CHAPTER : 2

ELECTROSTATIC POTENTIAL
AND CAPACITANCE

STUDY NOTES

Potential difference: The potential difference between two points is defined as the amount of work done in
bringing a unit positive charge from one point to another against the electrostatic forces.
Work done

Potential difference =
Charge
VAB = VB — VA = EQAB

ST unit of potential difference is volt (V). : 1V=1 JC1 = 1 Nm C™!

o Electric potential: It is defined as the amount of work done to bring a unit positive charge from infinity to the
observation point against the electrostatic forces.

. . . _ Work done
Elcctncl potential Charge
W
or V= E

It is a scalar quantity. SI unit of electric potential is volt.
e Electric potential due to a point charge: The electric potential of a point charge ¢ at a distance r from it is

given by
V= —1— 1 e Vo .
dngy ¥ F

It is spherically symmetric.
e Electric potential due to a dipole: Electric potential at a point having position vector 7, due to a dipole of

moment p at the origin is given by
_}

_}
L pr 1 cos 6
V= dne, 3 dmne, 1

e At points on the axial line of the dipole (6= 0 degree or 180 degrees)

_,_ L
Vaxiat = + pry
e At points on the equatorial line of the dipole (6 = 90 degrees)
Vequa = 0
e Electric potential due to a group of N point charges: If |, r,, r3 ... ry are the distances of N point charges
from the observation point, then

V = LI:ﬁ+g-2—+q—3+...+q—"":|
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e Relation between electric field and electric potential: The rate of change of potential with distance is called
potential gradient. Electric field at any point is equal to the negative of the potential gradient at that point




dv
E==a
ST unit of electric field = Vm 1. The direction of E is in the direction of steepest decrease of potential.
The rectangular components of E are given by
dv dv dv
E=-—;;E, =--— E, = - —
*odx Y dy’ B, dz
Determination of electric potential from electric field: The electric potential at a point having position vector
f is given by '

v =-(Edr
Equipotential surface: Any surface that has the same electric potential at every point on it is called an

equipotential surface.

Some of the important properties of equipotential surface are as follows:
(1) Work done in moving a test charge over an equipotential surface is zero.

(2) Electric field is always normal to the equipotential surface at every point.

(3) The distance between equipotential surfaces is less in the regions of strong field and more in the regions of
weak field.
(4) Two equipotential surfaces can. never intersect each other.
Electric potential energy: It is defined as the amount of work done in assembling the charges at their locations
by bringing them in, from infinity.
Potential energy of a charge = Charge X Electric potential at the given point
Its unit is joule (J) or electron volt (eV).
leV=16x1017
Potential energy of a system of two point charges: If g, and ¢, are two point charges separated by distance
r1s , then their potential energy is

_ 1 a9
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Potential energy of N point charges: It is given by:

i#j
Potential energy of a dipole in a uniform electric field: It is defined as the amount of work done in turning
the dipole from orientation 0; to 0, in the field E
U = —pE(cos 6, — cos 8)
If initially the dipole is perpendicular to the field E, 6; = 90 degree to 6, = 0 then

U = —pE cos 0 = —;E‘)
When 0 = 0°, U = —pE i.e.,the potential energy of the dipole is minimum hence the dipole is in stable equilibrium.
When 6 = 90°, U =0
When 6 = 180°, U = +pE i.e.,the potential energy of the dipole is maximum hence the dipole is in unstable
equilibrium,




Conductors. These are the substances which allow movement of large number of electric charges through them
on application of external electric fields. They have a large number of free clectrons.

Properties of conductors:

(a) Net electrostatic field is zero inside a conductor
(b) Just outside the surface, the electric field is normal to the surface of the conductor
(c) No charge can reside inside the conductor. Any excess charge will reside on the surface of the conductor
(d) Potential will be constant within and on the surface of conductor
(e) Electric field at the surface of a charged conductor is proportional to the surface charge density.
() Electric field is zero in the cavity of a hollow charged conductor
Insulator: These are the substances which do not allow movement of electric charges through them even on
application of electric field . They have a negligibly small number of free charge carriers.
Electrostatic shielding: The process of making a region free from any electric field is called electrostatic shielding.
Tt is due to the fact that the electric field vanishes inside the cavity of a hollow conductor.
Capacitance of a conductor: It is defined as the charge required to increase the potential of a conductor by unit amount.
Capacitance = _"-lla—fﬁe— or C= 4
potential V
Capacitance of a spherical conductor: If R is the radius of the spherical conductor, then its capacitance is given by

C = 4ngygR
Capacitor: It is an arrangement of two conductors separated by an insulating medium that is used to store electric
charge and electric energy.
Capacitance of a capacitor: The capacitance of a capacitor is given by

c-
The SI unit of capacitance is farad.

1 farad (F) is the capacitance developed if 1 coulomb of charge is transferred from one plate to another of a
capacitor by applying a potential difference of 1 volt across the two plates. '

Parallel plate capacitor: It is an arrangement of two parallel conducting plates, each of area A, separated by a
small distance d. Its capacitance is

_ A
C="y4

Spherical capacitor: It is an arrangement that consists of two concentric spherical conducting shells of inner and
outer radii @ and » and of common length. Its capacitance is

_4ne,ab

 b-a
Cylindrical capacitor: It is an arrangement that consists of two coaxial conducting cylinders of inner and outer
radii @ and b and of common length I. Its capacitance is
_LB_ = 27y I b
loge[—] 2.303logm( )

a \ g/

C=2meg,

Capacitors in series: Its equivalent capacitance is given by
d_ 1,11
Cs C G G
In a series combination of capacitors, the charge on each capacitor is same but the potential difference across any
capacitor is different and is inversely proportional to its capacitance.
Capacitors in parallel: The equivalent capacitance for capacitors connected in parallel is given by
CP=C1+C2+C3+...




In a parallel combination of capacitors, the potential difference across each capacitor is same but the charge on
each capacitor is different and is proportional to its capacitance.

Energy stored in a capacitor: The energy stored in a capacitor of having charge g with voltage V and capacitance
Cis . 1 _ 1 QZ 1

U= 30V 3.5 =2
Energy density: The electrical energy stored per unit volume is known as energy density. The energy density in
a region with electric field E is given by

u= %EOEZ
Common potential: It is given by

Total charge  q;+qy+ g3+ ...
Total capacitance C;+ C,+ C5+
CIVI + C2V2 + C3V3 +
Ci+Cy+Cy+
Loss of energy on sharing charges: Let two capacitors of two capacitances C; and C, be at potentials V; and
V, respectively and are connected together. The loss of energy during this process is given by
C,C,

AU = 1 C .|_ C (VI_V2)2
Dielectric: A diclectric is a substance which acts an as insulator in absence of electric ficld but can be polarised
through small localised displacements of its charges by application of electric field
There are two types of dielectrics polar (that is made of polar molecules)and non-polar dielectrics(that is made
of non- polar molecules)
Polarisation of dielectric: If the medium between the plates of a capacitor is filled with a dielectric, the electric
field due to the charged plates induces a net dipole moment in the dielectric. This effect is called polarisation
which induces a field in the opposite direction.
Dielectric constant. It is the ratio of the capacitance (C) of the capacitor w1th the dielectric as the medium to
its capacitance (Cy) when conductors are in vacuum.

C

=G
It is also equal to the ratio of the applied electric field (Eg) to the net electric field (E) on inserting the dielectric
slab between the plates of the capacitor.
Ep _ _Eg
E EiE
Here E’ is the field developed due to polarisation of the dielectric in the opposite direction of E.

Capacitance of a parallel plate capacitor filled with a dielectric

KA
C =KCy = ‘C'OT

Capacitance of a parallel plate capacitor with a dielectric slab of thickness # between its plates: Here 7 < d,
g,4

Capacitance of a parallel plate capacitor with conducting slab between its plates: Here ¢ < d,

e ()5 -(25)e
d-t) d d—t

Van de Graaff generator: It is an electrostatic generator that is used to develop high potential differences of the
order of 107 volts. It works on the principle that when a charged conductor is brought into internal contact with
a hollow conductor, it transfers all of its charge to the hollow conductor, however high the potential of the latter
may be. It even uses the discharging action of sharp points.

It is used to accelerate charged particles.

K:

C=




QUESTION BANK

1. Equipotentials at a great distance from a collection of charges whose total sum is not zero are approximately

(a) spheres (b) planes (c) paraboloids (d) ellipsoids.
2. The potential to which a conductor is raised, depends on
(a) the amount of charge (b) geometry and size of the conductor
(c) both (a) and (b) (d) none of these
3. The work done in carrying a charge g once round circle of radius r with a charge Q at the centre is
(a) 4z8 o (b) Zero (c) %7 (d) None of these

4. Three charges 1uC, 2uC, 3uC are kept at vertices of an equilateral triangle of side 1 m. If they are brought nearer,
so that they now form an equilateral triangle of side 0.5 m, then work done is
(a) 117J (b) 0.01 J
(¢ L17J (d)0.117J
g

5. Two charges q; and q, are placed 30 cm apart, as shown in the figure. A third charge q3 is ¢
moved along the arc of a circle of radius 40 ¢cm from C to D. The change in the potential

energy of the system is g

(a) 845 2

®) 84, 2
(©) 64 Y s0em 5D
(d) 69,

6. A dipole is placed parallel to the electric field. If W is the work done in rotating the dipole by 60 degrees : then
work done in rotating it by 180° is '

(a 2 W b)3 W ()4 W (d) W72
7. 8 drops of Hg are combined to form a bigger single drop. The capacitance of a single small drop and that of the
single big drop will be in the ratio of D

(2) 1:2 _ (b) 1:8 /\
(c) 81 (d) none of these 4uF 4uF

8. The equivalent capacitance between A and B is :

(a) 8uF (b) 6uF c €
1 15pF
(¢) 268uF @ 33,5 oLy TR
4uF 4pF

9. A 10 microfarad capacitor is charged to 500 V and then its plates are joined together
through a resistance of 10 ohm. The heat produced in the resistance is
(a) 500 J (b) 250 J (c) 12517 (d) 1.257

10. If there are n capacitors in parallel connected to ¥ volt source, then the energy stored is equal to
1
(a) CV (b) % nCv? (c) CV? (d) 5,CP?

11. A student connected a parallel plate capacitor to a battery. It stored energy U. Then he disconnected the battery
and connected another identical capacitor across it, then the energy stored by both capacitors of the system was
(@) U () U2 (©2U (d) 3U22

12. An electric charge 10 pC is placed at the origin (0,0) of X-Y co-ordinate system. Two points A and B are situated
at (¥2, V2) and (2, 0) respectively. The potential difference between the points A and B will be:
(a) 9 volt (b) zero (c) 2 volt (d) 4.5 volt




13.

14.

15‘

16.

17.

18.

19.

20’

Ten charges are placed on the circumference of a circle of radius R with constant angular separation between
successive charges. Alternate charges 1, 3, 5, 7, 9 have charge (+q) each, while 2, 4, 6, 8, 10 have charge (—q)
each. The potential V and the electric field E at the centre of the circle are respectively.(Take V = 0 at infinity)

_ 10q __10g
(a) V= 0’ E 0 (b} V= 4TEEOR’ - 47580}{.2
=_10g . g_ _ __10q
(c) V 41|:80R’ E=0 (dVv=0E 4‘."[€0R2

Two isolated conducting spheres S; and S, of radius 2R/3 and R/3 have 12uC and —3uC charges respectively,
and are at a large distance from each other. They are now connected by a conducting wire. A long time after this
is done the charges on S; and S, are respectively :

{a) 4.5 pC on both (b) +4.5 uC and 4.5 pC

(c) 6 pC and 3 pC (d) 3 pC and 6 pC

Two charged thin infinite plane sheets of uniform surface charge density o, and ¢_ where |o,| > |o_|, intersect at
right angle.Which of the following best represents the electric field lines for this system:?

(a) o- (b) 7 (c) 7 (d) T

o+

A parallel plate capacitor is charged. If the plates are pulled apart,
(a) the capacitance increases (b) the potential difference increases

(c) the total charge increases
(d) the charge and potential difference remain the same.
A parallel plate air capacitor is charged and then isolated. When dielectric material is inserted between the plates

of the capacitor, then which of the following does not change?
(a) Electric field between the plates (b) Potential difference across the plates

(c) Charge on the plates (d) Energy stored in the capacitor

A parallel plate capacitor of plate area A and separation d is filled with dielectric

as shown in figure. T g
The dielectric constants are Ky and K, . Net capacitance is ! g
& OA M K] +K2 K
@) == (K +K,) () =~ (—Kl X | A
(©) 28—"14(&] (@ M{MJ |
d \ K +K, d KK,
An air filled parallel plate condenser has a capacity of 2 pF. The separation of the plates is doubled and the interspace

between the plates is filled with wax. If the capacity is increased to 6 pF, the dielectric constant of wax is
(a) 2 {b) 3 (©)4 d) 6

Charges are placed on the vertices of a square as shown. Let E be the electric field and V the potential at the
centre. If the charges on A and B are interchanged with those on D and C respectively, then

(a) E')changes, V remains unchanged. q

(b) E) remains unchanged, V changes. A B

(c) both Eand V change.

(d) E') and V remain unchanged. D C
—-q —-q




21.

22,

23,

24,

25,

26.

27.

28.

29.

What is the equivalent capacitance of the arrangement as shown in figure, if A is the area?

de, (K, +K,) (K, +K,)
£ \ T ) e T 2]
@5 ®) 4553 K, K, i
© ds, [ KK, @ ﬁ/ KK, T
2d \ K, + K, d LK.+K2 -« ] —>— | —>

Two points P and Q are maintained at the potentials of 10 V and - 4 V respectively. The work done in moving

100 electrons from P and Q is
(@) 19 x 10717 ] (b) 9.60 x 10717 J
(c) =224 x 10716 J (d)2.24 x 10716

The electrostatic potential inside a charged spherical ball is given by ¢ = ar? + b where r is the distance from
the centre; a, b are constants. Then the charge density inside the ball is

(a) — 24magyr (b) — 24mag (c) — bmagyr (d) — 6masg

The potential at a point x (measured in pm) due to some charges situated on the X-axis is given by
Vix) = ( 5?4) volts

The electric field E at x = 4um is given by

(a) % volt / u m and in the +ve x-direction. (b) g volt / p m and in the -ve x-direction.
(c) % volt / u m and in the +ve x-direction. (d) % volt / u m and in the -ve x-direction.

A sheet of aluminium foil of negligible thickness is introduced between the plates of a capacitor. The capacitance
of the capacitor 5
(a) decreases (b) remains unchanged. (c) becomes infinite (d) increases

To demonstrate the conversion of electrical energy into heat energy a set up is created. A fully charged capacitor
has a capacitance C. Tt is discharged through a small coil of resistance wire charge embedded in a thermally
insulated block of specific heat capacity s and mass m. The temperature of the block is raised by AT, then the
potential difference V across the capacitor will be:

s C C
P
Five capacitors, each of capacitance value C are connected as shown in the figure.
The ratio of capacitance between P and R; and the capacitance between P and Q is Q F7T
(a) 3:1 (b) 5:2 c
(c) 2:3 (d) 1:1 \ f
S

A conducting sphere of radius R carrying charge Q lies inside an uncharged conducting shell of
radius 2 R. If they are joined by a metal wire, the amount of heat that will be produced is
1 @ 1 @ 0 %
—_— b == = d) T35
@ 4ne, 4R ® ©) 47, R @ 4me, 3R

4me, 2R

Some charge is being given to a conductor. Then, its potential
(a) is maximum at the surface.

(b) is maximum at the centre.

(c) remains the same throughout the conductor
(d) is maximum somewhere between surface and centre.
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31.

33.

34.

35.

36.

37.

In the given figure, the capacitors C;, C3, C4, C5 have a capacitance 4 pF each. Cy
If the capacitor C, has a capacitance 10 pF, then effective capacitance between A 4
and B will be C
A B
(a) 2 WF (b) 4 pF ¢l ¢,Pc
(c) 6 uF (d) 8 uF —|

Charges +¢ and —q are placed at points A and B respectively which are at a distance
2 L apart, C is the midpoint between A and B.

The work done in moving a charge + Q along the semicircle CRD is

q0 99
a) 1=— b) ——=
@ 2me, L ®) 6me, L
99 Y
S d —_—=
©) bre, L @ 4ne, L
. A circuit for a refrigerator was designed by an engineer. It had two condensers, one of
capacity C and the other of capacitor C/2 are connected to a V volt battery, as shown. 4 Llc l ch
What is the energy stored in the circuit? T T I
1 o2 1 o2
(@) 7 CV () 5 CV
(©) % CV? (d) 2CV2

The mean free path of electrons in a metal is 4 x 10~® m. The electric field which can give on an average 2 eV

energy to an electron in the metal will be in units of V/m
(@) 5= 101 (b) 8 x 10711 (¢) 5 x 107 (d) 8 x 107

A series combination of n; capacitors, each of value C,,is charged by a source of potential difference 4 V. An
electrician wanted to make a parallel combination of capacitor for another device such that it stores the same
amount of energy stored in the previous arrangement. He made the parallel combination of n, capacitors such
that each capacitor has value C,, is charged by a source of potential difference V. The value of C,, in terms of

C,, is then
(a) 2Cl}f111ﬂ2 (b) 16C1112}"n1 (C) 2C1H2J{I‘II (d) 16C1»’n1n2
Four electric charges q, q, —q and —q are placed at the corners of a square of side 2 L(see +q G
figure).
The electric potential at point A, midway between the two charges + q and + q is A

1 2¢q 1 2¢q 1
9 =215 2y, L
@ 471'80L( ) (b)4m-:0L[ JE}

+q —q

1 2

() 4 ——-1—J (d) zero
4ne, L J5

Two identical thin rings, each of radius R metre are coaxially placed at distance R metre apart. If Q; and Q,
coulomb are respectively the charges uniformly spread on two rings, the work done in moving a charge ¢ from
the centre of one ring to that of the other is

4@, -0)(2 1) w20, +0) 9@ +0,)(v2 +1)
_— d
(a) zero () a2 76, R © drg,R @ 42 ey R

The magnitude of electric field E in the annular region of E a charged cylindrical capacitor
(a) is same throughout.

(b) is higher near the outer cylinder than near the inner cylinder.

(c) varies as ( 1/r) , where r is the distance from the axis.

(d) varies as (1/72) , where r is the distance from the axis.




38.

39.

40.

41.

42,

43.

44.

An ellipsoidal cavity is carved within a perfect conductor as shown in figure. A positive charge g is placed at
the centre of the cavity. The points A and B are on the cavity surface. Then,

(a) electric field near A in the cavity = electric field near B in the cavity
(b) charge density at A = charge density at B ® B
(c) potential at A = potential at B ;

(d) total electric field flux through the surface of the cavity is —g/gy
Consider the situation shown in the figure. The capacitor A has charge q on it, whereas B is uncharged.

q
+_
+|%H
+_

L .
+

+

A B

The charge appearing on the capacitor B a long time after the switch S is closed, is
(a) zero (b) g/2 (c) g (d) 29

A parallel plate capacitor C with plates of unit area and separation 4 is filled with a
liquid of dielectric constant K = 2. The level of liquid is @/3 initially. Suppose the

liquid level decreases at a constant speed v, the time constant as a function of time dl —L— 4 R
tis I Y
6g,R 15d +9vt)e,R
@ % (o) U |
5d +3vt 2d” =3advt -t 1}
15d —9vt)g,R
) &R (d) (2 ) .
5d —3vt 2d° +3dvt =t

The velocity v acquired by an electron starting from rest and moving through pétential difference V is shown by
which of the following graphs? '

(a) V{ (b) I (© v[ (d) vl _
v : 8 V V

In a certain charge distribution, all points having zero potential can be joined by a circle S. Points inside S have
positive potential and points outside S have negative potential. A positive charge, which is free to move, is placed
inside S.

(a) It will remain in equilibrium

{b) It can move inside S, but it cannot cross S.

(c) It must cross S at some time.

(d) It may move, but will ultimately return to its starting point.

An electron initially at rest, is accelerated through a potential difference of 200 volt, so that it acquires a velocity
8.4 x 10% m/s. The value of e/m of electron will be

(a) 1.76 x 10'! C/kg (b) 2.76 x 10!2 C/kg (c) 0.76 x 101 C/kg (d) none of these

A certain region of space has a potential given by the function xy?z> with respect to some reference point. Find

the z-component of the electric field at (1, -3, 2). A A
(a) 108 k . (b) -108 k (c)48 k (d) 48 k

. A capacitor fabrication unit designed a parallel plate capacitor. It was charged to 200 V and then the battery was

disconnected. Due to some fault, a dielectric slab of dielectric constant 5 and thickness 4 mm was inserted between them.
So in order to achieve the original capacitance, what should be the increase in the separation of plates of capacitor?
(a) 0.8 mm (b) 3.2 mm (c) 4.0 mm (d) 1.6 mm




46.

47.

48.

49.

50.

51.

52.

53.

What will be the equivalent capacitance of a arrangement shown in figure? A2 A2

3KegA 4KepA .- T
@ — (b) ——— !
© (K+1)gpA (dy KH3)eA

2d 2(K+1)d

A condenser is charged and then the battery is removed. A dielectric plate is put between the plates of condenser,
then correct statement is
(a) Q is constant, V and U decrease (b) Q is constant, V increases, U decreases
(c) Q increases, V decreases, U increases (d) Q,V and U increase

Two charges g and -q are kept apart. Then at any point on the perpendicular bisector of line joining the two charges:
(a) the electric field strength is zero

(b) the electric potential is zero

(c) both electric potential and electric field strength are zero

(d) both electric potential and electric field strength are non-zero

A new intern at the parallel plate capacitor manufacturing unit was making a parallel plate. He made the capacitor
with one plate smaller than the other. Then the charge on the smaller plate:

(a) will be less than other (b) will be more than other

(c) will be equal to other (d) will depend upon the medium between the plates

The capacitance of a capacitor becomes % times its original value if a dielectric slab of thickness, ¢ = % dis

introduced in between the plates, d is the separation between the plates. The dielectric constant of the dielectric

slab is:
14 11 7 11
a) (®) — (c) — (d) =
® 11 14 11 _ 7
In the capacitor of capacitance 20 pF, the distance between plates is 2 mm. If a material of dielectric constant 2

is inserted between the plates, then the capacitance of the system is:

(a) 20 pF (b) 30 pF (c)22 x 5 uF (d) 40 pF

Two metal plates are separated by a distance d in a parallel plate condenser. A metal plate of thickness t and of
the same area is inserted between the condenser plates.

The value of capacitance increases by a factor of:

d- _t o1 - L L
@ & ®)2- ©1- @ —
d

In free space, a particle A of charge 1puC is held fixed at a point P. Another particle B of the same charge and mass
4 pg is kept at a distance of 1 mm from P. If B is released, then its velocity at a distance of 9 mm from P is
(a) 1.0 m/s (b) 6.32 x 10* m/s (c) 2.0 x 103 m/s (d) 1.5 x 10% m/s

A system of three charges are placed as shown in the figure :
" | IR

+q —q Q

]y

If D >> d, the potential energy of the system is best given by :

1[4, q0d L[_ﬁ_@] L[ ¢ q0d] L[_q_z ZQQJ]
(@) 4?1'80[0’ * D? ] L dme,| d 2D’ © 4_7;«‘; d D @ dng | d ' D’

10
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63.

Three charges Q, + ¢ and + ¢ are placed at the vertices of a right-angle isosceles Q
triangle as shown below. The net electrostatic energy of the configuration is zero,
if the value of Q is :

-
(@ 1+, (b) +¢

—\2 \
© —2q @ %_‘3{ +g q

A positive point charge is released from rest at a distance ry from a positive line

charge with uniform density. The speed (v) of the point charge, as a function of instantaneous distance # from
line charge, is proportional to : '

Iy—>

(@) v (_r_} (D) vociln [LJ (©) voce™n (d vee, V{LJ
K ¥ )

a

A parallel plate capacitor with area 200 cm? and separation between the plates 1.5 cm, is connected across a
battery of emf V. If the force of attraction between the plates is 25x10°¢ N, the value of V is approximately :
(a) 250 V (b) 100 V - (c)300V (d) 150 V

A parallel plate capacitor of capacitance 90 pF is connected to-a battery of emf 20 V. If a dielectric material of
dielectric constant K = 5/3 is inserted between the plates, the magnitude of the induced charge will be :
(a) 0.9nC (b) 1.2nC (c) 0.3nC (d) 2.4nC

The energy stored in the electric field produced by a metal sphere is 4.5 J. If the sphere contains 4 uC charge,
its radius will be :

(a) 20 mm (b) 32 mm (c) 28 mm (d) 16 mm

There is a uniform electrostatic field in a region. The potential at various points on a small sphere centred at P,
in the region, is found to vary between the limits 589.0 V to 589.8 V. What is the potential at a point on the
sphere whose radius vector makes an angle of 60° with the direction of the field?

(a) 5895V (b) 589.2 V (c)5894 V (d) 589.6 V

A capacitance of 2 pF is required in an electrical circuit across a potential difference of 1.0 kV. A large number
of 1uF capacitors are available which can withstand a potential difference of not more than 300 V. The minimum

number of capacitors required to achieve this is:
(a) 2 (b) 16 (c) 32 (d) 24

A student was given three capacitors each of 4 pF. For an experiment he needs a capacitor of 6uF.
This can be done by connecting them :

(a) all in series (b) two in series and one in parallel
(c) all in parallel (d) two in parallel and one in series
In the given circuit, charges Q, on the 2uF capacitor changes as C is varied from IuF to 3pF. Q, as a function

of 'C' is given by:

C

11
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67.

69.

700

71.

72.

73.

74.

750

Charge

(a) Charge [ (b) Charge I[ (c) ( (d)
Q, / : e /.I a /
| | | | . P\ﬁ

| lpf pf tut At [ e 3uf [ 1a 3uf

C

A parallel plate capacitor is made of two circular plates separated by a distance 5 mm and with a dielectric of
dielectric constant 2.2 between them. When the electric field in the dielectric is 3x10%V/m the charge density of

the positive plate will be close to:
(@) 6 x 1077 C/m? (b) 3 x 1077 C/m? (c) 3 x 10* C/m? (d) 6 x 10* C/m?

Two capacitors C, and C, arc charged to 120 V and 200 V respectively. It is found that connecting them together
the potential of each one can be made zero. Then
(a) 5C1 = 3C2 . (b) 3C1 = 5C2 (C )301 + 5C2 =0 (d) 9C1 = 402

An electrician was asked to charge a parallel plate capacitor having separation between them as d and plate area
A.The energy he will require to charge it such that the uniform electric field between the plate is E, is:

(a) £oE2Ad (b) %soEzAd ©) _;_eoEzfAd () goE¥Ad

The electric field intensity produced by the radiations coming from 100 W bulb at 3 m distance is E. The electric
field intensity produced by the radiations coming from 50 W bulb at the same distance is:
(a) EN2 (b) 2E (c) EN2 (4) \2E

A charge Q is placed at the origin. The electric potential due to this charge at a given point in space is V. The
work done by an external force in bringing another charge ¢ from infinity up to the point is

(a) Viq (b) Vq (0 V+g @V

Which of the following is not true?

(a) For a point charge, the electrostatic potential varies as 1/r

(b) For a dipole, the potential depends on the position vector and dipole moment vector

(c) The electric dipole potential varies as 1/r at large distance '

(d) For a point charge, the electrostatic field varies as 1/r?

A parallel plate capacitor has a uniform electric field E (V/m) in the space between the plates. If the distance
between the plates is d(m) and area of each plate is A(m?) the energy (joule) stored in the capacitor is

(a) eE?Ad (b) %SOEZACI ©) %soEzfAd (d) goE%Ad

The ionisation potential of mercury is 10.39 V. How far an electron must travel in an electric field of 1.5 x 106
V / m to gain sufficient energy to ionise mercury?

(@) 10.39 /(1.6 x 10719 ) m (5 1039/ (2% 1.6 x 1019 ) m

(¢) 10.39 x 1.6 x 10719 m (d) 1039 / (1.5 x 10° ) m

If a charged spherical conductor of radius 10 cm has potential V at a point distant 5 cm from its centre, then the

potential at a point distant 15 cm from the centre will be

1 2
@ 5V () 5V © 5V @ 3V

A 500 pF capacitor is charged at the steady rate of 100 pC/s. How long will it take to raise the potential difference
between the plates of the capacitor to 10 V?

(a) 5s (b) 10 s (c) 50 s (d) 100 s
An 8 pF capacitor is connected across 220 V, 50 Hz line. What is the peak value of the charge through capacitor?
(@ 25 %103 C (b) 2.5 x 104 C (c)5x 107 C (d) 7.5x102C

The relation between electric field vector E, the displacement vector D and the polarization vector P for a dielectric

placed in electric field E is given by
(a P=¢gE+D b)yD=gE+P (c)P=E+D (dE=P+D
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76. What is the use of a Van de Graff generator?
(a) Van de Graff generator is used to create a large amount of current
(b) Van de Graff generator is used to create a small amount of voltage
(c) Van de Graff generator is used to create a large amount of static electricity
(d) Van de Graff generator is used to create a smali amount of resistance

(Data for question 77 and 78)

The two graphs drawn here, show the variation of electrostatic potential (V) with 1/r (r being distance of the
field point from the point charge) for two point charges ¢, and ¢,

9
i
o I
—{3)
q
77. What are the signs of the two charges?
(a) q; is negative and q, is positive (b) both q; and q, are positive
(c) qp is positive and q, is negative (d) both q; and q, are negative
78. Which of the two charges has a larger magnitude?
(a) magnitude of q; is larger than q, (b) magnitude of q, is larger than q;
(c) magnitude of q; is equal to q, (d) can’t say as data is not sufficient

79. Keeping the voltage of the charging source constant, what would be the fractional change in the energy stored
in a parallel plate capacitor if the separation between its plates were to decreased by 10%?
(a) 19/81 (b) 1/9 (c) 1/81 (d) 109
80. Which of the following statement regarding equipotential surfaces is false?
Equipotential surfaces
(a) are closer in regions of large electric fields compared to regions of lower electric fields
(b) will be more crowded near sharp edges of a conductor
(c) will be more crowded near regions of large charge densities
(d) will always be equally spaced.

s

1. An equipotential surface is a surface with a constant value of potential at all points on the surface. For any charge
configuration, equipotential surface through a point is normal to the electric field at that point. The equipotential
surfaces of a single point charge are concentric spherical surfaces centred at the charge. The lines of force point

radially outwards

F Y
L
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(i) Identify the wrong statement
(a) Equipotential surface due to a single point charge is spherical
(b) Equipotential surface can be constructed for dipoles too.
(¢) The electric field is normal to the equipotential surface through the point
(d) The work done to move a test charge on the equipotential surface is positive.

(ii) Nature of equipotential surface for a point charge is
(a) Ellipsoid with charge at foci (b) Sphere with charge at the centre of the sphere
(c) Sphere with charge on the surface of the sphere (d) Plane with charge on the surface

(iii) A spherical equipotential surface is not possible

(a) inside a uniformly charged sphere (b) for a dipole
(c) inside a spherical condenser (d) for a point charge
(iv) The wgk done in carrying a charge q once round a circle of radius a with a charge Q at its centre is
q Y 9
@) Znepa (b) pr—— (©) Frea (d) zero
(v) The work done to move a unit charge along an equipotential surface from P to Q
Q —
(a) must be defined as —IE.dI (b) is zero
P
(c) can have a zero value (d) both (a) and (b) are correct

2. A parallel plate capacitor consists of two large plane parallel conducting plates separated by a small distance. The
electric field in different regions is:

(a) Outer region I (region above the plate 1),

o o
BT T2
(b) Outer region II (region below the plate 2),
o o
P= 2 "2 -
(c) In the inner region between the plates 1 and 2, the electric fields due to the two charged plates add up, giving

(o] o (o]

_ S Q .
E= 280 +280 €p a

Surface
charge density ¢

i

Surface
charge density —o
For uniform electric field, potential difference is simply the electric field times the distance between the plates.
Capacitance of parallel plate capacitor is , the charge required supplied to either of the conductors of the capacitor
so as to increase the potential difference by unit amount.
(i) A capacitor of capacitance C; is charged upto potential V and then connected in parallel to an uncharged
capacitor of capacitance C,. The final potential difference across each capacitor will be

G
@, Ot g o[-}y
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(ii) In a parallel plate capacitor the capacity increases if
(a) area of the plate is decreases (b) distance between the plate increases

(c) area of the plate is increases (d) dielectric constant decreases

(iii) A parallel plate capacitor has two square plates with equal and opposite charges. The surface charge densities
on the plate are +c and o respectively. In the region between the plates the magnitude of the electric field

18
c

— G '
(a) 2¢ (b) N (©) 0 (d) none of these
(iv) If a parallel plate air capacitor consists of two circular plate of diameter 8 cm. As what distance should the
plate be held so as to have the same capacitance as that of sphere of diameter 20 cm?
(a) 9mm (5) 4 mm (c) 8 mm (d) 2mm

(v) If a charge of a +2.0x1078 C is placed on the positive plate and a charge of 1.0x10 # C on the negative plate
of a parallel plate capacitor of capacitance 1.2x10~3 pF, then the potential difference between the plate is
(a) 625V (b)3.0V () 125V d2s5v

A
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