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Electrostatics

o

8.1 Introduction

8.2  Application of Gauss’ law

8.3  Electric Potential and Potential Energy

8.4 Electric Potential due to a Point Charge, a
Dipole and a System of Charges

8.5 Equipotential Surfaces

8.6 Electrostatic Potential Energy of Two
Point Charges and of a Dipole in an
Electrostatic Field

8.7 Conductors and Insulators, Free Charges

and Bound Charges Inside a Conductor

. Contents and Concepts o

8.8 Dielectrics and Electric Polarisation

8.9 Capacitors and Capacitance, Combination
of Capacitors in Series and Parallel

8.10 Capacitance of a Parallel Plate Capacitor
Without and With Dielectric Medium
Between the Plates

8.11 Displacement Current

8.12 Energy Stored in a Capacitor

8.13 Van de Graaff Generator

_/

( 8.1 Introduction J

Q.1.

Ans:

Can you recall? (Textbook page no. 186)

What is Gauss’ law and what is a Gaussian
surface? [3 Marks]

Gauss’ law: The flux of the net electric field
through a closed surface equals the net charge
enclosed by the surface divided by .

J'E.d}:i
80

where q is the total charge within the surface.
Mathematically,

roa_4
o= (j}E ds= >
where ¢ is the total flux coming out of a closed
surface and q is the total charge inside the
closed surface.
Gaussian surface: All the lines of force
originating from a point charge penetrate an
imaginary three dimensional surface. The total
flux ¢g = g/ep. The same number of lines of
force will cross the surface of any shape. The
total flux through both the surfaces is the same.

Calculating flux involves calculatingJ.E-(I;,

hence it is convenient to consider a regular
surface  surrounding the given charge
distribution. A surface enclosing the given
charge distribution and symmetric about it is a
Gaussian surface. For example, if we have a

Ans:

point charge the Gaussian surface will be a
sphere. If the charge distribution is linear, the
Gaussian surface would be a cylinder with the
charges distributed along its axis. Gaussian
surface offers convenience of calculating the

integralj.ljj-cfs. A Gaussian surface is purely

imaginary and does not exist physically.

. Two charges of magnitudes —4Q and +2Q are

located at points (2a, 0) and (5a, 0)
respectively. What is the electric flux due to
these charges through a sphere of radius 4a
with its centre at the origin?

[2 Marks]

-4Q +2Q
o X TTX
4a
Given: d(OX,)=2a
d(on) =5a
Radius, r=4a

A Gaussian surface is of radius 4a and contains
charge —4Q inside.

As the flux depends only upon charge enclosed
by Gaussian surface, required flux according to
Gauss’ law would be,

o= 1= —4Q

€y €y
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Q.3.

Ans:

ii.
iii.

iv.

Q..

Ans:

ii.

1il.

Write common steps involved in calculating
electric field intensity by using Gauss’ theorem.
[2 Marks]
Common steps involved in calculating electric
field intensity by using Gauss’ theorem:
Identify  the  charge  distribution  as
linear/cylindrical/spherical charge density.
Visualize a Gaussian surface justifying its
symmetry for the given charge distribution.
Obtain the flux by Gauss’ law and mark as
equation (1).
With the electric field intensity E as unknown,
obtain electric flux by calculation, using
geometry of the structure and symmetry of the
Gaussian surface and mark as equation (2).
Equating equation (1) and equation (2), electric
field intensity E can be calculated.

State importance of Gauss’ law.  [2 Marks]

Gauss’ law gives the relationship between the
electric charge and its electric field.

It also provides equivalent methods for finding
electric field intensity by relating values of the
field at a closed surface and the total charges
enclosed by that surface.

It is a powerful tool which can be applied for the
calculation of the electric field when it originates
from charge distribution of sufficient symmetry.

ESolved Examples J —————————— ®

Q.5.

A plane area of 100 cm’ is placed in uniform
electric field of 100 N/C such that the angle
between area vector and electric field is 60°.
Determine the electric flux over the surface.

[2 Marks]

Solution:
Given: ds=100cm’=100x 10" m*=10"m?,

E =100 N/C, 6 = 60°
To find: Electric flux (¢)
Formula: ¢ =Eds cos 6
Calculation: From formula,

¢ =100 x 107 x cos 60°

1
o=1x -
¢ = 0.5 Nm*/C

Ans:

The electric flux over the surface is 0.5 Nm?/C.

(8.2 Application of Gauss’ lavd

Q.6.

Ans:

1.

Obtain expression for electric field intensity
due to uniformly charged spherical shell or
hollow sphere. [4 Marks]

Consider a sphere of radius R with its centre at
O, charged to a uniform surface charge density o
placed in a dielectric medium of permittivity
e (¢ = gk). The total charge on the sphere,
q=ox 47R%.

ii.

iil.

iv.

V1.

Vii.

To find the electric field intensity at a point P, at
a distance r from the centre of the charged
sphere, imagine a concentric Gaussian sphere of
radius r passing through P as shown in the
figure below. Let ds be a small area around the
point P on the Gaussian surface.

Gaussian Surface

Uniformly charged spherical shell or
hollow sphere

By Gauss’ theorem, the net flux through a
closed Gaussian surface,

o= i(for air/vacuum k = 1) ...()
€

0

where q is the total charge inside the closed surface.
Due to symmetry and spheres being
concentric, the electric field at each point on
the Gaussian surface has the same magnitude
E and it is directed radially outward. Also, the
angle between the direction of E and the
normal to the surface of the sphere (ds) is zero
i.e,cos =1

Ijjc?s =EdscosO=Eds

Flux d¢ through the area ds, dp = E ds
Total electric flux through the Gaussian surface

0= CﬁE~(¥S:¢Eds:E<}Sds

o =E 4nr’ (2)
From equations (1) and (2),
4 = E 4
80
_q
E poe ....(3)

Substituting q = ¢ x 47R? in equation (3),

4nR?
E= ox — >
4me r
RZ
E= 25
e I

From equation (3) it can be seen that, the
electric field at a point outside the shell is the
same as that due to a point charge.

Direction of electric field is outward if shell or
sphere is positively charged and inward if it is
negatively charged.

Thus, it can be concluded that a uniformly charged
sphere is equivalent to a point charge at its centre.
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Vviii.

Special cases:
Case (a): If point P lies on the surface of the
charged sphere, r =R
-_9 _o©°
4 R* g,
Case (b): If point P lies inside the sphere
Since there are no charges inside, c = 0

E=0

Reading between the lines |5\l - ———~
/ t =\
ES

e Points (i) to (v) of the above answer are
presented as per sequence of common steps
described in Q.3.

o [f charged object is placed in any medium
other than air or vacuum, & in expression
will change to kgy where, k is dielectric
constant of that medium.

Obtain an expression for electric field
intensity due to an infinitely long straight
charged wire or charged conducting cylinder.

[4 Marks]

OR

Derive an expression for electric field
intensity due to an infinitely long straight
charged wire. [2 Marks] [July 23]

Ans:

ii.

iil.

1v.

Consider a uniformly charged wire of infinite
length having a constant linear charge density A
(charge per unit length), kept in a medium of
permittivity (e = gok).

To find the electric field intensity at P, at a
distance r from the charged wire, imagine a
coaxial Gaussian cylinder of length / and radius
r (closed at each end by plane caps normal to the
axis) passing through the point P as shown in
the figure. Consider a very small area ds at the
point P on the Gaussian surface.

+ Yds
4+ Gaussian Surface
_|_
Infinitely long straight charged wire
(cylinder)
By Gauss’ theorem, the net flux through a
closed surface,

(D)

o= 4 (for air/vacuum k = 1)
80

where q is the total charge inside the closed surface.

By symmetry, the magnitude of the electric field
will be the same at all the points on the curved
surface of the cylinder and will be directed radially

outward. The angle between the direction of E

Reading between the lines ?@' ————-
/ l 2
S

and the normal to the curved surface of the
cylinder (gs) is zero. Similarly the angle is (7/2)
for the flat surface of the cylinder.

i.e., cosO =1 (for curved surface)
or cos 0 = 0 (for flat surface)

E-ds = Eds cosd =0 ....(For flat surface)

E-ds = Eds cos0 = Eds ....(For curved surface)
Flux d¢ through the area ds, dp = Eds

Total electric flux through the Gaussian surface
o= CﬁEd? :(j)Eds = E(j)ds

¢ =E x 2nr/ ...(2)

From equations (1) and (2)

4 — g xomr

8()

Since?»=%,q=kl

Al
—=E2mr/
80
_ A
2me,r

The direction of the electric field E is directed
outward if A is positive and inward if A is
negative.

All points of the above answer are presented as
per sequence of common steps described in Q.3.
If charged object is placed in any medium |
other than air or vacuum, & in expression |
will change to kgy where k is dielectric |
constant of that medium. I

\
|
|
|
|
|

—_—_——— - e —_—

Assuming expression for electric field
intensity at a point due to infinitely long
straight charged wire or charged conducting
cylinder, obtain expression for electric field
intensity if point lies (i) outside the surface
(ii) on the surface and (iii) inside the surface
of wire or cylinder. [3 Marks]

! iglarged cylinder (1)
+ =+

..................

If o is surface charge density (charge per unit
area) of wire/cylinder,
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ii.

1.

iv.

V.

+++++

S_chematic diagram of Van de

Graff generator
P, P, = Pulleys

BB = Conveyer belt

= Spray brush

= Collector brush

= Dome shaped hollow conductor
= Evacuated accelerating tube

= Jon source

= DC power supply

= Steel vessel filled with nitrogen
M = Earthed metal plate

There are two pulleys P; and P,. P, is mounted
at the centre of sphere D while P, is mounted
near the bottom. A long narrow belt made of
insulating material such as rubber or silk passes
over the pulleys. The belt BB is driven by an
electric motor (not shown in the diagram),
connected to the lower pulley P;.

The spray brush A, consisting of a large number
of pointed wires, is connected to the positive
terminal of a high voltage DC power supply.
From this brush positive charge can be sprayed
on the belt which can be collected by another
similar brush C connected to D.

E is an evacuated accelerating tube having an
electrode I at its upper end, connected to the
dome-shaped conductor.

To prevent the leakage of charge from the dome,
the pulley and belt arrangement, the dome and a
part of the evacuated tube are enclosed inside a
large steel vessel S, filled with nitrogen at high
pressure. A small quantity of Freon gas is mixed
with nitrogen to ensure better insulation between
the vessel S and its contents.

A metal plate M held opposite to the brush A on
the other side of the belt is connected to the
vessel S, which is earthed.

Working:

The electric motor connected to the pulley P, is
switched on, to set the conveyor belt into
motion. The DC supply is then switched on.

wu—mga»>

ii.

iil.

iv.

Vi.

Vii.

From the pointed ends of the spray brush A, positive
charge is continuously sprayed on the belt B.

The belt carries this charge in the upward
direction, which is collected by the collector brush
C and sent to the dome shaped conductor.

As the dome is hollow, the charge is
distributed over the outer surface of the dome.
Its potential rises to a very high value due to
the continuous accumulation of charges on it.
The potential of the electrode I also rises to
this high value.

The positive ions such as protons or deuterons
from a small vessel (not shown in the figure)
containing ionised hydrogen or deuterium are
then introduced in the upper part of the
evacuated accelerator tube.

These ions, repelled by the electrode I, are
accelerated in the downward direction due to the
very high fall of potential along the tube, these
ions acquire very high energy.

These high energy charged particles are then
directed so as to strike a desired target.

Students can scan the adjacent Q. R. Code

in Quill - The Padhai App to get
conceptual clarity about construction T
and working of Van de Graaff feje

generator with the aid of a linked video.

Q.103.State uses of Van de Graaff generator.

Ans:

ii.
iii.
iv.

[2 Marks]
Uses: The main use of Van de Graff generator is
to produce very high energy charged particles
having energies of the order of 10 MeV. Such
high energy particles are used
to carry out the disintegration of nuclei of
different elements,
to produce radioactive isotopes,
to study the nuclear structure,
to study different types of nuclear reactions,
accelerating electrons to sterilize food and to
process materials.

33
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Gauss’ theorem

ii.

iii.

iv.

- -

PE ds=¢=—1
8O
Electric field due to a:
Circular closed cylinder:
E = A2meor
. c
Infinite plane sheet: E = —
2g,

Infinite plane sheet having

uniform thickness: E = S
0
Spherical shell (for r > R):
q
dnr’e,
Spherical shell (forr <R): E=0

E=

Electrostatics

The study

A

charges at rest

electricity/electric

of

Charge
gives rise to

» Van de Graaff generator

|

|

Electric field

Electrostatic

force

Electric
potential

!

Electric

potential
energy

!

!

!

!

'

Electric potential at any

point due to -electric

dipole:

V= 1 pcos6
4ng, (r2 —a’ cos’ 6)

Electric Potential Relation  between| | Electrostatic Electric
potential: difference: electric field| | potential due potential due to
V= w AV =Vg—V, | |intensity and| | toapoint system of
B o AV = Wi pontential difference: charge: charges:
% p=-& - la - L sa
dx 4me, T 4me,i-1t,
Dielectrics

e Polar dielectrics: It

electric dipole moment even if the

electric field is absent.

Example: HCI, water, alcohol, NH;

has permanent

Ty %Y
QE Ng)

e Non polar dielectrics:

Every molecule

has zero dipole moment in its normal o

state.

Examples: H,, N,, O,, CO,, benzene,

methane

Oq

©
© O

Electric potential energy
of a point charge:

1

- %%

- 4me k

r

Electric potential energy
of a system of two point

charges:

U=

_ 9%

4me,t;,

Electric potential energy
of an electric dipole in
uniform electric field:

U=-p-E

=—pEcos O

34
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Capacitors
I
v ¥ ¥ ¥
Capacitance: e Types of capacitor: Combinations Energy stored
The ability of i.  Parallel plate capacitor: . Capacitors in serics: _
a conductor W C= ke, A : I(’: . : . e  Energy: 2
to store ) d N N N U= lglevzlcvz
charge. b. Cp,=kCy ' 0'=q [0 2C 2 2
- Q
C= v + + + + + + + — V|V, —V;—
== - - - - ||o 10
J—_ ) Vv >
= | I (o)
ii. Spherical capacitor: +1- 1 K)
b =
C = 4nkey| = —
ke[ 2| T
CS Cl CZ C3

ii.

iii. Cylindrical capacitor:
C= 2mke,/

2.303log(hj
a

T &3

———

QA

Capacitors in parallel:

+

(s

+

e

& -Q
o\
o,

C

’_/ VQ

|
3

J’_

Cp:C1+C2+C3

Q
Q3 _QS
L

(o)
— \*)

\% K =

L

J’_

J’_

J’_

L
/\\_K N

S~

N
J’_
J’_
I+
J’_
L

I

Important Formulae —

iii.

Charge per unit length (Linear charge
density): A = %

Charge per unit surface area (Surface charge
: -4
density): c = —
Y) 1
Electric flux:
¢ = E-ds =Es cos 0 il. (|)=i
80
-4
¢ ke,
Dielectric constant of a medim: k = —
80
Electric intensity: E = ! %
4mke, T

Electric intensity at a point outside a charged
spherical conductor:

q oR?

dnker’ ke’

Emedium -

....r>R)

il.

iil.

ii.

iil.

ii.

oR’
Evacuum = k! 7= 3 .. ..(I‘ > R)
ey’ gr
where, 6 = d >
4R
Einsidze = 0 ... (r<R)

Electric intensity at a point outside a charged
cylindrical conductor:
Cylinder in any medium,

A A oR

E=—=——= ...(r>R)
2ner  2mnkegyr ke

Cylinder in free space or vacuum,

Lo L2 >R

2ngyr  4mg, r
Einsidze = 0 ....(r<R)
Electric intensity at short distance from a
charged conductor of any shape:
E= O
ke,
Conductor in free space or air or vacuum,
Eo= —=KE

0

35
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9.

10.

11.

iii.

12.

13.

14.

15.

il.

1.

iv.

16.

17.

18.

1.
ii.

iii.

19.

1.
ii.

iil.

Electric intensity at a point outside a uniformly

charged infinite plane sheet: E = 2£
€

Work done:

W=qV il. W=q(Vs—Va)
Torque on a dipole:

Z=g><}jj il. t=pEsin 6

For 6 =90° tpx=pE iv. For0=0, 1y, =0
Work done by the external torque on dipole:

0 0
W= J.‘cw(e)de = jpEsinGde = pE[cos6, — cos0]
0o 0o

Potential energy of electric dipole in external
electric field:
U(0) — U(By) = pE(cosBy — cosO)

Q

Capacity of condenser: C= v

Parallel plate condenser:
Intensity between the plates,

_o_Q o _Q

© Ac kg, Akg,

Potential difference between the plates,
V=Ed

Capacity between the plates,

C= Ae_ k Co
d
. _ Ag,

Capacity of vacuum, Cy = 1
Capacitance of capacitor with dielectric:

E
Cy=Co =2

Ed

where, Cy is original capacitance
Ey is original electric field
Eq is electric field with dielectric
Energy stored in a charged capacitor:
1 Q1 a1
=— —=-CV'=-QV
2 C 2 2
Series combination of ‘n’ condensers:
V:V1+V2+V3 ...... +Vn

Q=Q=Q=Q3=...... =Qn
1 1 1 1 1
b —
cc ¢ c C.

Parallel combination of ‘n’ condensers:
Q=Q+Qx+ ...+ Qy
V:V1:V2:V3: .....:Vn
C=C;+Cy+Cz+...... +C,

m

8.1 Introduction
1. Give importance of Gauss’ law. [2 Marks]
Ans: Refer Q.4.

2. A point charge of 10 pC is situated at the centre
of a sphere of radius 10 cm. Calculate the
electric flux through its surface. [2 Marks]

Ans: 1.13 x 10° Nm*/C

3. The electric intensity on the surface of a charged
conductor of area 0.5 m’ is 200 V/m. If the
electric flux is found to be 86.6 Nm*/C, find the
angle between the normal drawn to the surface
and the electric intensity. [2 Marks]

Ans: 30°

8.2  Application of Gauss’ law

4. Derive an expression for electric field intensity
due to uniformly charged spherical shell or
hollow sphere. [4 Marks]

Ans: Refer Q.6.

S. State the formula for electric field intensity at a
point outside an infinitely long charged
cylindrical conductor.  [1 Mark] [July 18, 22]

Ans: Formula for electric field intensity at a
point outside an infinitely long charged
cylindrical conductor is, E =

2nke,r

6. Obtain an expression for electric field intensity
at a point outside uniformly charged thin plane
sheet. [4 Marks] [July 17]

Ans: Refer Q.9.

7. A metal sphere of radius 10 cm is situated in air
and carries a charge of 44 uC. Calculate intensity
of electric field at a point close to its surface.

[2 Marks]

Ans: 3.96 x 10" N/C

8. A plane metal sheet of area 400 cm” is given a
charge of 5 x 10~ C on its surface. Calculate the
surface charge density on its surface. [2 Marks]|

Ans: 1.25x 107 C/m’

9. A 2 km long cylindrical cable of radius 1 mm is
given a charge of 10 millicoulomb. Find the
electric intensity at a point on the surface of the
cable. [2 Marks]

Ans: 9 x 10" N/C

10. A metal cylinder of length 2 km is charged with
2 x 107 C. Calculate the linear charge density
of the cylinder. [2 Marks]

Ans: 10 uC/m

11. A metal sphere of radius 1 metre is given a
charge of 223 pC. Calculate the surface charge
density and intensity of electric field at a point
near its surface. [3 Marks]

Ans: 17.7x 107° C/m?, 2 x 10° N/C

8.3  Electric Potential and Potential Energy

12.  Obtain an expression for electrostatic potential
energy. [4 Marks]

Ans: Refer Q.15.

36



N

Page no. 37 to 38 are purposely left blank.

To see complete chapter buy Target Notes or Target E-Notes

~

/




T

Chapter 8: Electrostatics

8.11 Displacement current

56.  Discussorigin of Displacement current. [3 Marks]

Ans: Refer Q.91.

57.  Obtain relation between conduction current and
displacement current. [2 Marks]

Ans: Refer Q.92.

8.12 [Energy Stored in a Capacitor

58. Obtain an expression for energy stored in a
capacitor. [3 Marks]

Ans: Refer Q.94.

59. A cube of marble, of each side 5 m long, is
placed in an electric field of intensity of
300 V/m. Determine the energy stored in the
marble, if its dielectric constant is 8. [2 Marks]

Ans: 3.983x107*J

60.  The capacity of a parallel plate air capacitor is 10 puF
and it is given a charge of 40 nC. Find the electrical
energy stored in the capacitor. [2 Marks]

Ans: 800 erg

61. Two capacitors each of capacity 5 pF and a
battery of e.m.f 180 V are given to you. Which
combination gives the maximum energy? What
is its value? Also find the charge on each
capacitor of that combination. [4 Marks]

Ans: Parallel combination, 0.1620 J Charge on each
capacitor of parallel arrangement = 900 pC.

8.13 Van de Graaff Generator

62. State principle of Van de Graaff generator.

[2 Marks]

Ans: Refer Q.101.

63. Explain the construction of a Van de Graaff
generator. [4 Marks]

Ans: Refer Q.102. (Construction and diagram only)

64. How does a Van de Graaff generator work?

[3 Marks]

Ans: Refer Q.102 (Working only)

65. State any four applications of Van de Graaff
generator. [2 Marks]

Ans: Refer Q.103. (Any four uses)

Multiple Choice Questions

[1 Mark Each]
Gauss’ law helps in
(A) determination of electric field due to
symmetric charge distribution.
(B) determination of electric potential due to
symmetric charge distribution.
(C) determination of electric flux.
(D) situations where Coulomb’s law fails.

10.

Electric intensity at a point near a charged
sphere of charge q is given by

(A) E= 1 aq (B) E= 1 g
4ngk 1’ 2mek t
c 1 q

C E=— D E= =

© gk (D) 4me, 1

The electric intensity due to a charged sphere at a
point outside the sphere increases with increase in
(A) dielectric constant .

(B) distance from the centre of sphere.

(C) charge on sphere.

(D) square of distance from the centre of sphere.

Intensity of electric field at a point close and
outside a charged conducting cylinder is
proportional to [Mar 14]
(r is the distance of a point from the axis of cylinder)
@ ® - © 5 O
T r r
When a capacitor is connected to a battery,
(A) an alternating current flows in the circuit.
(B) no current flows at all.
(C) a current flows for some time and finally
it decreases to zero.
(D) current keeps on increasing and reaches
maximum after some time.

If the air surrounding a charged conductor is
changed by other insulating medium, its

(A) capacity increases.

(B) capacity decreases.

(C) capacity does not change.

(D) capacity becomes zero.

The energy of a charged capacitor resides in

(A) the electric field only.

(B) the magnetic field only.

(C) Doth the electric and magnetic fields.

(D) neither in the electric nor in the magnetic
field.

Van de Graaff generator produces .
(A) zero potential (B) high potential
(C) breakdown voltage (D) low potential

If the charge on the condenser of 10 uF is doubled,
then the energy stored in it becomes .
[Mar 17]

(A) zero

(B) twice that of initial energy
(C) half the initial energy

(D) four times the initial energy

of conductors and insulators can be
understood on the basis of free and bound charges.
(A) The mechanical properties
(B) The electrical behaviour
(C) The magnetic behaviour
(D) The dielectric behaviour
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11.

12.

13.

*16.

*17.

*18.

The dielectrics develop net dipole
moment in presence of an electric field.

(A) polar (B) non-polar

(C) polar and non-polar (D) solid

Dielectric constant of metals is
A 0 B) 1
© -1 (D) oo

Match the two columns in correct sequence.

Common units of .
. Their values
capacitance
i. | 1pF a. | 10°F
ii. | 1pF 10 *F
iii. | 1 nF c. | 10°F

(A) (i—b), (i — c), (iii - a)
(B) (i—c), (ii — b), (iii - a)
(C) (i-b), (i — a), (iii - ¢)
(D) (i—a), (ii — b), (iii - ¢)

A parallel plate capacitor is charged and then
isolated. The effect of increasing the plate
separation on charge, potential, capacitance
respectively is

(A) Constant, decreases, decreases

(B) Increases, decreases, decreases

(C) Constant, decreases, increases

(D) Constant, increases, decreases

A slab of material of dielectric constant k has
the same area A as the plates of a parallel plate
capacitor and has thickness (3d /4), where d is
the separation of the plates. The capacitance
when the slab is inserted between the plates is

_ Ag(k+3 = A Zk
®) c= d(4kj ® C d{k+3j
_ Ag(k+3 = Ag[ 4k
© €= d(zkj ) d(k+3}

[Note: Framing of the question is modified to
arrive at appropriate option/.

Energy stored in a capacitor and dissipated
during charging a capacitor bear a ratio

(A 1:1 B) 1:2

) 2:1 D) 1:3

A parallel plate capacitor has circular plates of
radius 8 cm and plate separation lmm. What
will be the charge on the plates if a potential
difference of 100 V is applied?

(A) 1.78x107°C (B) 1.78x107°C
(C) 43x10*C (D) 2x107°C

Charge +q and —q are placed at points A and B
respectively which are distance 2L apart. C is
the midpoint of A and B. The work done in
moving a charge +Q along the semicircle CRD
as shown in the figure below is

19.

20.

21.

22.

23.

24.

A C B D
< ZL > Q
—qQ q
® (B)
ng, L 2meg, L
Q —qQ
© = D) =
ne,L 4me L
The permittivity of medium is

26.55 x 10712 C*/Nm?. The dielectric constant of
the medium will be

@» 2 ® 3 (© 4

Which of the following produces uniform
electric field?

(D) 5

(A) point charge

(B) linear charge

(C) two parallel plates

(D) charge distributed on circular disc

A charge of + 7 uC is placed at the centre of two
concentric spheres with radius 2.0 cm and
4.0 cm respectively. The ratio of the flux
through them will be

A) 14 B) 1:2

© 11 (D) 116

Which of the following is NOT the property of
equipotential surfaces?

(A) They do not intersect each other.

(B) They are concentric spheres for uniform
electric field.

(C) Potential at all points on the surface has
constant value.

(D) Separation of equipotential surfaces

increases with decrease in electric field.

In a uniform electric field, a charge of 3 C
experiences a force of 3000 N. The potential
difference between two points 1 cm apart along
the electric lines of force will be

A) 10VB) 3V () 01Vv@D 20V

The angle at which maximum torque is exerted
by the external uniform electric field on the

electric dipole is . [Mar 22]
Ay 0° (B) 30°
(C) 45° (D) 90°

ﬂnswers to Multiple Choice Questions)

(A) 2. (A) 3. (C) 4. (A
(© 6. (A) 7. (A) 8. (B)
(D) 10. (B) 11. (C) 12. (D)
(C) 14. (D) 15. (D) 16. (A)
(A) 18. (A) 19. (B) 20. (C)
(C) 22. (B) 23. (A) 24. (D)
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ﬁ-lints to Multiple Choice QuestionsJ

14.  For a parallel plate capacitor:
Charge is conserved. Hence, remains constant.

. _ As 1 . —
i. C= d“:Coc(T1 ii. V=Ed=Vu«d
. . Ag,
15.  Without slab, capacitance C = 4
. . Ag,
With slab capacitance, C' = 71
d_{l - j
k
Ag Ag
C' = 0 @ _ 0
da-3g1-1) 4 3d
4 k 4 4k
_ A& Ag, ( 4k J
d (1 L3 ) d \k+3
4 k

17.  For circular plates, A = nir* = 11(0.08)* m*
Ag,  m(0.08)" x8.85x107
Ny = —
d 10
=1.78x 10 C

Q=CV= x 100

18.  Work done W¢p = Q(Vp — V¢)
Where, Vp, is net electric potential at D and
V¢ is net electric potential at C.
Here, Vc=0
Wep =QVp = Q{—Hl ) }

4ne 3L 4meg, L

_ —Q
6me, L

19. Dielectric constant of medium
_ & _2655x10"7 _

g 8.85x107"

21. Total flux is independent of shape and radius.

F
23, E=—=23%9_ 1000 N/C
QG 3
1
ve—9_ 14, g,

(S}

- e, v 4me, 1
=1000 x 0.01 (vr=1cm=0.01 m)
=10V
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