Electrostatics

Questionl

An electron and a positron enter a uniform electric field £
perpendicular to it with equal speeds at the same time. The distance
of separation between them in the direction of the field after a time '
t'is

( = is specific charge of electron)
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Options:

Z€1ro

Answer: B

Solution:

Acceleration of electron in electric field is
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Acceleration of positron in electric field.

Displacement of electron in electric field
Yo = 0 X t + $at? = —+ L42
Displacement of positron in electric field
Y = %apﬁ = %%ﬁ

The distance of separation between electron and positron

= ’yp - ye’
%eEtZ < 1 eEt? )‘

m 2 m

eEt?

eEt?
m

m

Question2

A charge ¢ is placed at the centre ' O ' of a circle of radius R and two
other charges q and g are placed at the ends of the diameter AB of
the circle. The work done to move the charge at point B along the
circumference of the circle to a point C' as shown in the figure is

C
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Options:

1 2 (L
4meg R \/5
Answer: C

Solution:

The potential at points B and C' due to the charges at O and A

Potential at B

_ q q
VB ~ 4meoR + 4meg2R

Potential at C

_ _q q
V:f  4dmwegR + 47r50\/5R
Work done
W =q(Ve—Vp)

q + q
dregR 47r€0\/§ R

=4q
_ q _ q
( dreoR 4men2R )

¢ [1 1
~ 4me R [ /2 2
¢ V21
~ AmgoR | 2
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Question3

For any fixed distance, the electromagnetic force between two
protons is 10" times of the gravitational force between them. Then,

n—=
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A.

26

B.

13

C.

39

D.
36

Answer: D

Solution:

The electromagnetic force between two protons is much stronger than the gravitational force between them.

Let F, be the electromagnetic force, and F| be the gravitational force.
According to the problem: F, = 10"F

We write the formulas for both forces:

1 e
2

Electromagnetic force: F, = &

. . 2
Gravitational force: Fy = G:J

Replace Fe and F} in the equation: 47150 i—; = 10"6;—”212

2

Since 7¢ is on both sides, it cancels out:

1 2 n 2
T € = 10"Gm

Solve for 10™:
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2

10" = 1 e

47!'80 sz

Now, use the constants:

1 —9x10°

dne,

Charge of proton, e = 1.6 x 10
Gravitational constant, G = 6.67 x 107!
Mass of proton, m = 1.67 x 10727

Plug in the values:

10" — 9x10%x (1.6x107*%)?
T 6.67x 107 M x (1.67x10727)2

Calculate the numerator: 9 x 10% x (1.6 x 107)2 =9 x 10% x 2.56 x 1073 = 2.304 x 1028
Calculate the denominator: 6.67 x 107! x (1.67 x 1072")2 = 6.67 x 1071 x 2.79 x 1075 = 1.86 x 1075

. . —28
Divide the values: % = 1.23 x 10%

This means 10" = 1.23 x 103, so n = 36.

Question4

A thin spherical shell of radius R and surface charge density o is
placed in a cube of side 5 R with their centers coinciding. The electric
flux through one face of the cube is (¢ = Permittivity of free space )
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2nR%o
380

mR2o
3e 0
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D.
—2 __
471'60R2

Answer: A

Solution:

Total charge on spherical shell.
Q=0cA=c0 (471'R2) = 47R%
According to Gauss's law total electric flux through a closed surface.

¢: Q — 47 R2%0

€0 €0

.. Flux through one face

¢ _ ¢ _ 4AnR%s __ 2nR%
1=796 = "6, — 35

Question5

The electric flux due to an electric field E = (8i + 13j)NC ™
through an area 3 m® lying in the X Z-plane is
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Options:

A.39 Wb
B. 24 Wb
C. 63 Wb
D. 15 Wb

Answer: A

Solution:

Given,
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E = (8i + 13j)N/C
A=3m?

¢ =7

.. Area is lying in the X Z-plane, so vector component of area,
A =3j

Now,¢p = E- A

¢ = (81 + 13j) - (3j)

¢ = (0 +39)Wb
é = 39 Wb
Question6

A proton and an a-particle are both accelerated from rest in a
uniform electric field. The ratio of work done by the electric field on
the proton and the a-particle in a given time is
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Options:
A.l:1
B.1:2
C.1:4
D.4:1

Answer: A
Solution:

The work done by an electric field on a charged particle is determined by the equation W = F' - s, where F' is
the force exerted by the electric field and s is the displacement of the particle.

The force F' can be expressed as F' = qF, where q is the charge of the particle and FE is the electric field
strength. The displacement s can be determined using the kinematic equation s = %atQ, where a is the
acceleration and ¢ is the time.
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Substituting these into the work formula gives:

W=F-q-: %at2

Since both the proton and the alpha particle are in the same electric field and experienced for the same time:
Wxgq-a

Let's denote:

W17 as the work on the proton,

W3 as the work on the alpha particle.

Hence,
W @
W, g2a3

For the proton:
q=1C,

The acceleration a; = % (where m is the mass of the proton).

For the alpha particle:
g2 =2C,
The acceleration a; = EﬁQ) =Z

Substituting these into the work ratio equation yields:

wo_ Ly
Wg - 27%
Simplifying,

W, _ 1 —1 -
Mm=lx2=1:1

Thus, the ratio of the work done by the electric field on the proton compared to the alpha particle is 1 : 1.

Question7

Two point charges —10uC and —5uC are situated on X-axis at

z = 0and z = v/2 m. The point along the X-axis, where the electric
field becomes zero is
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Options:

Az=(V2-1)m
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B.z=2(v/2—-1)m
C.z=2(+v2+1)m

D.z=(v2+1)m

Answer: C

Solution:

Q1= —10uC, Q2 = +5uC

x:O,w:\/im

L 8|
Q; Q; P
€ >

Net electric field is zero at point P

_ k@] k@
FE = 5+ - =0

~10uC)k C
(1(;/;) T

oy 0

+2 1

2 (z—/2)?2

Square root both side

V2 1

T (z-V2)

V2(z —V2) ==z

z(V2-1) =2

2
V2-1

Rationalize the denominator

Tr =

2 V2+1
V2-1 V2+1

xr=

z=2(v/2+1)m
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Question8§

Two point charges of magnitudes —8uC and +32uC are separated
by a distance of 15 cm in air. The position of the point from —8uC
charge at which the resultant electric field becomes zero is
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Options:

A.15cm

B.30 cm

C.7.5cm

D.5cm

Answer: A

Solution:

From the diagram,

-8 uC +32 e¢m

1
L

15 cm

K(@8)  K(32)
22 (15+=z)?

(direction of

attraction/repulsion is considered)

N 1 4
2 (15 + )2
N 1 2
z 15+«

= 1b+x=2x

= x=15cm

From —8uC charge
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Question9

Two positive point charges are separated by a distance of 4 m in air.
If the sum of the two charges is 36..C and the electrostatic force
between them is 0.18 N, then the bigger charge is
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Options:
A. 30uC
B. 18uC
C. 20uC
D. 16uC

Answer: C

Solution:

— am A
A B
g1 gz

Given, Distance of separation, r = 4 m
r? =16 m

Sum of two charges

q1+q2 = 36uC
=36 x 107°C
F=0.18N

Coulomb's law,
F=K%%

Here, g5 = 36 x 107¢ — ¢4

Thus, 0.18 = 8.98 x 10° x W
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Solving quadratic equation,

q = 36x10~°+
\/(36X1076)2_4X 80.;9188:11069
36 x 1075+
q1 = >
-6 2.88
V(36 x 1079) — 4 28

g1 =198 x 10°°C
g1~ 20.8 x 107°C

q1 = ZOMC

Question10

The electric field and electric potential at a point due to a point
charge are 500NC ' and 30 V respectively, then the magnitude of
the charge is
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Options:
A.1.3x10°°C
B.3 x 10 12C
C.2 x 10719
D. 1.6 x 1072°C
Answer: C

Solution:

To determine the magnitude of the charge, we have the following given information:
Electric field E = 500 N/C
Electric potential V' = 30V

First, we use the formula for the potential gradient, which relates the electric field and potential through the
distance x from the point charge:

Vv
E=Y
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Solving for z:
— 30 __
T = £; =0.06m
Now, we employ the formula for the electric potential due to a point charge:

V=-L4

47eg z
Substitute the known values to solve for the magnitude of the charge g:

_ 9x10Y
30 = o6 X q

Rearranging gives:

g=2EEE =2x1071C

Thus, the magnitude of the charge is:

2x10710C

Questionll

A clock dial has point charges —q, —2q, —3q,......... , —12q at the
positions of the corresponding numbers on the dial respectively. The
time at which the hour's hand points the direction of the net electric
field at the centre of the dial is(Assume clock hands do not influence
the net electric field)
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Options:
A.8:30
B.9:30
C.10: 30
D.12: 30

Answer: B

Solution:

Given,

"'The charges corresponding to number's of a clock —¢q, —2q...12q.
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Electric field is given by
E =kq/r>= E x q
Let's take a pair of charges ( —9q and —3q )

-9q -3¢

> —o

E due to -9q E due to -3q

The value of E due to —9q > —3q
and net magnitude = —6q = Ej
Same goes for all pairs with magnitude of (—6q).
The angle between each field,
360° o
0= =5 =30

From the property of vector addition, if two equal vector is separated by 120°, then resultant vector is same
as initial vector.

For making 120°, take vector 1 to vector 5 Resultant of vector 1 and 5 = Ey = Vector 3 direction.
Resultant of vector 2 and 6 = Ey = Vector 4 direction

Now, vector (1 and 5) and (2 and 6) are eliminated

Now, vector 3 = Ey+ Ey = 2E)

Vector 4 = Ey+ Eg = 2Ey

Vector 3 denotes 10 AM

Vector 4 denotes 9 AM
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So, the resultant vector of 9 AM and 10 AM is in midway direction.

re., 9:30.

Question12

The electric potential at a place is varying as V' = % (y2 — 4:1:) V.
Then, the electric field atz = 1mand y =1 m is
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A. (20 +]))Vm !

B. (—2i+j)Vm™!

C. (21 — j)Vm_1

D. (—2i+2))V m™*

Answer: C

Solution:

The electric field E is related to the electric potential V' by the following relation:
o _ vV:E , VL Vi
E=-VV=— (%z—ka—y]%—glc)

Given the potential V = = (y? — 4z), we need to find the partial derivatives with respect to z and y.

o=

Partial derivative with respect to z:
v 9 11 1
% = oz —42)] = 3(-4) = 2

Partial derivative with respect to y:
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v _ o
S = —42)] = 5(2) =y

Now, let's plug these into the formula for the electric field:

E=—(9i+90)) = —(-2i+yj) =2 - 1)

We need to find the electric field at the point £ = 1 m and y = 1 m. So, we substitute y = 1 into the equation:
E=2—(1)j= (21—} V/m

So, the correct answer is:

Option C: (2i — ) V/m
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