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The formulae below may be of use to you.
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You have three hours to complete this examination.

QUESTION ONE:  NUCLEAR EXCHANGES  (8 marks)

Surface area of a sphere = 4π r2  
Distance from the Sun to the Earth = 1.50 × 1011 m 
The speed of light = 3.00 × 108 m s–1

(a)	 Nuclear fission and nuclear fusion are opposite processes, yet each releases energy. 

	 Explain why this is not a contradiction.

(b)	 Explain why controlled nuclear fusion is difficult to achieve.
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(c)	 Give physical reasons why each of the two statements below is incorrect.

	 (i)	 The nucleus of an atom cannot consist of neutrons and protons, because negatively 
charged particles, much lighter than either neutrons or protons, are often emitted from 
the nucleus.

	 (ii)	 The nucleus of an atom cannot consist of neutrons and protons because protons repel 
each other, so any nucleus with more than one proton would be unstable.

(d)	 The Sun loses mass at the rate of 4 × 109 kg s–1. 

	 Calculate the site area required for a 1000 MW solar power station on the Earth. 

	 State all assumptions.
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QUESTION TWO:  ELECTRICITY  (8 marks)

A 75 W non-inductive filament light bulb is designed to run from an AC supply of 120 VRMS and 
50 Hz. The only supply available is 240 VRMS and 50 Hz.

(a)	 Calculate the resistance, R, that would have to be placed in series with the bulb so that the 
bulb could run at the correct power, and calculate the resultant power drawn from the supply. 

(b)	 The resistance is replaced with an ideal inductor. 

	 Calculate the inductance, L, that must be used so that the bulb can operate at the correct 
power, and calculate the resultant power drawn from the supply.

(c) 	 In the circuit shown below, the bulbs B1 and B2 are identical.

B1

B2

Ideal inductor

	 (i)	 Describe what will happen to the brightness of B1 and B2 when the switch is closed.
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	 (ii)	 Describe what will happen to the brightness of B1 and B2 when the switch is then 
opened.

(d)	 Explain the effect on the previous answers if the inductor is “non-ideal”:

	 (i)	 when the switch is closed

	 (ii)	 when the switch is then opened.
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QUESTION THREE:  CAPACITOR ENERGY  (8 marks)

In the circuit shown, a capacitor C1, which is holding 
a charge Q, has an initial potential difference of Vo. 
Capacitor C2 is initially uncharged. 

At time t = 0, the switch is closed.

(a)	 Explain what changes will take place to the charge 
on each capacitor and to the potential difference 
across each capacitor.

(b)	 The value of C
C

2

1=
p

 (where p ≥ 0). 

	 Show that the final charge on C1 is Q Q p
p1
1

f
=

+
 

	 and that the final charge on C2 is Q Q
p2

1

1
f
=

+
.

R
Switch

C2 (initially uncharged)

C1 (charge = Q)
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(c)	 Explain, using physical principles, the meaning of these results by considering the limiting 
cases when p approaches zero and when p tends to infinity.

(d)	 Show that when the switch is closed, the stored energy will change by a factor of 
p
p + 1 .

	 Comment on the role of the resistor R when the switch is closed.
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QUESTION FOUR:  SPECTROSCOPE  (8 marks)

The speed of light = 3.00 × 108 m s–1

A spectroscope fitted with a diffraction grating is used to observe the spectrum of excited helium 
gas in a laboratory discharge tube. One first order bright line of wavelength 587.563 nm is observed 
at a deviation of 20.6426°.

(a)	 Calculate the number of lines per cm on the diffraction grating.

The spectroscope and grating are used to obtain the spectrum of a distant star, which shows a bright 
line blurred between 587.60 nm and 587.67 nm. This line is thought to be due to the same electron 
transition that produced the 587.563 nm line in the laboratory.

(b)	 Explain the difference between the laboratory and the stellar wavelengths.
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(c) 	 Using the equations for the Doppler effect, show that

	   

vsource

c
=
Δλ
λ

	 where c is the speed of light, ∆λ is the difference between the wavelength from the star and 
λ, the wavelength as measured in the laboratory, and vsource is the speed of the star relative to 
the Earth.

(d)	 Estimate the speed of the star relative to the Earth. 

	 State any assumptions.

(e)	 Explain two possible mechanisms that cause the emission line from the star to be blurred.
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QUESTION FIVE:  SIMPLE HARMONIC MOTION  (8 marks)

An object of mass M is connected to a pair of identical springs as shown.

M

(a)	 Show that M will oscillate with SHM when given a small horizontal displacement, x.

(b)	 This oscillating mass system starts with zero momentum when released from its initial 
displacement. At the mid point of the motion the system seems to have gained quite a lot of 
momentum. This appears to contradict the law of conservation of momentum. 

	 Explain why there is no contradiction.
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(c)	 A second object of mass m, initially at rest, is placed gently onto mass M and sticks to it.

M

m

	 (i)	 By what factor does the energy of the oscillation change if mass m is added when the 
mass M is moving through its position of maximum velocity?

	 (ii) 	 By what factor does the energy of the oscillation change if mass m is added when mass 
M is at its position of maximum acceleration?

(d)	 The maximum frictional force between masses m and M is µ N, where µ is the coefficient of 
static friction between the pair of masses and N is the normal reaction force on mass m.

	
	 Show that the maximum amplitude of oscillation, A, for which the mass m will not slip is 

given by 

		
  

µg M + m( )
2k

,	 where k is the spring constant of each spring, and
				    g is the acceleration due to gravity.
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QUESTION SIX:  ELEMENTS OF MECHANICS  (8 marks)

(a)	 If a light object (small mass) and a heavy object (large mass) have the same kinetic energy, 
explain which of the two has the larger momentum.

(b)	 (i)	 A television safety advertisement features a car taking corners at dangerously high 
speeds. The danger is symbolised by land-mines appearing scattered around the corners. 
As the vehicle approaches a corner, the voice-over says “There is more force taking you 
off the road and less force keeping you on it.” The car skids across the road and rolls 
over an embankment.

		  Discuss the accuracy of the voice-over statement, with reference to centripetal force and 
friction.
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	 (ii)	 In another safety advertisement, a car is shown going into a skid. We are told that if the 
driver had started the skid while doing 50 km h–1, he would have stopped at point A. 
However he started the skid while doing 60 km h–1. 

		  Calculate his speed when he reached point A.

(c)	 A light, frictionless belt carries a smooth cylinder (A), 
as shown in the diagram. The 10 kg mass is falling at 
constant velocity. 

	 Assume the pulley is frictionless.

	 Calculate the mass of cylinder A.

A

pulley

10 kg
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