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Fundamental constants

k= 4;80 =9.0x10° N.m* /C? (Coulomb constant)

& =28.85x 1012 C?/ (N -m?) (Permittivity of free space)
wo=4n x 107 T .m/A (Permeability of free space)
lel =1.60 x 10" C (Elementary unit of charge)
N4=6.02 x 10% (Avogadro’s number)
g=9.8m/s? (Acceleration due to gravity)
me~=9.11 x 10! kg (Electron mass)

mp=1.67 x 10%" kg (Proton mass)

Prefixes of units

m= 107 p=10"° n=10" p=10"
k=103 M =10° G=10° T=10"

For use by Instructors only

Ques. 1 2 3 4 5 6 7 8 | Questions Total
Marks

Important:

1. Mobiles 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 1. Solve the following problems. Show your solutions in details.

1. Three charges q; = —20 pC, g, = +30 pC, and Q = —40 pC are placed on the xy-plane. Calculate

the net force F,.¢ on Q. y [4 points]
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2. A uniformly charged ring (with charge O = 50 nC and radius a = 0.24 m) with its axis along the

x-axis has its center at origin. A charge ¢ = —20 nC is located at distance 30 cm from the center,

as shown. What is the net electric field Enet at point P? y [4 points]
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3. A line charge of length L = 0.30 m, with charge Q = 15.0 nC distributed uniformly along its length,

lies along the x-axis, as shown. Derive the electric field E at point P that is at distance @ = 0.20 m

from the line charge.

[4 points]
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4. A sphere of radius a = 4 cm has a uniform volume charge density p; = 5 nC/m? and a concentric

spherical shell of inner radius a, and outer radius b = 9 cm has a uniform volume charge density

p, = —13 nC/m3. Find the magnitude and direction of the electric field at a distance r = 7 cm.

q)E — EA Qenc
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enc = qa T 4qr
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_ genc __ —1.39x10711
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G ==m(rd—ad)p, = —1.52 x 10711 C

|E| = 25.4 N/C, inward
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= —25.4N/C

[4 points]



5. Three uniformly charged infinite sheets are perpendicular to the x-axis, as shown below. Sheet 1 has

0, = —10 nC/m? and sheet 2 has g, = 4 nC/m?. If the net electric field is E,,,, = 440 N/C?{ at

point O, what is g3? [4 points]
y
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0; = —13.8 X 107° C/m?
6. Two charges q; = —8 pC, and charge q, = —4 pC are located on the xy-plane, as shown below

(where a = 3 cm). What is the work done by the electric field to bring a proton from infinity to

point P? y [4 points]
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7. A charge q; = —3 uC is fixed at the origin. If g, = —6 pC moves with the initial velocity ¥; = BSO?iat

point A and the final velocity vy = 700 m?i at point B, calculate the mass of g,.

EA=E3_> KA+UA=KB+UB
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[4 points]
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8. A conducting thin spherical shell of radius R = 5 cm is centered at the origin of the xy-plane and has an

electric charge Q = 20 nC. A point charge ¢ = —15 nC is located at the center of the shell. Calculate

the potential difference V, — V5.
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Part I1. Conceptual Questions (each carries 1 point). Tick the best answer.

1. Two charges +¢g and —g are placed along the x-axis, as shown. At which point is the

magnitude of the net electric field largest? 4 B ¢
% @ % ® X
a) A. +q p 4
b) B. (ans) X
c) C.
d) D.

2. An electron is moving with velocity ¥ in the —x direction. Which of the applied electric

fields below may stop the electron?

a) E = —E 1 (ans) —e >
— 1_7) e_ X

b) E= Ei

¢) E=—E j

d)E= Ej

3. A negative charge is distributed uniformly along the circular arc as shown in the

figure. What is the direction of the net electric field at the center of the arc?

a) «
b) \
¢) N (ans)
d) -

4. Two infinitely long wires carrying uniform linear charge densities 4; > 0 and A, are

placed on the xy-plane, as shown below. If the net electric field is zero at the origin O, then

A, must be ya
A Az
a) positive.
b) negative. (ans) 0
» X

c) zero.

d) The same as A;.




5. An infinite sheet of a uniform surface charge o; is placed perpendicular to the xy-plane,

as shown. If the electric field at point A is E 1> then the electric field at point B is

y
. . A
a) EB = EA‘ -
1
b) Ez = —E4. (ans)
S 7 a
c) Ex = 7‘4. <> 4————2—6—1——»){ > x
F: A B
o A

6. A conducting shell carries @ = 8 nC on the outer surface. By adding a point charge

q = 2 nC at the center of the charged conducting shell, what will be the charge on the outer

surface of the conducting shell?

a) qout = 2 nC.
b) gour = 6 nC.
¢) qoutr = 8 nC.

d) qour = 10 nC. (ans)

7. If g moves in a uniform electric field as shown. The work done by the electric field to

move q from A and B via Path 1 is W;, and Path 2 1s W,. What is the relationship between
W, and W,?

a) W, > W,. B >
b) W, < W,. , E
: “Path 1 =
c) Wy = W,. (ans) Path2) e -
d) Wl = _WZ. A ;

8. For a uniform electric field, as shown below, which path has AV = 07?
a) From A to B.

b) From A to C. (ans) Semmmmme- »X

¢) From A to D. D
d) None
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