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Fundamental constants

1

K = =9.0x10° N.m*/C® (Coulomb constant)

Are,
& =8.85 x 102 C?/ (N -m?) (Permittivity of free space)
to = 4m x 107 T.m/A (Permeability of free space)
le] =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=10"2
k=103 M = 10° G =10° T =10%
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Problems | 1 2 3 4 5 6 7 8 9 | 10 | 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.

Two rings of identical radii, a, have charges Q,

—4 uC and Q, = 4 uC, as shown, uniformly distributed

along them. A point charge g = 6 uC is placed at the center point of the second ring. If a = 0.4 m,

determine the net electric force vector F acting on g.

o _ |Q1]2a o
Eril’lg1 - ((2a)2+a2)3/2 (_l)
9x10%%x4.0%x1076%0.8 ,

(0.82+0.402)3/2 N/C
= —4.0 X 10*i N/C

F =qE, =6.0x107% x (—4.0) x 10*1 N
=—0.247T N

[3 points]

2. A spherical shell of inner radius a = 8 cm and outer radius b = 16 cm has uniform volume charge density

p = 300 nC/m3. Determine the magnitude and direction of the net electric field at a radial distance 24 cm

from the center.

Gauss’s Law:
FE - dA = %ene

€o

E(4nr?) = %

0
4
Qenct =P (gT[(b3 - (13)) =4.5nC
E =-enc _ 7037 N/C, outward

- 2
4Tntr &o

[3 points]



3. Athin spherical shell of radius R = 0.5 m has uniform surface charge density & = 90 nC/m?. Calculate the

electric potential difference, V, — Vg, between points A and B. Givenry, = 0.25 m and rz = 1.5 m.

[4 points]
Q = 04nR? = 283 nC
Va =% = ko4nR = 5089.4 V B
Vy =L = 16965V
B

V,— Vs =3393V

4. A capacitor, C;= 20 pF, is charged by a battery, as shown. Then, the switch is moved to position 2 so that
capacitor C, is connected to the uncharged capacitors C, = C; = 10 uF, as shown. If the final energy stored

in Cs is U{in = 45 pJ, determine the value of ¢ . [4 points]
1 S 2
@ o
ufn =8l =45y s v =3V el 61 c, ;.
Qo = Qin = (C1 + G + C3)V =120 pC T
V=% __Ge ey

C1+C2+C3  C1+Co+C3



5. When an ideal emf is connected to a network of resistors, as shown, the power dissipated in R, is 32 W.
If R; = R, = R; = 81}, determine the value of €.

[4 points]
R;
P=I3R,=32W=>1,=2A W
FromJunctionrule: I, =1, + I3 =4 A
Loop rule: € = IR, + I,R, = 48V NWISZ
e

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

is the current in the emf device a long time after the switch, S, is closed? [3 points]

A long time after the switch is closed, the capacitor

represents a cut, so no current through it.

ﬁReq=R1+R2= 8 0

Loop rule: I; = Ri =3A

eq




7. A wire carries a current of I = 12.0 A from point O (origin) to point P, as shown. Calculate the magnetic

force vector, F, acting on the wire due to a uniform magnetic field B = (—4.0 Mk . [3 points]
P AN
v4
| !
| Tis
Less = (Ax)i + (Ay)f = (0.06 m)i + (~0.02 m + 0.05m )j ___QlK — B I
L. A A . I 4cm s |
F =1L,;; x B =12.0 A[(0.06 m){ + (0.03 m)j] x [(—4.0 T)k] | VA v
e <>
F =[—-(1.44 N)i + (2.88 N)j] 2 cm

8. A proton moves momentarily with a velocity of # = (3 x 10° ?)i + (2 x 10° ?)j in a region of uniform

magnetic field B = (2 T)j. Find the radius and pitch of the helical path of the proton. [4 points]

vl=3x106?

v = 2x10°=

mv,

lq|B

P=yT =v,22=0.066 m
lq|B

R = =0.016 m




9. Two very long wires are perpendicular to the xy-plane. The wires carry a current of I; = I, = 10 A, as
shown. Calculate the magnetic force vector, F, acting on charge ¢ = 4 uC of velocity ¥ = (4 ;) L.

[4 points]
AY
B o— __Mlr & _ -5 8 Iy I
1= =5 o) = -(1.0x10™cT)f7 ® 20 cmq? - 50 cm >
B, = 2 j = (4.0 X 107°T)j = v

|

net = —(6 X 107°T)]
= @0 X Bpee = —41C(4 )1 x (6 X 107°T)) = —(9.6 X 107" N)k

™

10. Two concentric circular loops of radii, a = 0.2 m,b = 0.5 m, carry identical currents of I =5 A, as

shown. Calculate the magnitude and direction of magnetic field at the center point, C, of the loops. [3
points]
A
- I ~ _ ~
= (’;ia) k= —(1.57 x 10-°T)k
I Ay
B, = (*\} = -6TV};
By = (55) £ = (63 x 107Dk o
vz

l

et = By + By = —(9.4 X 107°T)k

ov]



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

1. Three point charges g4, q,, and g3, are placed on the xy-plane. The net electric force 133,
acting on charge g5 is shown. If g; < 0, which statement can be correct for the charges?

AY
a) gu <0andg, <O0. ql?
b) g; < 0and g, > 0. ¢=mmm 0 . y
€) g. >0andg, > 0. q3\ s
d) g, > 0andg, < 0. F;

2. Two very large parallel conducting plates A, and B carry opposite charges +Q and — Q.
Which statement is correct for the location of the charges? The charges are

a) on the right surface of plate A and on the right surface of plate B.

b) on the right surface of plate A and on the left surface of plate B. <¢==m
c) on the left surface of plate A and on the right surface of plate B.

d) on the left surface of plate A and on the left surface of plate B.

A B

3. A large uniformly charged sheet has a uniform surface charge density & > 0. Which relation
Is correct for the electric potential at point 4, B, C, and D?

o
a) VA - VB - VC - VD'
b) VA - VB = VB - Vc. A B C D
R pu— X X XX
C) VA VB VD VC . < 5 Cm> < 20 Cm>

d) VA_VC= VC_VD'

4. Two identical parallel-plate capacitors C; = C, are connected to a battery, and then
capacitor C, is filled with a dielectric material of K = 2. If the energy density in the
capacitors C;, and C, are u,, and u,, respectively, which relation is correct?

a) ul = uz.

b) u, = 2u2. & C1 C

C) 4u1 = Uy.

d) 2u, =y, ¢m—




5. Two R-C circuits are shown. If the time constant in circuit A is t,, and the time constant in
circuit B is g,

W WW
a) Ty = Tp. R R
b) TA = ZTB. S ® = S ® ::C
0) Ty =41y Gmmmm N\ . N ¢ c

d) 274 = Tp. _+|r8_1

(4) (B)

. A proton enters and leaves a rectangular region of uniform magnetic field on a semicircular
path, as shown. The direction of the magnetic field is
B :
X
.::: .............. >

U
<

QD
et
&9

(=)
N
~>

()
N N

d) —k. ¢ummm

. Three very long parallel wires are carrying identical currents I; = I, = I3, as shown. If the
magnitude of the net magnetic force acting on them are F;, F,, and F;, respectively, which
statement 1s correct?

a) Fi =F;. (uumm A

I}h I ,9,13 X
b) F, = F;. Soem 0 Tsoem % >
C) F1 - Fz.
d) Fl :FZ :F3.

. The figure shows a closed curve, C, its orientation and currents I, I, which are perpendicular

to the plane of the curve, as shown. If the value of the curve integral on C is 95§ -dl = Uol,

which relation is correct for the magnitudes of the currents, I, I,?

QL =11=1I

b) I, =1, 1, =2]. ¢=mmm

), =2I1,=1I ® I,
d I, =2I, I, = 2I.



