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Fundamental constants

1
k=——=9.0x10"N.m*/C’ (Coulomb constant)

4ne
&= 8.850 x 1012.C?/ (N -m?) (Permittivity of free space)
wo =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)
my,=1.67 x 1027 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. Three point charges q; = q, = 10 nC, and g5 are placed on the x and y-axis as shown. The total

potential energy of the system is 20 pJ. Find the electric charge gq3.

d =./(0.06)2 + (0.08)2m = d = 0.10 m

Utotal — kQ1Q2 + k‘l1¢13 + szQa
0.06 0.08 0.10

20x 107% =15 x 107%J + 1125q5 + 900qg;
q3 = 2.4’7 nC

6 cm

[4 points]
yI
--x--® 42
X
® ®
q1 1 {3

8 cm

A conducting sphere of radius R = 0.4 m is uniformly charged with electric charge Q = 30 nC. A

point charge ¢ = 5 nC is placed at the center of the sphere. Find the potential difference V, — V3.

Given: x, = 0.2 m and xg = 0.9 m.

Vi=k2+kL=v, =900V
R XA

Ve=kZ+kLl=V,=350V
XB X

B

VA_VB=550V

[3 points]

v




3. In the capacitor network shown, C; = C, = 5 pF, €3 = 30 pF, and the applied potential difference

is V = 4.8 V. Find the electric potential energy stored in capacitor C;. [S points]
Ci

C, and C, are in parallel: N 4| I—

Ciz = Ci +C, = Cpp = 10 uF ! !

: G

G

Ci> and C3 are in series:

_ Cq3C3 _
C1atCa = C123 = 75 HF V

The total charge of Cy3 is Q123 = Q12 = Q3
Ci23 = % = Q12 = C123V = Q42 =36 pC

Q
Clz=?122=>V12=3.6V

Uy =5 CVip® = Uy =324 )

4. An air-filled parallel-plate capacitor with a plate area A and separation d, has capacitance C,. Then,
the capacitor is partially filled with three dielectric slabs with constants K; = 4, K, =5, K3 = 6,

as shown. Each dielectric slab fills 1/3 of the space between the capacitor plates. If the equivalent

capacitance is 200 pF, find the initial capacitance Cj. [S points]
A
CO = 80 E
Cl = K150_=> Cl = %80—=> C1 = _CO
CZ=K2£0AT/3:CI=%€0§:CZ=§CO Kl KZ K3 d
A/3 Ks A
C3 = K3€0%$ C3 =?3805$ C3 —_CO

C1,C,, and C; are in parallel:

Cog=Ci# Co+ C3 = Coq =3 Co+7Co2Co = Ceg = = Co = Co = 40 uF



5. A gold wire of length L = 3 m has resistivity p = 2.44 X 1078 Q-m and concentration of free
electrons n = 5.90 X 1028 m3. When a potential difference V is applied, the electrons run the full

length of the gold wire in time 2 X 10* s. Find the potential difference V. [4 points]

Vg =ty = 2
d = ¢ d ™ 2x10%s

=v; =1.5%x107* m/s
] =nlelvy =] = 14.16 x 10> A/m?

E = p] = E = 0.0346 N/C

E=%=>V=EL=>V=0.104V

6. In the electric circuit below, the power dissipated on the resistor R =3 Q is P, = 15 W. The

internal resistance of the battery is r = 1 Q. Find the emf € of the battery. [3 points]
R
PR=I?R=>1= %:>1=2.24A VVWWWY
VZ
Pp=-"L2=Vp=[PRR=>Vp =671V | ————————————
Since Vg = Vierminal EI I_V\7/~V

Vierminal = E_IT:€=VR+1T=>€=8.95V



7. Find the electric currents I3, I,, and I3 in the electric circuit below.

[S points]
3Q 4Q
Junction rule: I3 =1, + I, | VVVV ww ¢
1
Loop rule: +1 3 I,
— <
- Leftloop 10V S50 1
10-31; —5I3—-7{;=0=>10—-15]; =51, =0 16V
- Right loop
VWV
16 —4l, —5I;— 81, =0 =16 — 51, — 171, = 0 "7"‘!’2\# 80
Multiply 2" loop rule equation with (-3):
—48 + 151, + 511, = 0
and then add it to the 1* loop rule. We get:
—38+46l,=0=1, = 0.826 A
10 —15[; — 5% 0.862=0=1, = 0.391 A
I3 =(0.391+0.826) A=>1; =1217 A
Find the potential difference between points a and b in the electric circuit below. [3 Points]
¢ VWV
— J
€E=20V SR, =13kQ
<
b
VWV VW ®
Loop rule:
€—IR, —IR,—IR,=0=1=———=]=067%x10"3 A

Ri+Ry+R,
V,— IR, —IR, =V, =V, —V, = I(R, + R,)



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

1. Two negative point charges, q; < 0 and g, < 0, are placed on the x-axis as shown. We bring a
positive charge, Q > 0, from infinity to point A. The electric potential at infinity is zero. The work

of the electric force to move charge Q from infinity to point A is:

a) zero.

.. A
tive. ° ° :
b) positive h o >

C) negative.

d) indetermined.

2. Inauniform electric field of magnitude E = 10 V/m, the horizontal lines are the electric field lines
while the vertical lines are the equipotential surfaces. If the potential of the first equipotential

surface is I/; = 95V, then 74 v, A A

v

a) V,=95V,V; =95V, V, =95 V.
b) V,=95V,V; =85V, V, =75 V.
Q) V,=85V,V;=75V,V, =65V, <
d) V,=85V,V;=65V,V, =45V. PUEEN FEEEN PEEIN

v

v

3. An air-filled parallel-plate capacitor is charged by a battery, then the battery is disconnected and
the space between the plates of the capacitor is fully filled with a dielectric slab of constant K.

Which statement is correct?

a) The stored electric potential energy will decrease by a factor K. h
b) The stored electric potential energy will decrease by a factor 2K.
c) The stored electric potential energy will increase by a factor K.

d) The stored electric potential energy will increase by a factor 2K.

4. An air-filled parallel-plate capacitor is charged by a battery. While the battery remains connected,

the separation between the plates of the capacitor is doubled. Which statement is correct?

a) The electric energy density increases by a factor of 2.
b) The electric energy density increases by a factor of 4.
¢) The electric energy density decreases by a factor of 2.

d) The electric energy density decreases by a factor of 4. h



5. In the current-voltage diagram below, the characteristic curves of 4 resistors are given. Which

relation is correct?

a) Ry >R, >R3>R,
b) R, >Ry >R, > R;
c) R3>R,>R, >Ry

d) R,>R; >R, >R, R .

6. The current between points a and b in the electric circuit below is:

a) I = g.
b) I = § h
£
c) I=—.
R+1 a b
Q) J=_Ef Il—vvv
) 1= (R+7)?’ &or

7. In the electric circuit below, there are 4 resistors of same resistance R. The equivalent resistance of

this network is:

R R
VWVVWY VWV
a) R. <
b) 2R. — —
¢) 3R.
d) 4R, v v

8. Which statement is wrong?

a) Kirchhoff’s junction rule is based on the conservation of electric charge.
b) Kirchhoff’s loop rule is based on the statement that the electrostatic force is conservative.
¢) Kirchhoff’s junction rule is about the sum of currents around any loop. h

d) Kirchhoff’s loop rule is about the sum of potential differences around any loop.



