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The formulae below may be of use to you.
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QUESTION ONE:  PARTICLES AND WAVES

(a) (i) Describe the photoelectric effect. 

  In your answer you should include a derivation of the relationship between the incident 
photon’s frequency and the electron’s kinetic energy, and how these relate to the work 
function of the metal.

 (ii) The photoelectric effect was unable to be fully explained using classical physics. 

  Comment on this statement. 

(b) Describe the similarities and the differences between the orbit of the Moon around the Earth 
and the orbit of an electron around a proton in a hydrogen atom.
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(c) Sound from a small loudspeaker L reaches a point P by two paths, which differ in length 
by 1.2 m. When the frequency of the sound is gradually increased, the resultant intensity at 
P goes through a series of maxima and minima. A maximum occurs when the frequency is 
1000 Hz, and the next maximum occurs at 1200 Hz. 

 (i) Explain what causes the maxima and minima to occur.

 (ii) Calculate the speed of sound in the medium between L and P.
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QUESTION TWO:  THE VERTICAL CIRCLE

A small ball of mass m, hangs from a light, inextensible string attached to a fixed 
horizontal post of radius r1, as shown.

The ball is hit horizontally with a large bat so that the ball wraps the string around 
the post.

(a) Show that the ball’s speed at the top of its first swing must be at least 

vtop = g r2 −
π r1
2

⎛
⎝⎜

⎞
⎠⎟  

so that the string remains taut.

(b) For the speed of the ball in (a), show that the initial speed must be at least

vinitial = g 5r2 −
3π
2
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(c) Assuming an elastic collision, show that the speed of the bat is approximately half that of the 
ball’s initial speed. 

 State any other assumptions made, and the reasons for them.

(d) As the ball completes its first orbit around the post, explain why the ball appears to be 
travelling at a speed greater than its initial value.

7

Physics 93103, 2015

ASSESSOR’S 
USE ONLY

(8)



QUESTION THREE:  CRICKET – THROW IN FROM THE BOUNDARY

Acceleration due to gravity = 9.81 m s–2

(a) Show that the range, R, of a projectile thrown from ground level at angle, φ, to the horizontal 

with starting velocity, v, is v sin 2
g

2 φ .
 

 (Note that 2sin cos sin 2 .φ φ φ= )

(b) A cricket ball is thrown from ground level with a velocity 28.0 m s–1, and hits a target on the 
ground 80.0 m away. 

 Show that the time of flight of the ball is 4.04 s. 

 The effects of air resistance can be ignored.

(c)  The ball is now thrown at the same target, with the same initial speed, but at a lower angle. 
This time, it is aimed to bounce in front of the target, so that it hits the target on the second 
bounce. When the ball bounces the first time, it rebounds with the same angle as it came in, 
but it loses half its speed.

 (i) Calculate the time taken for the ball to reach the target.
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 (ii) Discuss, with physical reasons, the difference in times between parts (b) and (c)(i).

(d) Any real throw of a ball would be from approximately head height, rather than from ground 
level. 

 Show that the range achieved by a throw from a height of 2 m above the ground would be

  
vcosφ vsinφ + v2 sin2φ + 4g

g
⎛

⎝
⎜

⎞

⎠
⎟
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QUESTION FOUR:  CIRCUITS

V R

R

L

(a) In the electric circuit shown, the switch is closed at time t = 0.

 (i) Write an expression for the current immediately after the switch is closed.

  Explain your reasoning.

 (ii) Write an expression for the limiting value of the current a long time after the switch is 
closed.

  Explain your reasoning.

(b) (i)  A charged capacitor (1.00 F) is connected to an inductor (1.00 H), as shown in the 
diagram below. When the switch is closed (at t = 0), the current in the circuit will 
oscillate sinusoidally with a period of 6.28 s. 

  Describe the energy changes that take place in the course of one complete cycle.

 

L = 1.00 HC = 1.00 F
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 (ii) The capacitor plates can be moved closer together so that the capacitance is increased to 
4.00 F. 

  Explain at what point in the cycle, could the plates of the capacitor be moved closer to 
each other so that no energy is transferred to the circuit. 

(c) A slab of copper falls freely under the influence of gravity before entering the region 
between the poles of a strong magnet. As it enters the magnetic field, the copper slab slows 
considerably. 

 Explain why this occurs, and state what has happened to the kinetic energy of the copper slab. 

 

11

Physics 93103, 2015

ASSESSOR’S 
USE ONLY

(8)



QUESTION FIVE:  WAVES ON STRINGS

The speed v of a wave on a string is given by, v = T
µ

, where T is the tension in the string, and µ is 

the mass per unit length, measured in kg m–1.

(a) Show that the above equation is dimensionally correct.

(b) One end of a string of mass per unit length µ is attached to a solid wall, while the other end 
passes over a pulley, and is attached to a hanging mass, m, as shown in Figure 1.

 A second string of the same length and made of the same material, but with twice the 
diameter, is mounted in a similar fashion with an identical mass, m, as shown in Figure 2.

 The first string oscillates in its first harmonic when it is driven at a frequency of 200 Hz. 

 Calculate the frequency that will cause the second string to oscillate in its third harmonic.

Figure 2Figure 1
wall

mass

pulley

wall

mass

pulley

m m

L L
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(c) Now the first string is hung so that both ends go 
over pulleys, with the masses suspended at each 
end, as shown in Figure 3. 

 Calculate the frequency of the fifth harmonic.

 

 

 

 

 

(d) Two strings made from the same material are both fixed at each end, and both are under 
the same tension. The first string has a length L1 (= 1.00 m), and is being driven so that it 
oscillates in a transverse standing wave mode with a frequency of 400 Hz. The second string, 
with length L2 (= 1.18 m), is also oscillating in a standing wave mode, but with a slightly 
lower frequency. An observer notices that the standing wave on the second string has one 
more node than that on the first string. The observer hears a 4.5 Hz beat, as a result of the 
combined sound coming from the two standing waves. 

 Calculate the number of nodes present in the first standing wave.

m

Figure 3

mass mass

pulley pulley

m

L
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