitance becomes €,. times.
b) Voltage, V:-
!
¢ =% and ¢ =2
% %
/ _ 9 -9
%4 = and V = c
o ¥ gE-@)©)-w()-2
° v Q/c o/\c') ~ (1) €C) &
v’ 1 ’ 4 1,.
— == = V' = < Voltage becomes — times.
4 €, r €,
c) Charge, Q:-
As circuit is open, charge cannot flow in the loop.
Q' =Q Charge on plates remains same.
d) Energy, U:-
Energy, U = % C.V?
U’ ==.C".(V)?
’ 1 12 ’ N2 2
v 2 ey (v L (el ()P i L
U - %.C.VZ - (C)(V) - ( c )(er) T e,
U’ 1 1 ..
— =— | Energy becomes — times.
U € Er
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Q33. Explain Principle, construction and working of VAN DE GRAAFF
GENERATOR.

Ans.a) Principle:-
Charge Q is placed on outer sphere of radius R.

Charge g is place on inner sphere of radius r.
Q + 4

Potential at A, V, 4TEQ.R  4TMEyT
0- 0-

Q + 4
47TEO.R 47TEoR

Potential at B, Vp

Potential difference, | V,-Vp = , qe (l - %)
TEy \T

Potential difference does not depend on Q.

If g is +ve, V4, > Vg. If now A and B are
connected, charge will flow from A to B for all values of
gorQ.

b) Construction:-
Py, P, - Pulleys (to rotate the belt)
B;  -»Brush used to spay charge on belt

B,  —Brush used to collect charge from belt

c¢) Working:-

Brush B; sprays +ve charge on the rotating belt.
This charge is carried to brush B, transfers this charge
to sphere. Charge on sphere keeps on increasing till it
creates electric field of the order of 30 *v/,, near
surface of sphere. For sphere size of the order of few
meters, voltage of order of 60Lac volt is created using
above arrangement.

[
»
(0]

Such high voltage are further used to accelerate
charged particles.

Rubber
Belt ~

Insultaed
Stand A
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Q34. Write electrostatic properties of conductors?

Ans.1. Inside a conductor, electrostatic field is ZERO:-

All charges reside on the surface of a conductor.
If E is not zero inside the conductor, E will exert a force
on charge and move it to surface.

5
2. E is normal to surface:-
—_ 5
Let us assume E is not normal to surface.

Er = E.cos0 is tangential component so, E will
exert a force on charge and will move g along surface.

As charge is at rest,

So, Er =0
= E.cosf =0
> cos6@ =0
= 6 ="/,

3. Electrostatic potential is constant inside a conductor:-

Electrostatic potential is constant throughout
the object and its value is same as that on the surface.

Ein =0

Q

and Vin = Vsurface = 4mey R

4. Electrostatic shielding:-

Electric lines from <charge Q disturb
electrical/electronic instrument /

Electrical/electronic instrument /is surrounded
by metallic enclosure M.

Electric lines get bye-passed from metallic
enclosure M without disturbing the instrument /.

This effect of placing metallic enclosure
surrounding an instrument is called SH/ELDING.

+ [90°

'
Gl
i’\ --PE;=E.cos8




Q35. Find capacitance of concentric spheres of radius ‘a’ and ‘b’.

charge
Ans. C - Sarge

voltage

Step 1:-
Connect voltage V across two concentric

spheres with inner radius ‘a’ and outer radius ‘b’ as

shown in fig.
Step 2:-
FindEfora<r<b
E _ no.of lines
area
_ Q/Eo
T 4mr?
Eo= 2
4TEQ.T
Step 3:-
Pot. Difference between two spheres, AV
AV = fE. dr [Area under E-r graph]
= [ ar
4ATTE.T
=2 [r24r
4‘77.'60
__Q |zi|r=b
- ameEg l T lr =@
- @ (1_1
- 4neo(a b)
_ @ (b=a
Av - 4TE ( ab )
Step 4:-
Q ab_
av = 41 €. €, (b—a)
- e - ab
C = o = 41 €. €, (b_a)
_ Product of radii
Cspnere =41 €. & ( Diff.of radii )

m—

v

r—p

Shaded Area gives
potential  difference
between two spheres
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Q36. Find capacitance of co-axial cylinders.

Ans. Step 1:-

Apply voltage across the two cylinders, each of

length ‘L’ under consideration.

Step 2:-

Find Electric Field

FindfforaSer

2nr.L

Step 3:-

Find Potential difference, AV

_ Area under E-r graph
AV B fE.dT' Gives potential difference
_ A
- 2WEy.T
A
= .dr
2mey Y T
= 2 llog..r|" =7
2m€g " r=a
AV = 2 log, (%)
- 27TEO ' ge a
Step 4:-
Q/L ,
AV = e loge (%)
Q _ 2m&lL
AV loge (b/a)
2m€Ey.L
C = —
loge (b/a)
£ _ 2TEq
L loge (b/a)
|-> Capacitance per unit length

m—p
1l

r—»

Shaded Area gives
potential  difference
between two cylinders

v



