ELECTROSTATICS

1.

Two equal negative charges —q are fixed at

points (0, a) and (0, —a) on the y-axis. A

positive charge q is released from rest at a

point (2a, 0) on the x-axis. The charge Q will

(a) execute simple harmonic motion about the
origin

(b) move to the origin and remain at rest there

(c) more to infinity

(d) execute oscillatory but not simple harmonic
motion

Two metallic identical spheres A and B

carrying equal positive charge +q are a certain

distance apart. The force of repulsion between

them is F. A third uncharged sphere of the

same size is brought in contact with sphere of

the same size is brought in contact with sphere

A and removed. It is then brought in contact

with sphere B and removed. What is the new

force of repulsion between A and B?
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© 2 (d) 7

Three point charges +q, —q and +q are placed

at the vertices P, Q and R of an equilateral
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triangle as shown in figure. If F =

4

where r is the side of the triangle, the force on

charge at P due to charge at Q and R is
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F along positive x-direction

(@)
(b) F along negative x-direction
(c) V2 F along positive x-direction

(d) V2 F along negative x-direction

Two small identical balls P and Q, each of
mass +/3 /10 gram, carry identical charges and
are suspended by threads of equal lengths. At
equilibrium, they position themselves as

shown in figure. What is the charge on each

ball. Given =9 x 109 Nm2C 2 and take g =
47'[80
10 ms™
(@) 103 C
(b) 105 C Thread
(107 C P Q
I 30cm I
(d)y10™@C

Two points charges +4q and +q are placed 30
cm apart. At what point on the line joining
them is the electric field zero?

(a) 15 cm from charge 4q

(b) 20 cm from charge 4q

(c) 7.5 cm from charge q

(d) 5 cm from charge q

Two point charges q1 = 2uC and q2 = 1 pC are
placed at distances b =1 cm and a = 2 cm from
the origin on the y and x axes as shown in
figure. The electric field vector at a point P(a,

b) will subtend an angle 6 with the x-axis

given by y

(@ tan0=1

(b)tan6=2 Qe P(a, b)
(c)tan 6 =3 b

(d)tan6 =4




10.

Three charges, each of magnitude q = 2 pC are
placed at the vertices P, Q and R of the triangle
as shown in figure. The sum of the sides PQ
and PR is 12 cm and their product is 32 cm?2.
The potential at point P would be

P

Q R
a) 6.00 x 105V

(
(b) 6.25x 105V
(c) 6.50 x 105V
(d) 6.75 x10° V
Two tiny spheres carrying charges of 1 pC and
3 uC are placed 8 cm apart in air. What is the

electric potential at the mid-point of the line

joining the two charges? Given 1/4ngy = 9 x 109

Nm2C=2
(@) 9x102V (b) 9 x 108 V
(€)9x104¢V (d)9x105V

A cube of side b has a charge q at each of its
vertices. What is the electric potential at the

centre of the cube?

4q \/§q
a b
) \/§T580b (b) ey b
() 29 (d) zero
negh

Two point charges —q and +q are located at
points (0, 0, —a) and (0, 0, a) respectively. What
is the electric potential at point (0, 0, z)?

qa b) 4

a
(@) 4meqa

4rgyz?

2qa d 2qa
4, (22 —a®) 4re, (22 +a%)

11.

12.

13.

A neutral hydrogen molecule has two protons
and two electrons. If one of the electrons in
removed we get a hydrogen molecular ion
(H2*). In the ground state of H)* the two
protons are separated by roughly 1.5 A and
the electron is roughly 1 A from each proton.
What is the potential energy of the system?

(@) -38.4eV (b) -19.2 eV

(c) 9.6eV (d) zero

A positive charge (+q) is located at the centre
of a circle as shown in figure. W; is the work
done in taking a unit positive charge from a to
B and W is the work done in taking the same

charge from A to C. Then
A " C
B

(@) W1 > W,
(C) W1 = Wz

(b) W1 < W,
(d)yW1=W2=0

Two concentric spheres of radii 11 and r» carry
charges qi and q respectively. If the surface
charge density (o) is the same for both spheres,

the electric potential at the common centre will

be

(@) on
€ Iy

(b) =2

() —(rn—-rp)
g

0

(d) = (n+1,)

€o




14.

15.

16.

17.

Two parallel plane sheets 1 and 2 carry
uniform charge densities o1 and o2 The

electric field in the region marked I is (o1 > 62)

O1 O2
(a) —26_1 +[] [+
£o + +
+ +
(b) _%2 + +
29 |+ I +
+ +
(Gl + G2) + +
() -2
€9 + +
+ +
(d) (Gl _GZ) +L L1+
280 Sheet Sheet
1 2

In Q. 14, what is the electric field in the region

marked II?

S S22
(a) %, (b) %,

(01— 0,) (01 +0,)
(@ o2 @) Cres)

In Q. 14, the electric field in the region marked
I is

_(o1+0y) _(o1-03)
(@) 2, (b) 2,

(01 +05) (01-03)
(@ e @) o)

A simple pendulum consists of a small sphere
of mass m suspended by a thread of length 1.
The sphere carries a positive charge q. The
pendulum is placed in a uniform electric field
of strength E directed vertically upwards.
With what period will the pendulum oscillate
if the electrostatic force acting on the sphere is
less that the gravitational force? Assume the

oscillations to be small.

(@) T=2x (ljm (b) T =2n (qﬂE'JM

g
1/2 /2

18.

19.

20.

21.

Two equal negative charges —q are fixed at
points (0, a) and (0, —a). A positive charge +Q
is released from rest at the point (2a, 0) on the
x-axis. The charge Q will

(a) execute SHM about the origin

(b) move to the origin and remain at rest there
(c) move to infinity

(d) execute oscillations but not SHM

Particle A has a charge +q and particle B has a
charge +4q, each having the same mass m.
When allowed to fall from rest through the
same potential difference, the ratio of their
speeds va/vs will be

(@2:1

(b)y1:2

(©1:4
(d)4:1

A point charge +q is placed at the mid point of
a cube of side L. The electric flux emerging

from the cube is

(@) gi (b) zero
6qL? q
(c) ? (d) 6L250

The electric potential at the surface of an
atomic nucleus (Z = 50) of radius 9.0 x 10713 cm
is

(@) 80V

(b) 8 x 106 V
)9V

(

d)9x105V
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23.

24.

25.

Two identical thin rings, each of radius R are
coaxially placed a distance R apart. If Q; and
Q. are respectively the charge uniformly
spread on the two rings, the work done in
moving a charge q from the centre of one ring

to the centre of the other is

(a) zero

q _ _
(b) W(Ql Q) (V2 -1)
© 22 Qe

@) 290@+Q,)
J24ng,R

A non conducting ring of radius 0.5 m carries a
total charge of 1.11 x 1070 C distributed non-
uniformly on its circumference producing an

electric field E everywhere in space. The value

of the line integral J'IZO —g. dl(l = 0 being
|=c0

centre of the ring) in volts is

(a) +2 (b) -1

(c)-2 (d) zero

A charge +q is fixed at each of the points x =
X0, X = 3 Xo, X = 5Xo.... Upto infinity and a
charge —q is fixed at each of the points x = 2x,
X = 4xp, X = 6x0 .....upto infinity. Here xo is a
positive constant. The potential at the origin to
this system of charges is

by 9
(a) #ero ( AmtggXg IN(2)

q) 4In@
4megXg

(c) infinity
A particle of mass m and charge q is released
from rest in a uniform electric field E. The
kinetic energy attained by the particle after
moving a distance x is
(@) gEx?

(c) gEx

(b) qE2x
(d) g2Ex

26.

27.

28.

29.

30.

There is a uniform field of strength 103 Vm™
along the y-axis. A body of mass 1 g and
charge 107¢ C is projected into the field from
the origin along the positive x-axis with a
velocity of 10 ms™. Its speed (in ms?) after 10

second will be (neglect gravitation)
(b) 542
(d) 20

(a) 10

(©) 10+2
Eight charged water drops each with a radius
of 1 mm and a charge of 10710 C coalesce to

form a single drop. What is the potential of

the big drop?
()36 V (b) 360 V
(c) 3600 V (d) 36000 V

A charge having magnitude q is divided into
two parts q and (Q - q) which are held a
certain distance r apart. The force of repulsion

between the two parts will be maximum if the

ratio q/Q is
@ 3 (b) 2
© 3 (@ 3

Two spheres of radii r and R carry charges q
and Q respectively. When they are connected

by a wire, there be no loss of energy of the

system if
(@) gr = QR (b) qR = Qr
() qr* = QR? (d) qR2 = Qr2

A uniform electric field pointing in positive x-
direction exists in a region. Let A be the origin,
B be the point on the x-axis at x =+1 cm and C
be the point on the y-axis at y = +1 cm. Then
the potentials at the points A, B and C satisfy:
(@) VA< Vs (b) Va> Vs

(c) Va<Vc (d) Va>Vc




31.

32.

33.

34.

35.

Two equal point charges are fixed at x = —a
and x = +a on the x-axis. Another point
charges Q is placed at the origin. The change
in the electrical potential energy of Q, when it
is displaced by a small distance x along the x-
axis, is approximately proportional to

(a) x (b) x2

(c) x3 (d)1/x

An infinite number of charges, each equal to q,
are placed along the x-axis at x =1, x =2, x =
8,... and so on. The potential at the point x =0

due to this set of charges is

() L (b) L
(C) 37‘?80 (d) 4:80

The flux of electric field E = 200 i NC71
through a cube of side 10 cm, oriented so that
its faces are parallel to the co-ordinate axes is
(a) zero (b) 2 NC 1 m?

() 6 NC1m? (d) 12 NC1 m2

The electric field in a region is given by
E=(2i+3})x 102 NC

The electric flux through a rectangular surface

10 cm x 20 cm held parallel to the y-z plane is

(a) 40 NC1ma2 (b) 50 NC* m2

(c) 60 NC1 m2 (d) zero

Three negative point charge —q each, the three

positive point charges +q, +q and +Q are

placed at the vertices of a regular hexagon as

shown in figure. For what value of Q will be

electric field at O to due to the five charges at

A, B, D, E and F be twice the electric field at
centre O due to charge Q at C along?

@q

36.

37.

38.

Three infinite long plane sheets carrying
uniform charge densities

o1=-0,02=+2cand o3 = + 30
are placed parallel to the x-z planeaty =a, y =
3a and y = 4a as shown in figure. The electric
field at point P is

(a) zero y .
y =4a

(b) _2_(5} o3=+30

80 /y=3a
36"
(c) —S—J y=a
° / 01 =—C

(d) —i 0 X

o2 = +2G6

The spatial distribution of the electric field due
to two charges (A, B) is shown in figure.
Which one of the following statements is

correct?

(@) Ais+veand Bis—veand |A| > |B|
(b) Ais—veand Bis +ve, |A| = |B|

(c) Both are +ve but A > B

(d) Both are —ve but A > B

A square surface of side L metre is in the plane

of the paper. A uniform electric field E
(Volt/m), also in the plane of the paper, is
limiting only to lower half of the square
surface. The electric flux in SI units associated

with the surface is:

(a) EL2

(b) EL2/2¢0 _

(c) EL2/2 f — 4
(d) zero i —
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41.

An uncharged metal sphere is placed between
two equal and oppositely charged metal

plates. The nature of lines of force will be:

(@)

+ 4+t
A\ 4 \ 4
v v
[

—_~

o

N
4+t
T o101t

1

:

(d)

4+ 4+ ++

Charge is distributed uniformly on the surface

of a spherical balloon (an insulator) with a

point q inside. The electric force on q is greater

when:

(a) it is near the inside surface of the balloon

(b) it is at the centre of balloon

(c) it is anywhere inside (the force is same
everywhere and is non-zero)

(d) it is anywhere inside (the force is zero
everywhere)

The electric potential V at any point (x, y, z)

(all in metre) in space is given by V = 4x2 volt.

The electric field at the point (Im 0, 2m) in

volt/ metre is:

(a) 8 along negative x-axis

(b) 8 along positive x-axis

(c) 16 along positive x-axis

(

d) 16 along positive x-axis

42.

43.

44.

45.

Two identical metal balls A and B of radius r
rare placed at a distance a (a >> r) from each
other and are charged. Potential at A is Vi and
at B is Va. The charge qi1 and g2 on these balls

in CGS esu are:

Vv, +aVv, Vv, +av,
Aq=—— = ———
@q r? +a? 4 r? +a?

r--a r‘--a
av, v,
C)q1 = Q2 =
©q ) T 7l
rv rv
d 1=——*L—,2=——4L—
d)q ) T 7

The electric potential in a certain region of
space is given by V = -3x2 + 4x, where x is in
metre and V is in volt. I nthe region, the
equipotential surface are:

(a) plane parallel to y-plane

(b) planes parallel to yz-plane

(c) concentric cylinders with axis as x-axis

(d) concentric spheres with axis as x-axis

A charge soap bubble of radius r is in
equilibrium with pressure inside and outside
equal. If T is the surface tension of soap

solution, then potential of the soap bubble is:

(@) 8Teg/r (b) \8Tr/gq

(c) 8Treg (d) None of these

Ten electrons are equally spaced and fixed
around a circle of radius R. Relative to V = 0 at

infinity, the electrostatic potential V and the
electric field E at the centre C are:
@ V#0and E 20 (b)V=0and E =0

()V=0and E 0 (d)V=0andE =0




46.

47.

48.

A system consists of two thin concentric
metallic shells of radii R; and R> (R1 > Rz) with
corresponding charges qi and qu. The total

electric energy of the system is:

(a (q1+q2)2 b q%
4nggRy 4nggR,

o @+ 4 L%, 9 ag
47580R2 4TESO 2R1 2R2 RZ

Find the potential difference between the
points E and F as shown in the figure. Assume

E and F are the mid-points of AB and DC

respectively:
[ 6cm |
+ f +
a A E B g
D F C
+q/2 f +q/2

(@) (1.2 x10° q) volt
(b) (1.8 x 10 q) volt
(c) (10° q) volt

(d) (1.5 x 10° q) volt
(e) (3 x10°q) volt

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:

q q
A B
D C

—q —q

(@) E changes, V remains unchanged
(b) E remains unchanged, V changes

(c) both E andV charge

(d) E and V remain unchanged

49.

50.

Positive and negative point charges of equal
magnitude are kept at [0,0,%) and (0,0,%}

respectively. The work done by the electric
field when another positive point charge is
moved from (—a, 0, 0) to (0, a, 0) is:

(a) positive

(b) negative

(c) zero

(d) dependent on the path connecting the
initial and final positions

Eight charges, each of magnitude q are placed
at the vertices of a cube placed in vacuum.
Electric potential at the centre of the cube due
to this system of charges is: (g0 is permittivity

of vacuum and a is length of each side of the

cube)
29 4q
a b
(@) - (b) Tonooa
(c) zero d @
TCSOa
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