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If you need the values of physical constants to answer any 
questions in this paper they may be found in the Data and 
Formulae Sheet.

Answer all eleven questions.

1 Polonium-210 decays to lead-206 by the emission of an 
alpha particle as shown in Equation 1.1.

 210 206

84 82
Po Pb αα+→    Equation 1.1

 (a) Calculate the momentum of the alpha particle if it is 
emitted with velocity of +1.60 × 104 m s–1, has a charge 
of +3.20 × 10–19 C and a mass of 6.64 × 10–27 kg. 

  [1 mark] 

  Momentum =                            kg m s–1 
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 (b) If the polonium nucleus is stationary when the decay 
occurs, what is the initial velocity of the lead nucleus 
after the decay? State the direction of motion relative to 
the -particle. [4 marks]

  Velocity =                             m s–1 

  Direction =                            

 (c) State whether this decay is elastic or inelastic and 
explain your answer with specific reference to this 
decay. [2 marks]
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2 The graph in Fig. 2.1 was drawn using data obtained 
from an experiment carried out on a fixed mass of gas at 
constant temperature. The y-axis label refers to the length 
of the tube of uniform cross-sectional area occupied by the 
gas.
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 (a) (i) Describe, with the help of a labelled sketch, the 
apparatus used to obtain the data from which the 
graph in Fig. 2.1 on page 4 can be drawn. [3 marks]

  (ii) When the gas is compressed the kinetic energy of 
the gas molecules increases. Explain why this is 
undesirable and suggest an experimental procedure 
that would counteract the increase. [2 marks]
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 (b) The data used for the graph in Fig. 2.1 on page 4 can 
also be used to plot the graph in Fig. 2.2.
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  (i) State the gas law which can be deduced from the 
graph in Fig. 2.2. [1 mark]
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  (ii) Calculate the temperature of the gas sample used in 
the experiment to obtain the data plotted in Fig. 2.2 
on page 6. The sample was enclosed in a tube of 
cross-sectional area 1.54 × 10–4 m2 and contained 
0.0018 moles of the gas. [3 marks]

   Temperature
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3 The temperature of 500 g of water drops by 6.9°C when 
placed in a fridge for 20 minutes. 350g of water, at a 
temperature of 22°C, is placed in the same fridge for 
30 minutes. What is the final temperature of the water 
after 30 minutes? Assume the containers holding the 
water samples are identical and have no impact on the 
calculation. The specific heat capacity of water is 
4190J K–1 kg–1.     [5 marks]

 Temperature =                            °C
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4 The Langhorne Speedway, shown in Fig. 4.1, was a 
purpose built automobile racetrack near Langhorne, 
Pennsylvania, USA. 

 The track was a flat circular ring of length (circumference) 
1.61 km.

 

 Fig. 4.1

 (a) Calculate the average angular velocity of a 450 kg 
racing car that completes a 50 lap race in 36.3 minutes.

  [2 marks] 

  Angular velocity =                            rad s–1 

Image removed - image showed an aerial photo of a flat circular race circuit
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 (b) Calculate the average centripetal force on the 450kg 
racing car during the race. [3 marks]

  Centripetal force =                            N 
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5 The graphs in Fig. 5.1 and Fig. 5.2 describe the motion of 
the same object. 
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 (a) What type of motion is described by the two graphs on 
page 12? Explain, in detail, how Fig. 5.2 defines this 
type of motion. [3 marks]

 (b) (i) The periodic time of the motion can be determined 
from both Fig. 5.1 and Fig. 5.2. Confirm that these 
are the same. [4 marks]

Periodic time from Fig. 5.1    Periodic time from Fig. 5.2

Periodic time =   s           Periodic time =  s
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  (ii) What other evidence exists to indicate that each 
graph describes the same motion? [1 mark]
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6 In an experiment carried out over several months in 1909, 
Geiger and Marsden aimed a stream of alpha particles at a 
thin gold foil. The alpha particles were emitted by a radon 
radioactive source. By looking through the microscope 
part of the detector, Geiger and Marsden would observe 
the scintillations (flashes) caused by the alpha particles 
when they hit the zinc sulphide screen of the detector. The 
detector could be rotated a full 360° around the gold foil. 
They used apparatus similar to that shown in Fig. 6.1.

incident alpha
particles deflected alpha

particles
 

 

gold foil glass 

alpha 
particle
detector

radioactive
source 

 

θ

Fig. 6.1
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 (a) The gold foil had a thickness of 8.6 × 10–6 cm and was 
so thin that it had to be supported by draping it over a 
solid glass plate, see Fig. 6.1 on page 15. The glass 
was chosen because it was almost transparent to 
alpha particles.

  Table 6.1 contains data from the Geiger-Marsden 
  -scattering experiment. The data was collected over 

51 hours.

Table 6.1

Detector
Angle
θ/°

Mean number of scintillations per minute

Without 
foil

With 
foil

Corrected 
for effect 
without foil

Corrected for 
decay

 60 0.3 69.2 68.9 101

 75 0.0 28.6 28.6 41.9

105 0.6 10.6 10.0 14.6

120 3.8 10.3 6.5 9.5

135 2.6 8.3 5.7 8.4

150 0.2 4.9 4.7 6.9

Note. A detector angle of 0° corresponds to the alpha particles 
passing straight through the gold foil.
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  (i) Explain the purpose of recording data in the columns 
headed “Without foil”, “With foil” and “Corrected for 
effect without foil”. [2 marks]

   (ii) Suggest a reason why it was impractical for Geiger 
and Marsden to record data for angles less than 60°.
[1 mark]

  (iii) Given that the -scattering data was collected over 
a 51 hour period, explain the final column “Corrected 
for decay”. [2 marks]
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 (b) Explain how the data obtained from the alpha scattering 
experiment leads to the nuclear model of an atom.

  [3 marks]
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7 (a) (i) Explain the phrase “the random nature of 
radioactive decay ”. [1 mark]

  (ii) What does the term exponential decay mean?
   [1 mark]

 (b) (i) Describe a simple experiment which illustrates 
exponential decay and does not involve the actual 
use of a radioactive material.

   1. List the apparatus used and the results that are 
taken. [2 marks]
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   2. Describe the procedure for gathering data. 
    [2 marks]
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  (ii) Explain how the results can be used to draw a graph 
to show that the modelled decay is exponential. 
The space below is provided for any graph you may 
choose to sketch in answering this question. 

   [3 marks]
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 (c) Strontium-89 decays by the emission of beta particles 
and has a half life of 51 days. Calculate the activity of a 
sample of strontium-89 after one day. Initially the sample 
contained 5.98 × 1025 atoms. [3 marks]

  Activity =                             Bq
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8  Induced fission of uranium-235 results in the reaction 
described in Equation 8.1.

 
++→→+ +136

54
98
42

11
00

235
92 2XeMoU n n Q

 
  Equation 8.1

Symbol Description Rest mass/u

→235
92U uranium nuclide 235.044

→98
42Mo molybdenum nuclide  97.905

→ 136
54Xe xenon nuclide 135.917

→1
0n neutron  1.009

→ Q quantity of energy released not applicable
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 (a)  Calculate the energy released, in joule, from the fission 
of a single uranium-235 nucleus in the reaction

  described in Equation 8.1 on page 24. [4 marks]

  Q =                            J

 (b)  Calculate the energy released from the fission of 1.00kg 
of uranium-235. [2 marks]

  Q =                            Jkg–1



8705.03  MV18 26 

In this question you will be assessed on the quality of 
your written communication. You are advised to answer in 
continuous prose.

9  The main components of a reactor capable of controlled 
uranium-235 fission are shown in Fig. 9.1.

 

concrete
containment 

uranium rods

heavy
water

heavy
water

boron rods 

 Fig. 9.1
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 (a)  Name the function of the boron rods and explain why 
they have to be able to move up and down.  [2 marks]

 (b)  Explain why the uranium fuel is inserted into the reactor 
in rods rather than as one single mass. [1 mark]

 (c)  The heavy water performs two functions within the 
reactor. 

  (i)  One function is to act as a moderator. Explain why 
this is necessary. [2 marks]
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  (ii)  Name the other function of the heavy water and 
explain why this is necessary. [1 mark]

 Quality of written communication [2 marks]
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10 (a) (i) State and explain the conditions required for   
nuclear fusion. [2 marks]

  (ii)  Outline three possible methods of plasma 
confinement. [3 marks]
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 (b)  Estimate the temperature of a high mass star when 
fusion is taking place if the mean kinetic energy per 
nuclide involved is 4.48 × 10–14 J. [2 marks]

  Temperature                            K
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Data Analysis Question

This question contributes to the synoptic requirement of 
the specifi cation. In your answer you will be expected to 
bring together and apply principles and concepts from 
different areas of physics, and to use the skills of physics 
in the particular situation described.

11  In a radioactive disintegration the original nucleus, called 
the parent, changes into another nucleus, called the 
daughter. The daughter may be radioactive and decay 
further giving rise to a decay chain or series. Table 11.1 
provides information about the Thorium series -emitters.

Table 11.1

Parent 
nuclide 
symbol

Range in 
air/mm

Kinetic 
energy 
of emitted 

/MeV

Half-life 
of nuclide /s–1

232
90Th 29.0 3.98 1.39 × 1010 y 1.58 × 10–18

228
90Th 40.2 5.42 1.9 y 1.16 × 10–8

224
88Ra 43.5 5.68 3.64 d 2.20 × 10–6

220
86Rn 50.6 6.28 54.5 s 1.27 × 10–2

216
84Po 56.8 6.77 0.16 s 4.33

212
84Po 86.2 8.77 3 × 10–7 s 2.31 × 106

Where y = years, d = days, s = seconds
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 (a)  Equation 11.1 shows the theoretical relationship 
between the range, R, of the -particles and their 
velocity, v.

  R = av3   Equation 11.1

   Use the data for 216
84Po in Table 11.1 on page 32 to

  determine a value for constant a, in S.I. units. [4 marks]
  Note, the -particle has a mass of 6.64 × 10–27 kg.

  Constant a =                            m–2 s3
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 (b)  An -particle loses energy through ionisation of the 
particles of the material through which it is moving. On 
the axes of Fig. 11.1 are plotted points to show the 
manner in which an -particle from a polonium-210 
nucleus loses its energy moving through air.
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  (i) Draw a best fit curved line through the points of 
Fig. 11.1. [1 mark]
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  (ii)  The “range” of the -particle is found by 
extrapolating the almost vertical part of the curve 
to zero relative ionisation. Determine the range of 
these -particles in air. [1 mark]

   Range =                               mm

  (iii) Describe how relative ionisation varies with 
   -particle velocity. [1 mark]
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 (c)  Fig. 11.2 is a graph drawn from the data for the Thorium 
series of -particle emitters given in Table 11.1 on 
page 32. The linear relationship between the plotted 
quantities is called the Geiger–Nuttall equation.
T
2
1  is the half-life (in seconds) of the nuclide and Q is

  the kinetic energy (in MeV) with which the -particle is 
emitted from the nucleus and Z is the atomic number of 
the daughter nucleus. 
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  (i)  Show that the Geiger–Nuttall equation from the 
specific linear relationship shown in Fig. 11.2 is:

   [4 marks]

   log (T )
Q

1.4Z 45
2
1 = -10
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  (ii)  By calculation, determine whether this Geiger–Nuttall 
equation is consistent to within 5% for an -emitter 
from the Radium series. Table 11.2 provides the 
necessary data on uranium-238, part of the Radium 
series.

   Table 11.2

Parent Nuclide 
symbol

Energy/MeV Half-life/s

238
92U 4.27 1.41 × 1017

    N.B. Z, in the Geiger–Nuttall equation, is the atomic 
number of the daughter nuclide. [4 marks]
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THIS IS THE END OF THE QUESTION PAPER
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