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Data

speed of light in free space, c = 3.00 × 108 m s–1

permeability of free space, μ0 = 4π × 10–7 H m–1

permittivity of free space, ε0 = 8.85 × 10–12 F m–1

 
 (

1
4πε0   

= 8.99 × 109 m F–1)

elementary charge, e = 1.60 × 10–19 C

the Planck constant, h = 6.63 × 10–34 J s

unified atomic mass constant, u = 1.66 × 10–27 kg

rest mass of electron, me = 9.11 × 10–31 kg

rest mass of proton, mp = 1.67 × 10–27 kg

molar gas constant, R = 8.31 J K–1 mol–1

the Avogadro constant, NA = 6.02 × 1023 mol–1

the Boltzmann constant, k = 1.38 × 10–23 J K–1

gravitational constant, G = 6.67 × 10–11 N m2 kg–2

acceleration of free fall, g = 9.81 m s–2
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Formulae

uniformly accelerated motion, s = ut +  �� at 2

 v2 = u2
 + 2as

work done on/by a gas, W = pΔV

gravitational potential, φ  = – 
Gm

r

hydrostatic pressure, p = ρgh

pressure of an ideal gas, p =  �� 
Nm
V

<c2>

simple harmonic motion, a = – ω 2x

velocity of particle in s.h.m., v = v0 cos ωt

 v = ± ω (x0
2 – x 2)

electric potential, V  = Q
4πε0r

capacitors in series, 1/C = 1/C1 + 1/C2 + . . .

capacitors in parallel, C = C1 + C2 + . . .

energy of charged capacitor, W =  �� QV

resistors in series, R = R1 + R2 + . . .

resistors in parallel, 1/R = 1/R1 + 1/R2 + . . .

alternating current/voltage, x = x0 sin ω  t

radioactive decay, x = x0 exp(–λt )

decay constant, λ = 
0.693

t ��
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Answer all the questions in the spaces provided.

1 (a) The intensity of a progressive wave is defined as the average power transmitted through a 
surface per unit area.

  Show that the SI base units of intensity are kg s−3.

 [2]

 (b) (i) The intensity I of a sound wave is related to the amplitude x0 of the wave by

     I = Kρcf 2x0
2

   where ρ is the density of the medium through which the sound is passing,
    c is the speed of the sound wave,
    f is the frequency of the sound wave
   and K is a constant.

   Show that K has no units.

 [2]
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  (ii) Calculate the intensity, in pW m−2, of a sound wave where

    K = 20,
    ρ = 1.2 in SI base units,
    c = 330 in SI base units,
    f = 260 in SI base units
   and x0 = 0.24 nm.

 intensity =  ..............................................pW m−2 [3]
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2 A signal generator is connected to two loudspeakers L1
 and L2, as shown in Fig. 2.1.

signal
generator

L1

C

B

A
M

c.r.o.

L2

Fig. 2.1

 A microphone M, connected to the Y-plates of a cathode-ray oscilloscope (c.r.o.), detects the 
intensity of sound along the line ABC.

 The distances L1A and L2A are equal.
 The time-base of the c.r.o. is switched off.

 The traces on the c.r.o. when M is at A, then at B and then at C are shown on Fig. 2.2, Fig. 2.3 and 
Fig. 2.4 respectively.

1.0 cm

M at A M at B M at C

          Fig. 2.2          Fig. 2.3          Fig. 2.4

 For these traces, 1.0 cm represents 5.0 mV on the vertical scale.

 (a) (i) Explain why coherent waves are produced by the loudspeakers.

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[1]
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  (ii) Use the principle of superposition to explain the traces shown with M at

1. A,

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[1]

2. B,

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[1]

3. C.

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[1]

 (b) The sound emitted from L1 and L2 has frequency 500 Hz. The time-base on the c.r.o. is 
switched on.

  The microphone M is placed at A.

  On Fig. 2.5, draw the trace seen on the c.r.o.

  On the vertical scale, 1.0 cm represents 5.0 mV. On the horizontal scale, 1.0 cm represents 
0.10 ms.

1.0 cm

1.0 cm

Fig. 2.5
 [3]
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3 A steel ball falls from a platform on a tower to the ground below, as shown in Fig. 3.1. 

192 m
path of
balltower

platform ball

ground

Fig. 3.1

 The ball falls from rest through a vertical distance of 192 m. The mass of the ball is 270 g.

 (a) Assume air resistance is negligible.

  (i) Calculate

   1. the time taken for the ball to fall to the ground,

 time taken =  ........................................................s [2]

   2. the maximum kinetic energy of the ball.

 maximum kinetic energy =  ........................................................J [2]

  (ii) State and explain the variation of the velocity of the ball with time as the ball falls to the 
ground.

 ...........................................................................................................................................

 .......................................................................................................................................[1]

  (iii) Show that the velocity of the ball on reaching the ground is approximately 60 m s–1.

 [1]
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 (b) In practice, air resistance is not negligible. The variation of the air resistance R with the 
velocity v of the ball is shown in Fig. 3.2.

0 20

4.0

3.0

2.0

0

1.0

40 60 80
v / m s–1

R / N

100

Fig. 3.2

  (i) Use Fig. 3.2 to state and explain qualitatively the variation of the acceleration of the ball 
with the distance fallen by the ball.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[3]

  (ii) The speed of the ball reaches 40 m s–1. Calculate its acceleration at this speed.

 acceleration =  ................................................. m s–2 [2]

  (iii) Use information from (a)(iii) and Fig. 3.2 to state and explain whether the ball reaches 
terminal velocity.

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[2]



10

9702/23/O/N/15© UCLES 2015

4 A block is pulled on a horizontal surface by a force P as shown in Fig. 4.1.

block

60°

vertical 

horizontal

P = 35 N

weight = 180 N

Fig. 4.1

 The weight of the block is 180 N. The force P is 35 N at 60° to the vertical.
 The block moves a distance of 20 m at constant velocity. 

 (a) Calculate

  (i) the vertical force that the surface applies to the block (normal reaction force),

 force =  ....................................................... N [2]

  (ii) the work done by force P.

 work done =  ........................................................J [2]
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 (b) (i) Explain why the block continues to move at constant velocity although work is done on 
the block by force P.

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[1]

  (ii) Explain, in terms of the forces acting, why the block remains in equilibrium.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[2]



12

9702/23/O/N/15© UCLES 2015

5 (a) The I-V characteristic of a semiconductor diode is shown in Fig. 5.1.

0 0.20

12.0

8.0

0

4.0

0.40 0.60 0.80
V / V

I / mA

14.0

10.0

6.0

2.0

Fig. 5.1

  (i) Use Fig. 5.1 to explain the variation of the resistance of the diode as V increases from 
zero to 0.8 V.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[3]

  (ii) Use Fig. 5.1 to determine the resistance of the diode for a current of 4.4 mA.

 resistance =  .......................................................Ω [2]
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 (b) A cell of e.m.f. 1.2 V and negligible internal resistance is connected in series to a semiconductor 
diode and a resistor R1, as shown in Fig. 5.2.

R1

R2

7.6 mA

1.2 V

375 

Fig. 5.2

  A resistor R2 of resistance 375 Ω is connected across the cell.
  The diode has the characteristic shown in Fig. 5.1. The current supplied by the cell is 7.6 mA.

  Calculate

  (i) the current in R2,

 current =  ....................................................... A [1]

  (ii) the resistance of R1,

 resistance =  .......................................................Ω [2]

  (iii) the ratio

     power dissipated in the diode
power dissipated in R2

 .

 ratio =  ...........................................................[2]
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6 An arrangement for producing stationary waves in air in a tube that is closed at one end is shown 
in Fig. 6.1.

signal
generator

air

loudspeaker

L
tube of

adjustable
length

Fig. 6.1

 A loudspeaker produces sound waves of wavelength 0.680 m in the tube.
 For some values of the length L of the tube, stationary waves are formed.

 (a) Explain how stationary waves are formed in the tube.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...............................................................................................................................................[2]

 (b) The length L is adjusted between 0.200 m and 1.00 m.

  (i) Calculate two values of L for which stationary waves are formed.

 L = .................................. m and L = .............................. m [2]

  (ii) On Fig. 6.2, label the positions of the antinodes with an A and the nodes with an N for the 
least value of L for which a stationary wave is formed.

Fig. 6.2
 [1]
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7 A steel wire of cross-sectional area 15 mm2 has an ultimate tensile stress of 4.5 × 108 N m–2.

 (a) Calculate the maximum tension that can be applied to the wire.

 tension =  ....................................................... N [2]

 (b) The steel of the wire has density 7800 kg m–3. The wire is hung vertically.

  Calculate the maximum length of the steel wire that could be hung vertically before the wire 
breaks under its own weight.

 length =  ......................................................  m [3]

Please turn over for
Question 8.



16

9702/23/O/N/15© UCLES 2015

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every reasonable 
effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the publisher will 
be pleased to make amends at the earliest possible opportunity.

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge International 
Examinations Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download at www.cie.org.uk after 
the live examination series.

Cambridge International Examinations is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of University of Cambridge Local 
Examinations Syndicate (UCLES), which is itself a department of the University of Cambridge.

8 (a) State the quantities, other than momentum, that are conserved in a nuclear reaction.

 ...................................................................................................................................................

 ...............................................................................................................................................[2]

 (b) A stationary nucleus of uranium-238 decays to a nucleus of thorium-234 by emitting an 
α-particle. The kinetic energy of the α-particle is 6.69 × 10–13 J.

  (i) Show that the kinetic energy Ek of a mass m is related to its momentum p by the equation

Ek = p2

2m
 .

 [1]

  (ii) Use the conservation of momentum to determine the kinetic energy, in keV, of the thorium 
nucleus.

 kinetic energy =  ...................................................  keV [3]


