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Fundamental constants

1

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

4me,
& =8.85x10"2C?/ (N -m?) (Permittivity of free space)
o =4n x 107 T .m/A (Permeability of free space)
lel =1.60x 10 C (Elementary unit of charge)
N4=6.02 x 10%3 (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?7 kg (Proton mass)
Prefixes of units
m=10°  p=10° n=10" p=10"2
k=103 M =10° G=10° T=10"
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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.

2.

An air-filled parallel plate capacitor C with a plate area 0.030 m? and a plate separation
1.0 mm is charged to a potential difference V, = 20 V. The battery is then disconnected. A
dielectric slab with K = 3.2 is then inserted between the plates filling the space completely. What

is the energy stored on the capacitor now? [4 points]

A _ 8.85x10712x0.03
d 1.0x1073

F= 266x1071°F

Qo = CoVy = 2.66 X 10"1° Fx 20V = 5.31 X 10=° C
C=KCy= 851x10"10F

Q2  (5.31x107°% ()2
U == " —_—,—,ee
2C 2X8.51x10"10 F

= 1.66 X 1078 ]

If ¢, =12 pF,C, =8 pF, C3 =16 pF and V = 15 V, what is the charge stored on the capacitor
C3? [S points]

Cl C2

_ C1.Cp3 _ 12 uFX24 uF G
Ceq = C14+Coz (12 +24)puF uF |
||
Q= CoqV =8uF x 15V =120 uC 14
_ _ @ _ 120puC _
VCZ_VC3_623_ 24[1F _SV

Qc, = C3Ve, =16 uF x5V =80 pC



3. Anair-filled parallel-plate capacitor with a surface area A and a plate separation d, has capacitance
Co. When the capacitor is filled with two dielectric materials with dielectric constants K; = 2 and

K, = 4, as shown, the capacitance is 120 nF. Calculate the initial capacitance Cj. [S points]

K K
CO = 803 l l
A A
Cl = Klg()% = 3K1£0£ = 6CO

A 3 A
CZ = KZSO% = EKZSOE = 6CO

C1Cy

Ceq = C1+C;
Ceq =3Cy=> Cop=40nF pas E
d/3| 1
2d/3

4. An electric field E = 6.0 V/m is applied across a conducting wire of radius 1.0 mm.
If the resistivity of the conductor is 18.7 X 1078 Q.m, how much charge passes through the wire

in 10 minutes? [3 points]

E=p/= J=5=—2%__ _32 %107 A/m?

p  18.7x1078 Q.m
A
I=].A=32 X 107; x 1 (0.001 m)? = 100.8 A

Q=1t=1008A x (10 X 60s) = 6.05 x 10*C



5. A car battery with ¢ = 12.0 V shows a terminal voltage 11.3 V, when connected to a light
bulb. The power dissipated in the bulb is 4.7 W. What is the internal resistance r of the
battery? [3 points]

€

—

R
2 2 2
p=C= R=L=-03Y_9720
R P 4.7 W
1=2=22V—-0415A
R 2720
e=V4lr— r=:Y=02019V_ 4690
~ 1 7 o0415A
6. Find the electric currents I; and . [S Points]
Junctionrule: I3 =1 +1, (1) 110
VVVV
Loop rule (upper): ;
A 4
17 -11L +L,—10=0 ! .
7-11L+15L,=0 (2) ; + T 17V
2 -
Loop rule (big): *—\{vgvzv— —
17 — 111, — 12 = 0 10V
Substitute equation (1) in the above equation
17— 231, — 12, =0 (3) VW
12 Q

Multiply equation (2) with (+12)
2)=84—-1321; + 121, =0 (4)
Add equations (3) and (4)

101 — 155, =0=1; = 0.65 A
2)=1,=017A




7. Find the potential difference V, — V/},. [3 Points]

+9V
100 ¢ 150 | .-
S VAVAVAV e VVVV | —
— 11V
38V | +|
VVVV | |-—' VVVV
11 Q b 14 Q)

Loop rule
38—10/ —15/—-9—-14/1+11-11I1=0=1=08 A

V,+101 =38+ 111 —11=V, = V,, —49+ 211 = 0
Vo =49 — 211 = V,, =322V

8. The capacitor is uncharged and at time ¢ = 0 the switch is closed. At time t;, the electric charge
on the capacitor is q(t;) = 4 uC and when the capacitor is fully charged the charge is Q = 40 uC.

Find the power dissipated in resistance R, at time t;. [4 Points]

. Ri=6V |
Solution 1 VVVV I

Reg =Ry +R; = Roy = 10 Q

lj=—=1,=2A £=20V
R

eq

__t t1 tq ot

t1

2
PRl(tl) = iz(tl)Rl == Iole <e_REqC> = PRl(tl) = 19.44’ W

Solution 2

Reg=Ri+R; = Roy =10 Q

C=2=C=2yF

Loop rule: € — i(t;)Req — L2 = 02 i(t,) = 1.8 A.

PRl(tl) = iz(tl)Rl = PRl(tl) =1944 W



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

1. A battery V is connected to three capacitors. The electric charge is

C 2C
a) the greatest in capacitor C. I I

b) the greatest in capacitor 2C.

c) the greatest in capacitor 3C. |

d) the same in all three capacitors. (ANSWER) | |
%

2. An air-filled capacitor C with plate separation d is charged to a potential difference V. The battery

is disconnected and then the plate separation is increased to 2d. Which statement is correct?

a) The energy stored on the capacitor becomes zero.
b) The energy stored on the capacitor becomes double. (ANSWER)
¢) The energy stored on the capacitor becomes half.

d) The energy stored on the capacitor does not change.

3. The figure shows cross-sections of three conductors of the same material, having the same length.
When a potential difference V is applied separately across the length of these, the currents in them

will be in the order:

D L<Iy <l 1.2a
a 0.5a
b) Iz <I, <Ic.(ANSWER) - 1.5a a
C) IB < IC < IA-
(A) (B) (C)

d) I, <l < Ig.

4. A potential difference is applied across the two ends of a conductor made of two
cylinders of the same material with radii r; = 2r,. The drift velocity in cylinder 1 is v,.

The drift velocity in cylindrical 2 will be:

a) v,.

b) 2v,.

c) 4v,;. (ANSWER)
d) v,/4.



5. In a metallic wire, electrons are moving in the —x direction. Which statement is correct?

a) The electric current density J has direction —i and the applied electric field E has —1.
b) The electric current density J has direction —{ and the applied electric field E has +1.
c) The electric current density J has direction +i and the applied electric field E has —1.

d) The electric current density J has direction +i and the applied electric field E has +1.
(ANSWER)

6. The equivalent resistance of the network is

a) 4R. VWV VWV

b) 2R. ] ] -
VVVV VVVV

c) R. (ANSWER) R R

d) R/2.

7. During the discharging of a capacitor, the potential difference V,(t) across the capacitor versus the

time ¢ is described by the diagram

(a) Vﬁ(t) (b) Vﬁ(t)
>t >t
Vﬁ(t) Vﬁ(t)
(c) (d)
>t >t
(ANSWER)

8. In the RC circuit below, the switch is closed at time t = 0. At time t = 0, the electric current is

L€
a) 1=0. R | ~
b) I =5. (ANSWER) e ||
c) I =¢R.

d) I =Ce. I I



