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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)
le| =1.60 x 10 C (Elementary unit of charge)
Ni=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.

A thin conducting spherical shell with radius R = 9 cm is uniformly charged with charge Q. A

point charge g = —3 nC is placed at the center of the spherical shell as shown. If the potential is

zero at infinity, the potential at point A, 7, = 7 cm, is V; = 400 V. Find the potential at point B,

rg = 13 cm.

_ _ 5, 1 @
Va=Vet+ Vo= k0.07+k0.09

Q = 7.86nC

Vs = 3365 V

[4 points]
.B

An infinite sheet of uniform surface charge density o is placed perpendicular to the x-axis, as shown

below. If the potential difference between the origin O of the axes and point P is 18 V, find the

surface charge density o of the infinite sheet.

VO_VP=IE'dZ

o
18 =7 (02~ 0)

o = 1.60 nC/m?

[S points]

'P (0.2m, 0.3 m)
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3. A network of four capacitors with identical capacitance, C; = C, = C3 = C, = 9 nF, are connected

in a circuit as shown. Calculate the electric charge on capacitor Cs. [4 points]
G
Co, C3 ., C4 are in parallel I I

C& —C3 ;C‘L

6234:CZ+C3+C4:27HF 8V T == T

Cp34, C) are in series

_ C1XC34
Ceq S

C1+ C234

= Cpq = 6.75 nF

Q=CoqV=0Q=54nC

Q3=§=>Q3=18nc

4. Two identical capacitors with capacitances C; = C,, are connected to a 20 V battery, as shown in
the figure, with charge Qo = 30 nC. Then, while the capacitors remain connected to the battery,
a dielectric slab with constant K = 2 fully fills the space between the plates of one of the capacitors.

Calculate the charge on C; after inserting the dielectric material. [4 points]

Cy C,
C, and C, are in series: I I l I

GG 4

12 7 cvc, 2

C I
QO:C12V:?1V:61:3HF ZOIV

After the dielectric is inserted in C:

C1C5 _ C1(2C)) _ 2
C1+Cy  C1+2C, 3

Q) =Cl, V =40nC

), = C, =2nF



5. An electric current in a wire varies with time as I(t) = 28.8 x 1073 sin(12t) with current I(t) in
ampere and time t in seconds. Calculate the electric charge that passes through a given crossection

of the wire betweentime t = 0 and t = %s. [3 Points]

10 =2 = dg = 1(®)dt = Q = [+ (D)t

Q = 28.8 x 107 [* sin(12t)dt = %[— cos (12Z) + cos(0)

Q=48x10"3C

6. In the circuit shown, two batteries are connected as shown. Battery 1 has emf €, = 15 V and

internal resistance r; = 1.0 Q, and battery 2 has emf €, and internal resistance r, = 1.5 Q. The

power dissipated on the internal resistance r; is 4 W. Find the emf E,. [4 Points]
+
P =Pr=l= |2 g |I w—
rn - 1 - o Szl rz

I=2A i e 3 ll

81_82_17'1_17'2:0 —_‘__,I_Vw_'—
gl n

€, =10V




7. In the circuit shown, calculate the potential difference V,,

__ 6X6

[5 Points]

Rup—EQ=BQ 50 VWV b
|
ax4 VVVV I
Raown = ﬁﬂ =2Q VW
6 Q
4 Q)
VYWV +| i
Loop rule a |I VWV
VVVV 17V 80
17—-21—-51-8—-31-8[=0 40
[=05A

V,—5x05-8—-3%05=1V,
V,—V,=5%05+8+3x%0.5
V=12V

8. In the RC circuit shown below, the time constant is T = 1 ms. At time t = 0 s, when the switch is

closed, the electric current is 3 mA. Find the electric charge at time t = 2 ms. [3 Points]
C
e R |
ly=-=€=1IR VW |
t b
q(t) = €C[1—e7Re| c

q(0) = oRC[1—e7Re | = Iz 1~ e |
q(t) = 2.59 uC



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

1.

4.

A uniformly charged rod of length 2L and charge Q > 0 lies on the x-axis as shown. If the potential

is zero at infinity, which statement is correct? y
C B
(]
a) The electric potential at point A4 is negative. A Q
® >
b) The electric potential at point B is positive. —L +L x
c) The electric potential at point C is negative. D

d) The electric potential at point C and D is zero.

For the equipotential surfaces (EPSs), which statement is correct?

a) The EPSs of a point charge are infinite planes
b) The EPSs of a point charge are infinite lines.
¢) The EPSs of a point charge are concentric spheres with the point charge at the center.

d) The EPSs of a point charge are of cubic shape.

A capacitor is charged by a battery. After disconnecting the battery, the space between the two
conductors of the capacitor is fully filled with a dielectric material. The energy stored in the

capacitor will

a) increase.
b) decrease.
c) remain the same.

d) increase and later decrease.

For a network of three identical capacitors C; = C, = C3, which statement is correct?

a) If all three are connected in series, the equivalent capacitance has its minimum value.
b) If all three are connected in series, the equivalent capacitance has its maximum value.
c) If all three are connected in parallel, the equivalent capacitance has its minimum value.

d) If two are in parallel and then in series with the third one, the equivalent capacitance is zero.



5.

If the potential difference across a conducting wire is increased, then

a) the current density will increase, and the drift speed will decrease.

b) the current density will remain the same and the drift speed will increase.

c) the current density will increase, and the drift speed will increase.

d) the current density will increase, and the drift speed will remain the same.

6. In the electric circuit below, if the resistance R is increased, then

7.

8.

a) the terminal voltage of the battery will increase.
b) the terminal voltage of the battery will remain the same.
c¢) the power dissipated in the internal resistance will increase.

d) the power output of the battery will remain the same.

The Kirchhoff junction rule is a consequence of

a) the conservation of linear momentum.
b) the conservation of electric charge.
c) the conservation of angular momentum.

d) the conservation of electric energy.

R
VWV

In a charging RC circuit, which diagram gives the electric current as a function of time

a) s 0) ia

b) i, d i,




