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Fundamental constants

k= 41380 =9.0x10° N.m?/C? (Coulomb constant)

& =8.85x 101 C?/ (N -m?) (Permittivity of free space)
o =4n x 107 T .m/A (Permeability of free space)
le] =1.60 x10°C (Elementary unit of charge)
Na = 6.02 x 10% (Avogadro’s number)

g =9.8 m/s? (Acceleration due to gravity)
me=9.11 x 1031 kg (Electron mass)

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

Prefixes of units

m =103 u=10° n=10"° p=107"?

k=103 M =108 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
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 |. Solve the following problems. Show your solutions in detail.

1. Three charges q: = —4.0 uC, g2 = —5.0 pC and gz = 6.0 puC are placed as shown.
What is the magnitude and direction of the net force on q2?

050
F, = Fysinf = 1.08 x 222 = 0.65N
y 0.50

F=JFZ+F =070N
¢ =tan™! 2 = 67.4°

P

_ o laz2llgil _ 9x109%x5.0x1076x4.0x1076
Fp =k 2 (0.40)7 =1.13N

1 laz2llgsl _ 9x109%x5.0x1076x6.0x1076
Fp3 =k 2 (050)7 = 1.08N
F,=F,—Fy3cos0 = 1.13 — 1.08 X 222 = 0.27 N

y

[5 points]

2. A uniformly charged infinite line with 2 = —2.40 nC/m is perpendicular to the x-axis
as shown. Charges g and Q are located as shown. If g = 0.12 nC, what should be the
magnitude and sign of Q, so that the net electric field at point P is zero? Given,

r=1.8cm. [4 points]
Q E; E P 9
@ e — &
R DR >4 Eq
r r
9 -9
EA — 2k|A| — 2X9%X107%X2.40%X10 _ 2400 N/C
" 9 (())'1021310—9
_ 7, _ 9x10°x0. _
Eq=kiz=—Gomz — = 3333N/C

Eg—E,—E,; =0

Q
Eq = E;+Eq = kg5 =5733N/C
Q = 0.83nC




3. A point charge q with mass m = 5.2 x 107° kg enters at point A with velocity
Vo = 50.0 i m/s in the region of a uniform electric field E =63 %103 i N/C. The
particle stops momentarily at point B which is 10.0 cm from A. What is the magnitude

and sign of the charge g? [3 points]
A B B
q ®--------- . "
v? = v¢ + 2ahx - 0 = (50.0)% + 2a X 0.10
a= —1.25x% 10* m/s?
F= qE md
q%xX63x1031=52x10"%x—1.25x 10*]
_ 52x107°x-1.25x10*
q= PETETE = —10.3 uC

4. A conducting spherical shell of outer radius R = 20.0 cm has a surface charge density
o = 4.3 uC/m2 When a charge Q = —2.5 uC is brought to the centre of the shell, what
Is the magnitude and direction of the electric field at a point 25.0 cm from the centre
of the shell? [4 points]

E 47'[7"2 — (Q+4T[R2.O')
. —80

2
£ =k(Q+tZR .0)
_ 9%109%(—-2.5x1075+4m(0.20)2x4.3X10°)
- (0.25)2
=—49x10*N/C
directed radially inwards.




5. Three uniformly charged large sheets with surface charge densities o; = +9.7 nC/m?,

o, = — 13.7 nC/m? and o3 = +15.7 nC/m? are perpendicular to the y-axis, as shown

below. Find the net electric field E at the point O. [4 Points]
»
o1
E=gr (D5e () 5 (+D) o2
E = 548.0(=)) + 774.0()) + 887.0(+)) E, n§3

E = 1113(+)) NIC 1 >
E1 03

6. Two identical conducting spheres with charges Q; = Q, = 20.0nC and radii
R; = R, = 1.0 cm are placed on the xy plane, as shown in the figure. Calculate the
net electric potential at point P located at center of the first sphere. Assume that the

potential is zero at infinity. [4 points]
d =/(0.06)2 + (0.080)2 = 0.100 m Y s
Vi =kZ =V, =18000V Q2
1
V2=k% =V, = 1800 V 4<>
Vo =V, + V, = 19800 V 6cm’i
H A
N
Rt >
8cm




7. Two point charges, q; = +25.0 nC and g, = —25.0 nC, have identical masses

m = 3.0 X 1077 kg. They are released from rest when they were 100.0 cm apart. Find
[4 Points]

8.

their speed when they are 50.0 cm from each other.

Kf—Kiz—(Uf—Ui)

2 (lmUZ) _ 0 — kqqu _ RQIqZ
2

T T
mp? = kq.1q. . kq.1q2
1.0 0.50
= —563x107°+1.13x107°
=5.63%x10°°
v =4.33m/s

In the figure, two point charges g; = +6.0 nC, g, = + 3.0 nC are placed at the
corners of a square of side a = 5.0 cm, as shown. Calculate the work done to move a

third charge g; = + 4.0 nC from point A to point B.

W =AU = qAV
k k
Vv, = K4y + k42
\/fa a
= 763.7 + 540.0 = 1303.7 V
k k
v, = K, ke
a \/Ea
= 1080.0 + 381.8 = 1461.8V
W=63x10""]

[4 Points]

0 g + B
a i

Ry LA



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

1. A uniformly charged ring of radius R has a charge Q. A charge q is placed at the centre
of the ring. The force experienced by the charge q is:

qQ Q
b) F =0. (ans)
_ qQ
C) F= k(ZR)Z' """"""""" >

d) None of the above.

2. Three point charges are placed at the vertices of a triangle as shown. The net force on
the positive charge Q is F, as shown. The charges g1 and g2 must be:

a) 1>0, g2>0. Q e——F

b) g1<0, g2>0. N

c) 01>0, g2<0. (ans) .
____________________ °

d) 91<0, g2<0. a "

3. Three point charges are located at the vertices of an equilateral triangle, as shown.
Points A, B and C are the midpoints of the sides. At which midpoint is the magnitude
of the net electric field the smallest?

—q

/.\\
a) A /// \\
b) B (ans) Ad N C
c) C \
d) All have the same magnitude. [~ S— - mmmem ‘®

4. A cube of side L with a charge q at its centre is inside a uniform electric field E thatis
directed along the x-axis, as shown. What is the total electric flux through the cube?

a) EL*+q/e

b) ZELZ y A

cc o R

d) a/z0 (ans) ol
eq |




5. The figure shows six point charges. Four Gaussian surfaces each enclose part of this
plane. Which Gaussian surface has zero electric flux?

Surface A Surface B
X /

.0

a) Surface A
b) Surface B (ans)
c) Surface C
d) Surface D

Surfaccurface D

6. The electric charge on a charged conductor is

a) uniformly distributed throughout the volume.

b) distributed entirely on the outer surface. (ans)

¢) distributed throughout the volume depending upon the shape of the conductor.
d) confined to the center of the conductor.

7. A point charge +q is released from rest in a region where E # 0. There is no other force
acting on the charge. As the charge moves in this region, its electric potential energy

a) remains the same.

b) increases.

C) decreases. (ans)

d) will decrease then after some time will increase.

8. Where an electric field line crosses an equipotential surface, the angle between the
electric field line and the equipotential surface is

a. 0°.

b. between 0°and 90°.

c. 90°. (ans)

d. between 90°and 180°.
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