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Fundamental constants

1

k= =9.0x10° N.m* /C’ (Coulomb constant)

4me,
& =8.85x10"2C?/ (N -m?) (Permittivity of free space)
o =4n x 107 T .m/A (Permeability of free space)
lel =1.60x 10 C (Elementary unit of charge)
N4=6.02 x 10%3 (Avogadro’s number)
g=9.8 m/s? (Acceleration due to gravity)
me=9.11 x 103! kg (Electron mass)
mp=1.67 x 10?7 kg (Proton mass)
Prefixes of units
m=10°  p=10° n=10" p=10"2
k=103 M =10° G=10° T=10"

For use by Instructors only
Problems 1 2 3 4 5 6 7 8 | Questions | Total

Marks

Instructions to the Students:

1. Mobile or other electronic devices are strictly prohibited during the exam.
2. Programmable calculators, which can store equations, are not allowed.

3. Cheating incidents will be processed according to the university rules.




PART I: Solve the following problems. Show your solutions in detail.

1. Three point charges q; = 20 nC, q, = —15nC, and g3 = 10 nC are placed on the xy-plane, as

shown in the figure. Find the net electric force ﬁ3 acting on qs. [4 points]
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F, = "2 (0.8(+1) + 0.6(+/)) = 1.69 X 107* N(+1) +
23

1.27 x 107 N(+j)

F=F +F, = 1.1x10"5N(—i) 4+ 1.27 x 10~* N(+))

2. A proton is released from rest at the origin between two oppositely charged parallel plates with

uniform surface charge density +0 = +17.7 nC/m? and —o = —17.7 nC/m?. Calculate the

ya

[4 points]

—0

kinetic energy that the proton acquires when it reaches the plate. Take a = 10 cm.
+o
E =— = 2000 N/C(+%)
& +
F=qE=ma:>a=%=1.92 x 1011m/s? H
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v =v3, +2aAx = v, =196 x10°m/s mEmTT
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K= %mvf =32 x 10"V
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3. A positive charge O = 5 nC is distributed uniformly over a ring of radius @ = 5 cm. A point charge

@1 = —10 nC is placed at the center of that ring as shown in the figure. Calculate the net electric

force 13)'2 acting on charge q, = +5 nC placed at the origin O. [4 points]

s

Epoint = 12 (+1) = 9000% (+1)

point — 2

)

kox __ (—p) = 3219.94% (-1

ring = (aZ+x2)3/2

)

= - N A
Enet = Epoint + Ering = 5780 E (_H')

E,, = q2Ener = 2.89 X 1075 N (+1)

4. A charge Q = 30 uC is uniformly distributed along a rod of length L = 1.0 m on the x-axis, as

shown. Calculate the electric field at point P. Take a = 10 cm, b = 20 cm. [4 points]
y
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5. Three large sheets carry uniform surface charge densities o; = +1.77 C/m?, o, = +0.885 C/m?,
and o3 = —3.54 C/m?. Find the net electric field E at point P. [4 points]
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= —5x 101°N/C (+10) -

6. A cube of sides L = 10 cm as shown in the figure, is placed in a space with a uniform electric field.
The magnitude of the electric field is 3 X 103N/C and it is parallel to xy-plane at an angle of 60°
from the y-axis. What is the electric flux though each of the faces (left, right, top, bottom, front and
back) of the cube? [4 points]

O = E-A= EAcos ¢
cI)front+back = EL?c0os90° =0

2

@y = E L? cos 30° = +25.98 N%
2
Drigne = E L? cos 150° = —25.98 N%

2
®;,p = E L?* cos60° = +15 N%

2
Dpottom = E L? cos120° = —15 N%



7. A non-conducting sphere has radius @ =25 cm and it is concentric with a spherical surface of radius
b =40 cm. The sphere has a uniform volume charge density p = 100 nC/m3 and outer spherical
surface has a uniform surface charge density o. At a distance 50 cm from the center, the magnitude

of the electric field is 50 N/C and it points towards the center. Find the value of o. [4 points]

FE-dA = Lene

€o
4 .3 2
p-mta’+o 4mb
E4mr? =—="——
€o

o =—3.95x 10" C/m?

8. Two concentric spherical surfaces have radii @ = 5 cm and b = 8 cm, and uniform surface charge
densities 0, = +7 nC/m?, and g, = —10 nC/m?, respectively. Find the magnitude and direction

(inward or outward) of the electric field at a distance » = 10 cm from the center. [4 points]

FE-dA = Lene

€0

Oq (4n'a2)+ op (471'b2)

€0

E 4nr? =

Qenc. = O-a(4'77:a2) + O-b(4'77-'b2) = —0.584 nC
E = 5254 N/C

E is inward.



PART II: Conceptual Questions (each carries 1 point). Tick the best answer:

1. The electric field at a point in space is the measure of

a) the electric force per unit charge at that point.
b) the electric force on any charge at that point.
c) the electric force per unit mass at that point.

d) the total charge at that point.

2. If two point charges q;and g, are fixed on the x-axis at a distance 2a the net electric field is zero

at point P. Which statement is correct for the charges?

a) g1 +q, =0.

b) ¢, > q, > 0. a a

o @ = a. al ....................... : ......................... ,C.Iz
d) g1 > |qz|.

3. A positive charge is uniformly distributed around a semicircle. The electric field produced at the

origin is in

y 4
o Q
a) the +x-direction.
b) the —x-direction.
¢) the +y-direction. a
d) the —y-direction. 0 x

4. Which statement is true about electric field lines?
a) Electric field lines are always straight.
b) Electric field lines do not intersect with each other.
c) Electric field lines are always parallel to each other.

d) Electric field lines are always perpendicular to each other.



5. A charge Q is uniformly distributed through a cube of side L. The volume charge density of the

cube is:

a) p=%.

b) sz%.

c) p=6%.
d) p=(2‘£)3.

6. Which of the following figures shows the electric field magnitude £ as a function of the distance r

for a uniformly charged conducting sphere of radius R?

\4
\ 4
\4

7. The figure shows a spherical conductor with total charge Q. Which relation is correct for the magnitude of

electric field at points 4 and B?

a) E, > Ep. A

b) Es < Ep.

) Eq+Eg>0. g

d) E,=Ejg. —’//////

8. A conductor has a net charge of 20 nC and a point charge g = +5 nC is placed in its cavity, as

shown in the figure. The charge on the outer surface of the conductor is:
a) 25nC.
c¢) 10nC.

d) 5nC.




