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Fundamental constants

1

k= e, =9.0x10° N.m?/C? (Coulomb constant)

& = 8.85 x 1012 C2/ (N -m?) (Permittivity of free space)
to =4m x 107 T .m/A (Permeability of free space)
lel =1.60x 10°C (Elementary unit of charge)
Na = 6.02 x 107 (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" kg (Proton mass)

Prefixes of units

m =103 p=10° n=10° p=107"2

k=103 M = 10° G =10° T =10%

For use by Instructors only

Prob. 1 2 3 4 5 6 7 8 Total
Marks

Ques. 1 2 3 4 5 6 7 8 Total Grand 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 I. Solve the following problems. Show your solutions in detail.

1. Three charges g; = 4.0 uC, g, = —2.0 uC, and g3 = 5.0 pC are placed on the xy-plane. What is the net

force F on q:1? [4 points]
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Fy, = daitl _ Q08I0 X209 N = 045N a1
i 0.40
- - =
k 9x109x4x1076x5x1076
Fig =-—4% - X2 X% %7 N=0.72N e
{3 0.50 <
F. = —F;3cos61=—0432N 1{ - o
3 cm
E, = (Fi3sin 6 — F;3)j =(0.576 — 0.45) j = (0.126 N) 2 q3 X
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2. An infinite line charge with uniform linear charge density A = —4.0nC/m lies along the
x-axis. A point charge g = —8.0 nC is located above it, as shown. What is the net electric field, E, at point
P,ifa =0.40 m? [3 points]
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3. A small ball with charge ¢ = —3.0 nC and mass m = 6.0 x 10~8 kg hangs from the ceiling by an insulating
massless string of length L = 30 cm. When the uniform electric field E= (=100 N/C) 7 is applied, the
[4 points]

string makes an angle 6 with the vertical line. What is the angle 67

F=|q|E
E, =|q|E —Tsin0 =0 - Tsinf = |q|E (1)

F,=Tcos0 —mg=0 -Tcosd =mg (2)

Dividing Eq. (1) by Eq. (2): tang =2
_ —1(lalEY _ —1 (3.0x1079x100Y _ o
6 = tan (mg) = tan (6.0x1o—8x9.8) = 27.03

4. A line charge of length L = 0.40 m, with charge Q = —12.0 uC distributed uniformly along its length,
lies along the x-axis at a distance a = 0.20 m from the origin, as shown. Derive the formula for the electric

field, E, at the origin due to the line charge. What is the magnitude and direction of the electric field?

A1=2="2K_ _30%x1075C/m
L 0.40 m
—> kd k/'Ld
= a+L k|Aldx .
E =fa 1
_ 114+ _ el .
= klAl [—;]a = kil [; - ] = ks
E = (9.0 x 105 N/C) §

[4 points]



5. A sphere of radius a = 0.10 m with a uniform volume charge density p = +5.20 pC/m? is inside a
concentric conducting shell of inner radius b = 0.20 m and outer radius ¢ = 0.30 m, as shown. The net
charge on the shell is q,.; = —30.0 nC. What is the net electric field E at a distance r = 0.40 m from the

centre of the sphere?
[4 points]

4 3
Gspn = 3ma’p =218 x 1078 € = 21.8nC

Qenct = (21.8 —30.0) nC= —8.2nC
Qe

E = k% = —-461N/C

Direction: inward

6. Three large non-conducting sheets carry uniform charge densities o, = —3.54 nC/m? and
0, = +7.08 nC/m? and o5. What is the sign and magnitude of o5 so that the net electric field at point P is

E =(300N/C)} ?

2 _loal o 3.54x10™% C/m2 _
17 260 7 7 2x885x10712C2 / (N-m2) (200 N/C)

J

2 _loal o 7.08x10~° C/m2 _

E, = &0 ] = 2x8.85%x10-12 C2 / (N-m2) _ (400 N/C)

J

E,+ E, + E; = (300N/C) j

(200 N/C) j +(400 N/C) j + E5 = (3003) f
Ey = (-300N/Q)j =3*]

0; = —5.31 nC/m?; (sign = negative)

A [4 points]
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7. A charge gq; = 3.5 uC is held at rest. Another charge g, = —2.4 uC of mass m = 2.0 x 10712 kg moves

away from g, with a speed of v = 3.6 x 10° m/s when it is at a distance 0.30 m, as shown. At what distance

from q; will g, stop momentarily? [4 points]
a1 q:
Ki + Ui = Kf + Uf ““““““ ‘ """""""" '.—> -----
l‘mviz+kw=l‘mvf2+kM 0.30 m v
2 i 2 rf €--------mm - >
0.13] — 0.252] =0 + k%
f
rr= 0.62m

8. Two charges Q; = —5.0 uC and Q, = 8.0 uC are located, as shown. How much work is done by the electric

force to move a charge q = 2.0 uC from point A to point B? Given, a =0.20 m. [5 points]
4
V, = k& 1 @
a a r>~a
=—-225%x10°V+3.60x10°V=135x10°V al TN
Q1 Q> : e
Vg =k k—— >
5= 05a " “05a $B %A
=—45x105V+72%x10°V =27 x alzy -
10°V L 3
0. ®
W =—AU = —qAV = —q(Vg — V) .
= —2.0 uC)(2.7 - 1.35) x 105 = —0.27J
Since the potential energy increases, the work must be




PART |

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

. . . . . =
1. An electron is moving in a uniform electric field E, as shown, and no other forces are

present in the problem. Assume the electron has an initial velocity v,i. What is the direction

of acceleration, d, of the electron due to the electric field?
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2. At what point is the electric field the smallest in magnitude?

a) A,
b) B.
c) C.
d) D. (ans)
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3. What is the direction of the net electric field at the centre of the square in the figure

shown?

a) /7
b) N (ans)
C) «
d -
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4. A metallic spherical shell has a total charge of +1.0 uC on its outer surface. A charge
+1.0 pC is then placed at the center of the shell. The charge on the outer surface now

becomes:

a) zero.

b) —1.0 pC.

c) +1.0 uC.

d) +2.0 uC. (ans)



5.1f g1 =+2q, 092 = —2q, and g3 = —3q, the net flux through the cube of side L is:

y [\
a) zero.
b) +q/¢.
c) +2qg/¢&,. (ans) L
d) —3q/s. [ e ~
g2 g1 X

/ ‘Q3
Z

6. A spherical shell has a uniform charge density p. Which of the following diagrams
represents the electric field of the shell as a function of distance r from the centre?

E 4 E 4 E 4 E 4

a) A, r T T

b) B.

00 A N

v
v

»
»

w 7 @ © T O

7. An electron moves in the direction opposite to an electric field E.The potential energy U
of the electron and the electric potential V are such that:

a) U increases and V decreases.
b) U decreases and V decreases.
¢) U increases and V increases.

d) U decreases and V increases. (ans)

8. Two charges q; = Q, and g, are located on the x-axis as shown. If the electric potential at
P is zero, relative to V = 0 at infinity, what is the value of q,?

a a
8 g =—Q.@ang) — s
b) g, = +Q. q p 7,
) g9, = Q/2.
d) q; = 2Q.
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