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SECTION A SHORT QUESTIONS (20× 3marks) 60 MARKS

1. Two identical conducting spheres carrying charges of −8 C and 12 C are brought into
contact. Calculate the amount of charge transferred from one sphere to the other (re-
member to state +ve or −ve, and from which sphere to which).

2. A point charge moves quasistatically from A to B in
a radially symmetric electric field as shown alongside.
Circle any statement(s) below concerning the electric
field E and the electric potential V which are true.

(a) EA = EB and VA = VB

(b) EA = EB and VA = −VB

(c) EA = −EB and VA = VB

(d) EA = −EB and VA = −VB

(e) |EA| = |EB| and VA = VB

(f) |EA| = |EB| and VA = −VB

+

bA

r

bB

r

3. Two charges, Q and −2Q, are located at points A and B as shown in the diagram below.
Circle the point(s) on the line joining the two charges, which correspond most closely to
the positions where the electric potential is zero.

b b b
A

Q
b b b

B

−2Q
b b

4. A charge of 2× 10−7C is between two oppositely charged parallel metal plates, separated
by 50mm. The charge experiences a force of 4 × 10−2N in the electric field. Determine
the potential difference between the plates.
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5. Starting with an expression for the single equivalent capacitance Ceq of a set of capacitors
C1, C2, C3, . . . CS arranged in series, show that Ceq must be smaller than CS, where CS is
the smallest capacitance in the set. (Do not use numerical values.)

6. A 3.7V mobile telephone battery has an ampere-hour rating of 700mAh. If a constant
current of 200mA is used during a normal conversation, determine how long it will take
before the battery will start to run down.

7. A coil has a resistance of 20 . At a frequency of 100Hz, the voltage across the coil leads
the current in it by 30 . Determine the inductance of the coil.

8. At a certain frequency in a series RCL circuit R = 16 , XC = 36 and XL = 15 .
Calculate the impedance Z in the circuit at twice this frequency.
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9. (a) What property determines when an RCL circuit is at resonance?

(b) Show that the resonance frequency ω0 in an RCL circuit is given by ω0 =
1√
LC

,

where the symbols have their usual meanings.

10. The charge on a capacitor, in series with a resistor and a cell, varies with time t according
to

q(t) = 10(1− e−t/5) C,

with t in seconds. Calculate the current in the circuit at time t = 1 s.

11. The sound of a single violin playing is 60 dB louder than the threshold of hearing. By how
many decibels does the sound of 20 violins playing in the same way exceed the threshold
of hearing?

12. A closed pipe and an open pipe produce the same frequency of sound when they vibrate
at their first harmonic or fundamental tone. What is the ratio of the length of the open
pipe to that of the closed pipe?
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13. In Young’s double slit interference, the slits are 0.10mm apart. The screen is 5.00m from
the slits, and the wavelength of the interfering light is 590 nm. Determine the spacing of
the double slit interference fringes.

14. Sunlight reflected off a flat glass sheet is totally polarized. Determine the angle of inci-
dence of the light on the sheet. The refractive index of the glass is 1.51.

15. Complete the following nuclear reaction:

35
17Cl + . . . −→ 32

16S +
4
2He

16. What is the energy of a photon of wavelength 660 nm?

17. What minimum voltage must be applied to an X-ray tube to generate X-rays with a
wavelength of 4.0 Å?
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18. The half life of a given isotope is 32min. How long does it take for the number of atoms
in a given sample to drop to a sixteenth of their original number?

19. The atomic mass of copper is 64 and its density is 8930 kgm−3. How many atoms of
copper are there in a 100 g sample?

20. Calculate the de Broglie wavelength associated with a ball of mass 100 g moving at
1.00 cm s−1.

/60
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SECTION B ELECTRICITY AND MAGNETISM 60 MARKS

QUESTION B1

A small, 3.00 g plastic sphere is suspended from a
13.0 cm insulating string of negligible mass. In the pres-
ence of a uniform electric field E = 4.90 × 103 x̂NC−1,
the sphere comes to rest as shown in the diagram along-
side.

(a) Is the charge on the sphere positive or negative?
(1)

(b) Determine the charge on the sphere. (9)

5.00 cm

1
3
.0
cm x

y

E

/10



UNIVERSITY OF KWAZULU-NATAL: SECOND SEMESTER EXAMINATION : NOVEMBER 2012

SUBJECT AND COURSE: PHYSICS 120/196

QUESTION B2

(a) (i) Write down Gauss’ law of electromagnetism in mathematical form. (1)

(ii) Define the symbols in your answer to (i) above. (3)

(b) Two concentric spherical shells of radius R and 2R, carry charge Q and −3Q respectively.
Find the magnitude of the electric field for (i) r < R and (ii) r ≥ 2R. (6)

/10
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QUESTION B3

b b b

bbb

a b c

def

6 9

3V 6V 12V

i1 i2 i3

6

12

(a) For the circuit shown above, with the directions of the currents chosen as shown, obtain
three equations from which i1, i2 and i3 can be determined. (DO NOT SOLVE FOR i1,
i2, and i3.) (5)

(b) If current i2 were calculated to be −0.25A, calculate the potential difference between
points b and e. Which point is at the higher potential? (3)

/8
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QUESTION B4

The circuit shown alongside has been connected for a
long time.

(a) Determine the voltage across the capacitor. (6)

2 F

2 6

8 4

12V

b
a

b b

b

c

bd

(Question 5(b) . . . continues over the page)
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(b) If the battery is disconnected, how long does it take for the capacitor to discharge to 1%
of its initial voltage? (8)

/14
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QUESTION B5

Two long straight parallel wires, separated by 10 cm, carry currents IA = 2.0A and IB = 5.0A
in opposite directions.

(a) Will the wires attract or repel each other? (1)

(b) With the aid of a sketch, explain your answer to (a). (4)

(c) Calculate the magnitude of the magnetic field at a point P in between the wires, 2.0 cm
from wire A, on the line joining the two wires. Indicate the direction of the magnetic field
at P. (You may use your sketch in part (b) above.) (5)

/10



UNIVERSITY OF KWAZULU-NATAL: SECOND SEMESTER EXAMINATION : NOVEMBER 2012

SUBJECT AND COURSE: PHYSICS 120/196

QUESTION B6

A solenoid of cross-sectional area 4.00 cm2 and length 20.0 cm, has three layers of windings
with 250 turns on each. The current in the solenoid is 5.00A. A secondary winding of 2 turns
encircles the solenoid. When the primary circuit is opened, the magnetic field of the solenoid
becomes zero in 50.0ms. What is the average induced emf in the secondary winding?

/8
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SECTION C WAVES 15 MARKS

QUESTION C1

A harmonic wave travelling along a string in the positive x-direction has a wavelength of 10 cm,
a frequency of 500Hz and an amplitude of 5.0 cm.

(i) Calculate the speed c of the wave. (1)

(ii) Use the above information to write down an equation for the wave profile y(x, t) assuming
that y(0, 0) = 0. (4)

(iii) Hence calculate the maximum speed of any point on the string. (3)

/8
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QUESTION C2

A transverse wave of frequency 300 Hz is applied to a string which has a mass per unit length
of 2.00× 10−2 kgm−1 and is under tension of 50.0N.

(i) Show that the speed of propagation is 50m s−1. (2)

(ii) Determine the wavelength of the wave. (1)

(iii) If the string is fixed at both ends, and is displaying a standing wave vibrating at the third
harmonic (second overtone), draw a sketch of the displacement curve for the string. (2)

(iv) Determine the length of the string. (1)

(v) How many antinodes are there? (1)

/7



UNIVERSITY OF KWAZULU-NATAL: SECOND SEMESTER EXAMINATION : NOVEMBER 2012

SUBJECT AND COURSE: PHYSICS 120/196

SECTION D PHYSICAL OPTICS 15 MARKS

QUESTION D1

An air film of thickness 6.8× 10−4mm is formed between two parallel glass blocks. A mixture
of green light of wavelength 544 nm and red light of wavelength 680 nm is incident normally on
the air film. What is the colour of the reflected light? (Show all working.)

/5

QUESTION D2

(a) In a Newton’s rings experiment the diameter of the 2nd dark ring is 2.48mm. What is
the diameter of the 9th dark ring? (4)

(b) If the radius of curvature of the plano-convex lens used in part (a) above is 5.00m, what
is the wavelength of the light being used? (2)

/6
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QUESTION D3

Describe briefly what happens to the central maximum of a single slit diffraction pattern if

(a) the wavelength of the incident monochromatic light is increased and

(b) the width of the slit is increased.

Use suitable equations and explanations to justify your answer.

/4
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SECTION E ATOMIC AND NUCLEAR PHYSICS 30 MARKS

QUESTION E1

(a) Show that one atomic mass unit is equivalent to approximately 930MeV. (4)

(b) For
235

92U, calculate

(i) the mass defect (in u),

(ii) the binding energy in MeV, and

(iii) the binding energy per nucleon. (6)

/10
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QUESTION E2

Deduce the wavelength of the photon emitted when the electron in the hydrogen atom drops
from the n = 6 level to the n = 2 level. (Take the ionization energy of the hydrogen atom as
13.6 eV.)

/6

QUESTION E3

Equal numbers (N0) of atoms of two independent radioactive isotopes A and B are present
initially in a certain mixture. The half-life of A (TA) is twice that of B (TB).

(a) On the axes below, sketch approximate decay curves for A and B up to a time 4TB. (4)

1
4
N0

1
2
N0

3
4
N0

N0

TB 2TB 3TB 4TB

(Question E3(b)... continues over the page)
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(b) If N0 = 2.4× 1013 atoms and the decay constant of A is 3.66× 10−7 sec−1, calculate

(i) the initial activity of A in microcuries (1 curie = 3.7× 1010Bq), and (4)

(ii) the mass of B remaining after a time 2.5TB , given that the atomic mass of B is
90 u. (6)

/14
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INFORMATION SHEET

PHYSICAL CONSTANTS

g = 9.80m s−2 nair = 1.00 c = 3.00× 108ms−1 e = 1.60× 10−19C
me = 0.00055 u mp = 1.0073 u mn = 1.0087 u me = 9.11× 10−31 kg

mp ≃ mn = 1.67× 10−27 kg NA = 6.02× 1023mol−1 h = 6.63× 10−34 J s

I0 = 1.00× 10−12Wm−2
1

4πε0
= 9.00× 109Nm2C−2

µ0

2π
= 2.00× 10−7TmA−1

ELECTRICITY AND MAGNETISM

F = qE j =
i

A
= nev ψ =

Qnet

ε0
ψ = EA cos θ F =

1

4πε0

q1q2

r2
r̂

E =
V

d

1

Ceq

=
∑

i

1

Ci

V = E − Ir R = ρ
ℓ

A
E =

1

4πε0

q

r2
r̂

R =
V

I
Ceq =

∑

i

Ci V = L
di

dt
W = 1

2
qV V =

1

4πε0

∑

n

qn

rn

C =
q

V

1

Req

=
∑

i

1

Ri

XL = ωL XC =
1

ωC
U =

1

4πε0

q1q2

r

V =
W

q
Req =

∑

i

Ri ω0 =
1√
LC

φ = BA cos θ q = EC
(

1− e−t/τ
)

τ = RC i = i0 cosωt q = q0e
−t/τ B =

µ0

2π

I

r

∮

C

B · dℓ = µ0Inet

P = V I
Vs

Vp
=
ns

np

E = −dφ
dt

F = BIℓ sin θ RT = R0(1 + αT )

i =
dq

dt
F = qvB sin θ B = µ0nI

F

ℓ
=
µ0

2π

I1I2

L
tanα =

XL −XC

R

VAB = VB − VA = −
∫ B

A

Edr 〈P 〉 = VrmsIrms cosα Z =
√

R2 + (XL −XC)2

PHYSICAL OPTICS AND WAVES

yn =
nλx

d
a sin θn = nλ y = A sin(kx− ωt) V ∝

√
T V =

√

T

µ

2µt = nλ d sin θn = nλ fn =
nV

2L
or

nV

4L
I = I0 cos

2 θ n = tan θB

r2n = nRλ fb = f1 − f2 β = 10 log10
I

I0
dB f ′′ =

V + vo

V − vs
· f

ATOMIC PHYSICS

E = mc2 Ek =
1
2
mv2 ℓ =

nh

2π
En = − me4

8ε20h
2
· 1

n2
F =

mv2

r

E = hf eV = hfMAX N = N0e
−λt q =

6πηr

E
(vG + vE) F = 6πηrv

A = λN nλ = 2d sin θn T =
ln 2

λ
1
2
mv2MAX = hf − φ rn =

h2ε0

πme2
n2

λ =
h

p
A = A0e

−λt Ei − Ef = hf
1

λ
= R

(

1

n2
f

− 1

n2
i

)


