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Q1

Q.2

Q.3

Q.4

Section A (MCQ) — 42 questions

Two point charges q; = 3 pC and g, = -4 pC are
placed at points (2{+3j+3k) and (i+]+k)

respectively. Force on charge q, is N. (Take
1. 9 -

ey 9x 107 SI Units)

(1) (12i+24j +24Kk) x 1073

(2) (4i+8j+8k) x 1073

(3) (3i+6j+6k) x 1073

(4) (-4i-8j-8Kk) x1073

A thin half ring of radius 35 cm is uniformly
charged with a total charge of Q coulomb. If the
magnitude of the electric field at centre of the half

ring is 100 V/m, then the value of Q is nC.
(g0 = 8.85 x 10712 C¥Nm? and n = 3.14)
(1)2.14 (2)2.44 (3)3.25 (4)0.7

[El#

A rigid dipole undergoes a simple harmonic motion
about its centre in the presence of an electric field
I:fl =EoX. If another electric field Ez =2Eg(y+2) is
introduced to the system, what will be the
the

percentage change in the frequency of

oscillation (approximate)?
(1) 73% (2) 63%

(3)83%  (4)53%

[=

&
Two short electric dipoles A and B having dipole
moment p; and p, respectively are placed with their
axes mutually perpendicular as shown in the figure.
The resultant electric field at a point x is making an
angle of 60° with the line joining points O and x.
The ratio of the dipole moments p,/p; is

Q.5

Q.6

Q.7

V3

O

2)2y/3 @ V3

® %

2

Two point charges 8 pC and -2 pC are located at
x = 2 cm and x = 4 cm, respectively on the x-axis.
The ratio of electric flux due to these charges
through two spheres of radii 3 cm and 5 cm with
their centers at the origin is

(H4:1 2)3:4

(3)4:3  (4)4:5

Identify the correct statements :

Choose the correct answer from the options given

below :

A. Electrostatic field lines form closed loops.

B. The electric field lines point radially outward
when charge is greater than zero.

C. Gauss's law is valid only for inverse-square
force.

D. The work done in moving a charged particle in a
static electric field around a closed path is zero.

E. The motion of a particle under Coulomb's force
must take place in a plane.

(1) A, C, E Only
(3)B, C, D, E Only

(2) A, B, D, E Only
(4) A, B, C, D Only

The electrostatic potential in a charged spherical
region of radius r varies as V = ar® + b, where a and
b are constants. The total charge in the sphere of
unit radius is o x nag,. The value of a is
(permittivity of vacuum is &)
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(1) -12 (2)-8 3)-9
Q.8 Three charges +2q, +3q and -4q are situated at

Q.9

Q.10

(0, —3a), (2a, 0) and (—2a, 0) respectively in the xy
plane. The resultant dipole moment about origin is

(2) 2qa(3j-7i)
(4) 2qa(3j-i)

(1) 2qa(7i - 3j)
(3) 2qa(3i-7j)

Two point charges 2q and q are placed at vertex A
and centre of face CDEF of the cube as shown in
figure. The electric flux passing through the cube is:

B C
D
A
2q °
q
G F
H E
3q 3q q 3q
® o7 03] P 3 % 4) %

Two short dipoles (A, B), A having charges + 2 puC
and length 1 cm and B having charges + 4 pC and
length 1 cm are placed with their centres 80 cm
apart as shown in the figure. The electric field at a
point P, equi-distant from the centres of both dipoles
is N/C.

+
- +
B ..................... [ YITETITTT o ————@0 -
P A
—® 80 cm
(1) —2+/2 %108 @) —/2 x 104
16 16
(3) 9y/2 x 10 (4) 4.5y/2 x 10%

Q.11

Q.12

Q.13

A simple pendulum has a bob with mass m and
charge q. The pendulum string has negligible mass.
When a uniform and horizontal electric field E is
applied, the tension in the string changes. The final
tension in the string, when pendulum attains an
equilibrium position is

(1) mg - qE (2) Vm’g* +q’E?

(3) mg + qE (4) Vm’g> - q’E?

Six point charges are kept 60° apart from each other
on the circumference of a circle of radius R as
shown in figure. The net electric field at the center
of the circle is

(gq is permittivity of free space)

qQ
x(i)
+Q
0 (g )63
@) V31D
@ - 4HSOR2(\/§€—§)

5 - ~
@) g5+ /3)

An infinitely long wire has uniform linear charge
density A = 2 nC/m. The net flux through a Gaussian

cube of side length \/5 cm, if the wire passes

through any two corners of the cube, that are

maximally displaced from each other, would be

x Nm? C!, where x is:

[Neglect any edge effects and use L 9x10° SI
4T[€0

units]

(1)6.48n  (2)0.72n

(3) 1.44n  (4)2.16n

Vour Potential Unlocked
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Q.14

Q.15

Q.16

Q.17

A dipole with two electric charges of 2 pC
magnitude each, with separation distance 0.5 pm, is
placed between the plates of a capacitor such that its
axis is parallel to an electric field established
between the plates when a potential difference of
5 V is applied. Separation between the plates is
0.5 mm. If the dipole is rotated by 30° from the axis,
it tends to realign in the direction due to a torque.
The value of torque is:

(1) 2.5 x 10° Nm
(3)5x 10 Nm

(2)2.5%x 102 Nm
(4)5x10° Nm
[El g =]

¥
=

ol

Two infinite identical charged sheets and a charged
spherical body of charge density 'p' are arranged as
shown in figure. Then the correct relation between
the electrical fields at A, B, C and D points is:

+0 +0

+ +

+ P, |+

+ +

S O S-S L I

+ i e 1+
<> v<—>
2cm [T + +2 cm

+ +

+ +

(1) |Eal=|Esl; Ec > Ep
(2) Ea=Eg; Ec=Ep
(3) Ec #Ep; Ea > Ep
(4) Ea > Ep; Ec=Ep

Two small spherical balls of mass 10 g each with
charges —2 pC and 2 pC, are attached to two ends of
very light rigid rod of length 20 cm. The
arrangement is now placed near an infinite
non-conducting charge sheet with uniform charge
density of 100 pC/m? such that length of rod makes
an angle of 30° with electric field generated by
charge sheet. Net torque acting on the rod is:

(Take g, = 8.85 x 10712 C>/Nm?)

(1) 1.12 Nm
(3)11.2 Nm

(2) 2.24 Nm
(4) 112 Nm

A metallic ring is uniformly charged as shown in
figure. AC and BD are two mutually perpendicular
diameters. Electric field due to arc AB at'O' is 'E' in
magnitude. What would be the magnitude of electric
field at 'O' due to arc ABC ?

Q.18

Q.19

Q.20

(1) 2E @) Zero  ()ER2 @ V2E
PiEE

v

Consider two infinitely large plane parallel
conducting plates as shown below. The plates are
uniformly charged with a surface charge density +o
and —20. The force experienced by a point charge
+q placed at the mid point between two plates will

be:

d/2 d/2
@<c—>
+q
+0 -20
30q 30q oq oq
(1) 480 (2) 280 (3) 480 ( ) 280

A point charge +q is placed at the origin. A second
point charge +9q is placed at (d, 0, 0) in Cartesian
coordinate system. The point in between them
where the electric field vanishes is:

(1) (3d/4, 0, 0)
(3) (4d/3, 0, 0)

(2) (d/4, 0, 0)
(4) (d/3, 0, 0)

A small bob of mass 100 mg and charge +10 pC is
connected to an insulating string of length 1 m. It is
brought near to an infinitely long non-conducting
sheet of charge density 'o' as shown in figure. If
string subtends an angle of 45° with the sheet at
equilibrium the charge density of sheet will be:

F
(Given, g =8.85x10712 o and acceleration due to

gravity, g=10 592)

P-3
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Q.21

Q.22

Q.23

>

—O

+o
+10 pC

A+

(1) 1.77 nC/m?
(3) 885 nC/m>

(2) 0.885 nC/m?
(4) 17.7 nC/m>

Consider a circular loop that is uniformly charged

and has a radius a\/E . Find the position along the
positive z-axis of the Cartesian coordinate system
where the electric field is maximum if the ring was
assumed to be placed in xy plane at the origin :

(Da

(2) a/2 (3)0

An electric dipole of mass m, charge q, and length 1
is placed in a uniform electric field E:Eof. When
the dipole is rotated slightly from its equilibrium
position and released, the time period of its

oscillations will be :
1 ml ml
W2V 28, (@) 21/ 2qEq
ml 1 2ml
@) 55/ aEo

3) 21/ E

Match List - I with List - IT.
List -1

List - II

A. | Electric field inside (distance L.
r > 0 from center) of a uniformly
charged spherical shell with
surface charge density o, and
radius R.

o/ggy

B. |Electric field at distance r > 0 II.
from a uniformly charged
infinite plane sheet with surface
charge density o.

0/2¢,

C. |Electric field outside (distance

r > 0 from center) of a uniformly
charged spherical shell with
surface charge density o, and
radius R.

Q.24

Q.25

List -1 List - II

e oR2

D. |Electric field between 2 IV. P
0

oppositely charged infinite plane
parallel sheets with uniform
surface charge density o.

Choose the correct answer from the options given
below :

(1) (A)-(IV), (B)-(1), (C)-(TID), (D)~(I1)
(2) (A)-(ID), (B)-(1), (O)-(1V), (D)-(I11)
(3) (A)-(I1D), (B)-(ID), (C)-(1V), (D)-(D)
(4) (A)-(IV), (B)-(II), (C)-(TII), (D)~(T)

G

A point charge causes an electric flux of
-2 x 10* N m? C! to pass through a spherical
Gaussian surface of 8.0 cm radius, centred on the
charge. The value of the point charge is :

(Given g, =8.85x 1072 C>N'm™?)

(1)17.7x 108 C
(3)15.7x10°%C

(2)-17.7x 1078 C
(4)-15.7x1078C

An electric dipole is placed at a distance of 2 ¢cm
from an infinite plane sheet having positive charge
density o, Choose the correct option from the
following.

1
1
1
+
+
+ @ e Y
-q *q
+
+
1

(1) Torque on dipole is zero and net force is
directed away from the sheet.

(2) Potential energy of dipole is minimum and
torque is zero.

(3) Potential energy and torque both are maximum.

(4) Torque on dipole is zero and net force acts
towards the sheet.

P-4
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Q.26

Q.27

Q.28

A small uncharged conducting sphere is placed in
contact with an identical sphere but having
4 x 1078 C charge and then removed to a distance
such that the force of repulsion between them is
9 x 1073 N. The distance between them is (Take

as 9 x 10% in SI units)
4neg

(1)1cm (2)2cm (3)4cm (4) 3 cm

A point particle of charge Q is located at P along the
axis of an electric dipole 1 at a distance r as shown
in the figure. The point P is also on the equatorial
plane of a second electric dipole 2 at a distance r.
The dipoles are made of opposite charge q separated
by a distance 2a. For the charge particle at P not to
experience any net force, which of the following
correctly describes the situation?

P *q -q
Dipole 1
r
r
2a
+q -q
Dipole 2
) 2a
a a
(1) ~05 @ ~3
d d
(3)-~10 (4) = ~20

A line charge of length % is kept at the center of an

edge BC of a cube ABCDEFGH having edge length
"a ' as shown in the figure. If the density of line
charge is AC per unit length, then the total electric
flux through all the faces of the cube will be

(Take, &, as the free space
permittivity)
F E
A D
G
H
B C

Q.29

Q.30

Q.31

Q.32

Q.33

Aa Aa A\a
M 260 @3] 8 3 5

An electron is made to enter symmetrically between
two parallel and equally but oppositely charged
metal plates, each of 10 cm length. The electron
emerges out of the electric field region with a
horizontal component of velocity 10° m/s. If the
magnitude of the electric field between the plates is
9.1 V/cm, then the vertical component of velocity of
electron is (mass of electron = 9.1 x 107! kg and
charge of electron = 1.6 x 107 C))

(1) 1 x 10° m/s
(3) 16 x 10 m/s

(2) 16 x 10° m/s
40

Five charges +q, +5q, —2q, +3q and —4q are situated
as shown in the figure. The electric flux due to this
configuration through the surface S is :

«+3q

_4q

3
@2

5q
% 3 Py

Ok

o is the uniform surface charge density of a thin
spherical shell of radius R. The electric field at any
point on the surface of the spherical shell is :

(D o/ggR  (2) /gy

(3)0/2e,  (4) oldg,

Two identical conducting spheres P and S with
charge Q on each, repel each other with a force
16 N. A third identical uncharged conducting sphere
R is successively brought in contact with the two
spheres. The new force of repulsion between P and
Sis:

(1N (26N (3)12N (44N

OF

In hydrogen like system the ratio of coulombian
force and gravitational force between an electron
and a proton is in the order of :

P-5
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Q.34

Q.35

Q.36

Q.37

(1) 10¥ (2) 10% (3) 10® (4) 10%

The vehicles carrying inflammable fluids usually
have metallic chains touching the ground:

(1) To protect tyres from catching dirt from ground
(2) It is a custom
(3) To alert other vehicles

(4) To conduct excess charge due to air friction to
ground and prevent sparking

An infinitely long positively charged straight thread
has a linear charge density A Cm™’. An electron
revolves along a circular path having axis along the
length of the wire. The graph that correctly
represents the variation of the kinetic energy of
electron as a function of radius of circular path from

the wire is :
KE KE
1 2
0 r o) > T
KE KE
©)) 4
O—) r 0—) T
EE%E
Cpes]

A charge q is placed at the center of one of the
surfaces of a cube. The flux linked with the cube is:

1) 2%0 (2) Zero  (3) %

C; and C, are two hollow concentric cubes
enclosing charges 2Q and 3Q respectively as shown
in figure. The ratio of electric flux passing through
Cyand G, is :

Q.38

Q.39

Q.40

Q.41

2Q

(1) 3:2 (2) 5:2 (3)2:5 (4) 2:3

I

i

[OFs55 Y

oM C1

Two charges q and 3q are separated by a distance 'r'
in air. At a distance x from charge q, the resultant
electric field is zero. The value of x is :

1+4/3

byt . V3)

3(1+4/3) r
T

3) ——— 4) (1 3
()(1+\/§) @ r(1++/3)

Force between two point charges q; and g, placed in
vacuum at T cm apart is F. Force between them
when placed in a medium having dielectric constant
K =5 at 'r/5' cm apart will be:

(1) 5F (2) 25F

(3)F/5 (4) F/25

EzaiE

[O[E=

A particle of charge '-q' and mass 'm' moves in a
circle of radius 'r' around an infinitely long line
charge of linear charge density '+A'. Then time
period will be given as :

(Consider k as Coulomb's constant)

4m’m 1 m
2 = 3 -
DT =20q" @D T=50V 2i0q
1 /2kMq B m
@T=2V @) T=2m4/ 5154

Two charges of 5Q and -2Q are situated at the
points (3a,0) and (—5a,0) respectively. The electric
flux through a sphere of radius '4a' having center at
origin is :

2 7 3
N R

€0 €0 €o €0

(M
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Q.42  An electric field is given by (6{+ 5] +3Kk) N/C. The

Q.43

Q.44

Q.45

electric flux through a surface area 30i m? lying in
YZ-plane (in SI unit) is :

(1) 60 (2) 90 (3)180  (4) 150

[E7E
Section B (Numerical) — 16 questions

A point charge q = 1 pC is located at a distance
2 c¢cm from one end of a thin insulating wire of
length 10 cm having a charge Q = 24 pC, distributed
uniformly along its length, as shown in figure. Force
between q and wire is N.

1
—_ = 9 2/C2
(Use : 7==9x10° Nm?/C?)

10 cm

The electric field in a region is given by
E=(2i+4j+6k)x103 N/C. The flux of the field
through a rectangular surface parallel to x—z plane is
6.0 Nm?C L. The area of the surface is cm?,

A square loop of sides a = 1 m is held normally in
front of a point charge q = 1 C at a distance %. The

flux of the electric field through the shaded region is

5 1 Nm?
EXE_ (1:11 , where the value of p is
0
%
a
2

Q.46 A positive ion A and a negative ion B has charges

Q.47

Q.48

Q.49

6.67 x 107 C and 9.6 x 107 C, and masses
19.2 x 107%” kg and 9 x 107%” kg respectively. At an
instant, the ions are separated by a certain distance r.
At that instant the ratio of the magnitudes of
electrostatic force to gravitational force is P x 10713,
where the value of P is
(Take SR 9x10° Nm?C™2 and universal

4meg
gravitational constant as 6.67 x 101! Nm? kg™2)

EE

E

An electric field ]:f=(2xf) NC™! exists in space. A
cube of side 2 m is placed in the space as per figure
given below. The electric flux through the cube is

Nm?/C.

AY

E(—Zm-»

' X

<«—2m
Z v -

Bl EaE
=

2i+6j +8k

\/E

area having unit

An electric field, E= passes through the

surface of 4 m? vector

. [2i+j+k . .
n= \/E . The electric flux for that surface is

Vm.

If the net electric field at point P along Y axis is

8
5Vx

qs

zero, then the ratio of is , where x =

4 cm

+qo Hl -q3
2 cm 3 cm

-

Vour Potential Unlocked
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Q.50 Three infinitely long charged thin sheets are placed

as shown in figure. The magnitude of electric field

X0
at the point P is = The value of x is (all
0

quantities are measured in SI units).

Y:

-0 | —20 o
P
)
% 5 X
77 X=-a X=a X =3a
[EIRREE
)
-E v

Q.51 The electric field at point P due to an electric dipole

is E. The electric field at point R on equatorial line

will be % The value of x :

. 9R
=y 10
N S
b
-q 0O +q P
«—T

57

Q.52 An infinite plane sheet of charge having uniform

surface charge density +o, C/m? is placed on x-y
plane. Another infinitely long line charge having
uniform linear charge density +A, C/m is placed at
4 m plane and parallel to y-axis. If the
magnitude values |oy = 2JA,| then at point (0,0,2),
the ratio of magnitudes of electric field values due

7 =

to sheet charge to that of line charge is T[\/H 1.

The value of n is

Q.53

Q.54

Q.55

Q.56

Two identical charged spheres are suspended by
strings of equal lengths. The strings make an angle 6
with each other. When suspended in water the angle
remains the same. If density of the material of the
sphere is 1.5 g/cc, the dielectric constant of water
will be .

(Take density of water = 1 g/cc)

Suppose a uniformly charged wall provides a
uniform electric field of 2 x 10* N/C normally. A
charged particle of mass 2 g being suspended
through a silk thread of length 20 cm and remain
stayed at a distance of 10 cm from the wall.

\/;

Then the charge on the particle will be pC

where x = . [use g = 10 m/s?]

o

&
Two identical charged spheres are suspended by
strings of equal lengths. The strings make an angle
of 37° with each other. When suspended in a liquid
of density 0.7 g/cm? the angle remains same. If
density of material of the sphere is 1.4 g/cm?, the
dielectric constant of the liquid is

o_§>
(tan37 =2

An electron is moving under the influence of the
electric field of a uniformly charged infinite plane
sheet S having surface charge density +o. The
electron at t = 0 is at a distance of 1 m from S and
has a speed of 1 m/s. The maximum value of o if the

. . megp] C
electron strikes S att = 1 s is O([T] per the value

of o is

P-8

Vour Potential Unlocked
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Q.57 A thin metallic wire having cross sectional area of
10™* m? is used to make a ring of radius 30 cm. A
positive charge of 2 C is uniformly distributed over
the ring, while another positive charge of 30 pC is
kept at the centre of the ring. The tension in the ring
is N; provided that the ring does not get
deformed (neglect the influence of gravity). (given,

1

= - 9 ;
e 9x 107 SI units)

Q.58 Two charges of —4 pC and +4 pC are placed at the
points A(1, 0, 4) m and B(2, -1, 5) m located in an

electric field E=0.20{ V/cm. The magnitude of the
torque acting on the dipole is 8\/; x 107> Nm,

where o =
i
O
ANSWER KEY

Section A (MCQ) — 42 questions
Ques. | 1 2 3 4 5 6 7 8 9 | 10 | 11
Ans. 2 1 1 2 3 3 1 1 2 2 2
Ques. | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22
Ans. 3 4 | 4 3 1 4 2 2 1 1 2
Ques. | 23 | 24 | 25 | 26 | 27 |28 | 29 | 30 | 31 | 32 | 33
Ans. 3 2 2 2 2 2 2 4 2 2 2
Ques. | 34 | 35| 36 | 37 | 38 | 39 | 40 | 41 | 42
Ans. 4 4 1 3 3 1 4 4 3

Section B (Numerical) — 16 questions

Ques. 43 44 45 46 47
Ans. 90 15 48 BONUS 16
Ques. 48 49 50 51 52
Ans. 12 5 2 16 16
Ques. 53 54 55 56 57
Ans. 3 3 2 8 3
Ques. 58

Ans. 2
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