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Fundamental constants

k = 41118 =9.0x10° N.m? /C? (Coulomb constant)

& = 8.8&2 x 1012 C2/ (N -m?) (Permittivity of free space)

wo =4n x 107 T.m/A (Permeability of free space)
le] =1.60x 10" 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 103! kg (Electron mass)

mp = 1.67 x 10" kg (Proton mass)

Prefixes of units

m=103  p=10° n=10° p=10"
k=103 M = 10° G =10° T=10%
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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 charges, q; = q, = q3 = 8 uC, are placed at three vertices of a square, as shown. Calculate the x and

y components of the net electric force, 133, acting on gs. [3 points]
YA
Q2 ¢ 0°M q3
13 =+/(03m)2 + (0.3 m)2 = 0.42m
1S
Fyy = Fizy = k'8sin(45%) = 2.26 N =
13
X
Fy,=Fiay + Fpsy = k2% co5(450) + 12285 = g 64 5% >
’ ’ ’ 713 733

2. A point charge g = 8 nC is placed at the center of a spherical surface of radius a = 5 cm with uniform
surface charge density & = —90 nC/m?. Calculate the magnitude and direction of the net electric field at
distance r = 12 cm from the center. [3 points]

Q

Gauss’s Law: §E-dA = % =  E(4nr?) = Qesncl

0 0

Qonct = q + 04ma® =5.2nC

E = 2encl _ 3733 N/C, outward

£o4mr?2




3. Two charges g; = 12 uC and g, = —8 puC, are fixed on the x-axis, as shown. Take VV = 0 at infinity. If the
unknown charge g5 has 5.76 J electric potential energy at point A4, calculate the potential energy of g5 after

it is moved to point B. [4 points]
YA
q1 qz XB
Ug = G Vi+VE) = g5 (k= 2— + k=) = 5.76] e s
= q3 =8 uC. Qi .~ . sz X
O . - ™ YO >
Ug, = qs(Va+V3) = g3 (kB + kL) = 1.2

4. Initially, a capacitor, C; = 10 pF, is charged by a battery, as shown. Then the switch is moved to position

2 so that the capacitor C; is connected to an uncharged capacitor C, = 20 pF. If the final energy stored in

Cy is Ugin, = 90 pJ, calculate the initial energy stored in C;. [3 points]

cv?
U=T=>Vﬁn=,/2Ufin,2/C2=3V —

Qo = (C1 + C2)Vfin = 90 uC

QZ
Uin = 50 = 405 pJ




5. A potential difference V' = 60 V is applied between the ends of a metal wire of length L = 2 m and radius
r = 0.3 mm. If the resistivity of the wire is 18.7 x 1078 Q-m, how much charge passes through the wire

in 5 minutes? [3 points]
L L
R=p-=p—=1320
I=2=454A
R
Q=1-t=454A x(5%x60s)=1.4x

6. In the circuit shown below, the capacitor is initially uncharged and the switch S, is closed at t = 0.

Calculate the time t; at which the charge stored in the capacitor is 1/4 of its final value.

[3 points]
|
Q(t)=€C[1—e_R_tC]:%zeC[l—e‘tl/RC R =4KkQ C = 80 uF
+
L
3 —
5 £=24V S
= t, = —RCIn (Z) = 92 ms




7. A proton moves momentarily with a velocity of ¥ = (4 x 10° ?)i + (3 x 10° ?)j in a uniform magnetic

field B = B, 1. If the radius of the helical path is R = 0.024 m, what is the value of the pitch of the helical
path? [3 points]

vl=3x106?

v = 4‘)(106m

R = ML = 0.024 B, L =13T
= m= =
lq|By “lalR
P—U"T—UHII =0.20 m

8. Acurrent I = 6 A flows in a wire from point C to point D, as shown in the figure. Calculate the magnetic

orce vector acting on the wire by a uniform magnetic fie B = i+ j. points

fi i he wire b if icfield B=(8T)I+(2T) [3 ]
Dya
v4 i

eff—(012m)l+(004m)] : §6cm
FB —ILeffXB— C : ﬂ‘i

= 6A[(0.12 m)t + (0.04 m) f] x [(8 T)T + D ,? ______ N [ I
enj] i ) semop e e ;
TTeem T



9. Two perpendicular insulated straight wires carry currents I; = 10 A and I,, as shown. If the magnetic field

at point C is By = (5 x 1075T)k, what is the magnetic field B, at point D? [4 points]
y A
= 5,52 wh g tolz 7 _ -5\ T
Be=Bc+Bc = 27'[0.05mk + 27r0.05mk - (5 x 10 T)k 5cm‘r b 10 em
O s *x D
=1, =25A 5! B
wy > oy x=
o __)1 o2 _ poli 7 tol2 75 _ =5\ 3 I
Bp =Bp+Bp = 2ﬂ0.10mk+ 27r0.05mk - (1 x10 T)k

10. A very long straight wire carrying a current I; = 4 A and a rectangular loop carrying a current [, = 6 A

are placed on the xy-plane as shown. Calculate the magnetic force acting on the loop. [3 points]
: ) A
No net force acting on the horizontal segments of the loop, Y
the net force is the sum of the force on the left and right L
vertical segments. I ‘f —
Floop :Fleft+Fright 4 1 : g
> LioL N g TR P
Frope = 22122 1 = (144 x 107° N)i “em| 3em |
> v
= ILI;L A - A
Frigne = =312 1 = (=5.76 x 107°N)3 I .
Froop = (8.64 x 1076 N)i




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

1. Two infinitely long charged lines with uniform linear charge densities 1, > 1, > 0 are
placed parallel with the x-axis, as shown. On the y-axis, the net electric field vector, Enet, IS

zero y
a) somewhere above A,. /11—
b) somewhere below A,. ?0.5 m X
c) somewhere between A, and 1,. < 0 X 05 m

d) everywhere. #.Y_

2. A conducting spherical shell has charge Q and a point charge q is placed into its cavity as
shown. Which statement is correct? The surface charge density is

a) uniform on the inner surface and uniform on the outer surface.
b) uniform on the inner surface and non-uniform on the outer surface.

=D c) non-uniform on the inner surface and uniform on the outer surface.

d) non-uniform on the inner surface and non-uniform on the outer surface.

3. A circular ring has charge Q > 0 and it is centered at the origin. Take V = 0 at infinity.
Consider the electric potential on the x-axis, which statement is correct?

A
Y.
a) The electric potential is the largest at point A. : Q
b) The electric potential is the largest at point 0. == 5
oal a ., X
c¢) The electric potential is the largest at point B. TR o E)’

d) The electric potential is the same at points A and B.

4. Two networks of capacitors A and B are made of the identical capacitors of capacitance C,
as shown. Which network has equivalent capacitance 2C/3?

C

b) B. (.l—Hi C_Z, a Clyp

c) Both of them.
d) None of them. A B

a) A. <{ummm C }Q‘C




5. Two R-C circuits are made of the identical resistors, capacitors and emf devices as shown.
If circuit A has time constant T, and circuit B has time constant 7z, the relation of 7, and
Tg IS

a) T4 = Tg. AW |

b) TA == ZTB. R C R R c
+ +

C) 274 = 1. <umm _g<l_'5\._ < '__S\

d) t, = 41p. 2 B

6. If a charged particle moves in a region of uniform magnetic field with a velocity perpen-
dicular to the magnetic field, the path of the particle is a

a) straight line path.
b) helical path.

c¢) parabolic path.
d) circular path. <=

7. A circular loop with current I centered at the origin in the xy-plane as shown. The direc-
tion of magnetic field along the z-axis

yﬂ

a) is +k for any value of z.

b) is —k for any value of z. <

¢) is+kif z<0,and =k if z > 0.
d) is—kif z <0, and +k if z > 0.

8. If the Ampere's law, 95§ -dl = Uoleonc, 1S COnsidered on the closed curve C, shown in the

figure, the 1., is

a) —I; — L,. ¢
b) +1,+1,. ® I

c) —I, + L. .

d) +1, — I,. ¢mmmm ’



