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Fisson Questions 
 

1. In a reactor a nucleus of the uranium isotope 𝑈"#
#$%  undergoes fission whe it absorbs a neutron 𝑛'( . 

One possible pair of products is 𝐾$*
"'  and 𝐵𝑎%*

(-$ . 
 
a) i) Write an equation for this reaction showing all the particles produced. 

ii) Explain with the aid of a diagram, how a chain reaction is produced. 
b) Fission occurs with neutrons of kinteic energy 0.025eV. 

i) Express 0.025eV in joules. 
ii) Determine the speed of the 0.025eV neutrons. 

 

2. Nuclear fission in the uranium isotopes U – 238 and U – 235 is caused by neutron bombardment. 
a) i) State the principal features of nuclear fission. 

ii) State one similarity and one difference between the nuclei of U – 238 and U – 235. 

b) A free neutron decays by β-emission. Write a nuclear equation for this reaction. 
c) Free neutrons have a half life of 12 minutes. Determine their decay constant in s-1. 

 

3. Deuterium ( 𝐻)(
#  and tritium ( 𝐻)(

$  nuclei will fuse together, as illustrated in the equation below: 

𝐻(# +	 𝐻($ 		→ 𝑋 + 𝑛𝑒𝑢𝑡𝑟𝑜𝑛9
:  

a) State the nucleon number and the proton number fot the product of the reaction which has 
been written as X in the equation. 
 

Nucleaon number …………………….. 
 
Proton number …………………………. 
 

b) The masses of the particles involved in the reaction are: 

Mass of 𝐻(#    = 3.34250 x 10-27 kg 

Mass of 𝐻($    = 5.00573 x 10-27 kg 

Mass of 𝑋9:    = 6.62609 x 10-27 kg 

Mass of neutron = 1.67438 x 10-27 kg 

i) Explain why energy is released during this reaction. 
ii) Calculate the amount of energy released when a deuterium nucleus fuses with a tritium 

nucleus. 
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Basic Exam Questions 

Q1.          A nuclide of manganese  undergoes beta+ decay to form a nuclide of chromium (Cr). 

(a)     Complete the equation for this decay process. 

Mn  Cr + β+ +  
(2) 

(b)     State the name of the exchange particle involved in this beta+ decay. 

...................................................................................................................... 
(1) 

(Total 3 marks) 
 
 

Q2.          (a)     An unstable nucleus, , can decay by emitting a β– particle. 

(i)      What part of the atom is the same as a β– particle? 

............................................................................................................. 
(1) 

 

(ii)     State the changes, if any, in A and Z when X decays. 

change in A ......................................................................................... 

change in Z .......................................................................................... 
(2) 

 
 

(b)     In the process of β– decay an anti-neutrino is also released. 

(i)      Give an equation for this decay. 

............................................................................................................. 
(1) 

 

(ii)     State and explain which conservation law may be used to show that it is an 
anti-neutrino rather than a neutrino that is released. 

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

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

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

............................................................................................................. 
(2) 
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(iii)     What must be done to validate the predictions of an unconfirmed scientific theory? 

 

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

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

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

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

............................................................................................................. 
(2) 

(Total 8 marks) 

Q3.(a)     The unstable uranium nucleus  is produced in a nuclear reactor. 

(i)      Complete the equation which shows the formation of . 

 

 
 
 

(ii)      can decay by nuclear fission in many different ways. Complete the equation 
which shows one possible decay channel. 

  
(2) 

 
 
 

(b)     Calculate the energy released, in MeV, in the fission reaction. 

atomic mass of  = 144.92694 u 

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

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

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

........................................................................................................................ 
(3) 

(Total 5 marks) 
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Q4.(a)     Sketch a graph to show how the number of neutrons, N, varies with the number of protons, 
Z, for stable nuclei over the range Z = 0 to Z = 80. Draw a scale on the N axis. 

 

 
 
 

(2) 

(b)     On the same graph, enclosing each region by a line, indicate the region in which nuclides 
are likely to decay, by 

(i)      α emission, labelling the region A, 

 
 
 

(ii)     β– emission, labelling the region B, 

 
 
 

(iii)    β+ emission, labelling the region C. 
(3) 
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(c)     Complete the table. 
  

  mode of decay change in proton number Z change in neutron number N 

  α emission −2   

  β– emission     

  β+ emission     

  e capture     

  p emission   0 

  n emission 0   
 

(3) 
(Total 8 marks) 

Q5.Natural uranium consists of 99.3%  and 0.7%  In many nuclear reactors, the fuel 
consists of enriched uranium enclosed in sealed metal containers. 

(a)     (i)      Explain what is meant by enriched uranium. 

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

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

(ii)     Why is enriched uranium rather than natural uranium used in many nuclear 
reactors? 

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

............................................................................................................... 
(2) 

 

(b)     (i)      By considering the neutrons involved in the fission process, explain how the rate of 
production of heat in a nuclear reactor is controlled. 

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

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

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

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

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

............................................................................................................... 
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(ii)     Explain why all the fuel in a nuclear reactor is not placed in a single fuel rod. 

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

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

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

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

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

............................................................................................................... 
(5) 

(Total 7 marks) 
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Nuclear Comprehension Question 

In an early model, the atom was imagined as a sphere of positive charge with negatively charged electrons dotted 
around inside, rather like plums in a pudding. An experiment was carried out in 1905 to support this 'plum pudding' 
model of the atom but the results were unexpected. 

Rutherford designed an experiment to test the plum pudding model. It was carried out by his assistants Geiger and 
Marsden. A beam of alpha particles was aimed at very thin gold foil and their passage through the foil detected. The 
scientists expected the alpha particles to pass straight through the foil but something else also happened. 

Some of the alpha particles emerged from the foil at different angles and some even came straight back. The 
scientists realised that the positively charged alpha particles were being repelled and deflected by a tiny 
concentration of positive charge in the atom. As a result of this experiment, the plum pudding model was replaced 
by the nuclear model of the atom. 

Q.The diagram below shows the apparatus used to investigate Rutherford scattering, in which α 
particles are fired at a gold foil. 

  

 

(a)     Why is it essential for there to be a vacuum in the chamber? 

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

........................................................................................................................ 
(2) 

(b)     What observations made with this apparatus support each of the following conclusions? 
No explanation is required. 

(i)      The nuclear radius of gold is much smaller than its atomic radius. 

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

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

(ii)     Most of the mass of an atom of gold is contained in its nucleus. 

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

............................................................................................................... 
(3) 
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(c)     The drawing below shows α particles incident on a layer of atoms in a gold foil. 

On this figure draw the complete path followed by each of the α particles shown. 

  
(3) 

(Total 8 marks) 
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Extended Writing Questions 

Q1.          (a)     Bi can decay into Pb by a β– followed by an α decay, or by an α followed by a    
β– decay. One or more of the following elements is involved in these decays: 

 

 

 

Write out decay equations showing each stage in both of these decays. 
  

First decay path Second decay path 

  
  
  
  
  
  
  
  

  

 
(6) 

 
 
 

(b)     (i)      Describe how you would perform an experiment that demonstrates that gamma 
radiation obeys an inverse square law. 

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

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

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

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

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

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

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

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

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

............................................................................................................. 
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(ii)     Explain why gamma radiation obeys an inverse square law but alpha 
and beta radiation do not. 

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

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

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

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

............................................................................................................. 
(9) 

(Total 15 marks) 

Q2.          (a)     (i)      Explain why, despite the electrostatic repulsion between protons, the nuclei of 
most atoms of low nucleon number are stable. 

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

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

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

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

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

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

(ii)     Suggest why stable nuclei of higher nucleon number have greater numbers of 
neutrons than protons. 

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

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

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

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

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

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

(iii)     All nuclei have approximately the same density.  State and explain what this 
suggests about the nature of the strong nuclear force. 

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

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

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

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

............................................................................................................... 
(6) 
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(b)     (i)      Compare the electrostatic repulsion and the gravitational attraction between a pair 
of protons the centres of which are separated by 1.2 ×10–15 m. 

proton charge                         =     1.6 × 10–19 C 
proton mass                           =     1.7 × 10–27 kg 
gravitational constant             =     6.7 × 10–11 N m2 kg–2 

permittivity of free space        =     8.9 × 10–12 F m–1 

  

  

  

 
 
 

(ii)     Comment on the relative roles of gravitational attraction and electrostatic repulsion 
in nuclear structure. 

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

............................................................................................................... 
(5) 

(Total 11 marks) 
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Nuclear Olympiad Question
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Fission Questions Answers – Page 6 

 

 

 

Basic Exam Question Answers 

A1.          (a)     correct numbers for beta+ (0, (+)1) and chromium (52) 

B1 

(electron) neutrino with correct numbers (0,0) 

B1 
2 

(b)     W+/W/(intermediate vector) boson (not Z boson) 

B1 
1 

[3] 
 

A2.          (a)     (i)      an electron (1) 
1 

(ii)     change in A = 0 (1) 

change in Z = +1 (1) 
2 
 

(b)     (i)       (1) 

or n → p + e– +  

or d → u + e– +  
1 
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(ii)     lepton number must be conserved (1) 

lepton number before decay equals zero 

hence after decay lepton number of electrons cancels with lepton 

number of anti-neutrino or zero on both sides (1) 
2 

(iii)     hypothesis needs to be tested by experiment (1) 

experiment must be repeatable (1) 

or hypothesis rejected 
2 

[8] 
 

A3.(a)     (i)       (1) 
 

(ii)      
(2) 

 

(b)     (Δm = mu – mBa – mKr – 4mn, electron masses balance) 
Δm = 236.04573 – 144.92694 – 86.91340 – 4 × 1.00867 (1) 
= 0.17071 u (1) 
Q (= 0.17071 × 931.3 MeV) = 159(MeV) (1) 

(3) 
[5] 

 
 

A4.(a) 

  

straight line between (Z = 0, N = 0) to (Z = 20, N = 20) (1) 
curving upwards to Z = 80; N = 110 – 130 (1) 

(2) 
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(b)     (i)      A = any region below the line of stability 
but N > 80 and Z > 60 

(ii)     B = any region above and close to the line of stability (1) 
 

(iii)    C = any region below and close to the line of stability (1) 
(3) 

 

(c)   
  

  
mode of decay change in proton 

number, Z 
change in neutron 

number, N 

  α emission –2 –2 

  β– emission +1 –1 

  β+ emission –1 +1 

  e capture –1 +1 

  p emission –1 0 

  n emission 0 –1 
 

(1)(1) (1) – lose one mark for each row in error 
(3) 

[8] 
 
 

M5.(a)     (i)      proportion of U-235 is greater than in natural uranium (1) 

(ii)     induced fission more probable with U-235 than with U-238 (1) 
2 
 
 
 

(b)     (i)      for steady rate of fission, one neutron per fission required to go on to produce 
further fission (1) 
each fission produces two or three neutrons on average (1) 
some neutrons escape [or some absorbed by U-238 without fission] (1) 
control rods absorb sufficient neutrons (to maintain steady rate of fission) (1) 

(ii)     neutrons need to pass through a moderator (1) 
to slow them (in order to cause further fissions or prevent U-238 absorbing 
them) (1) 
neutrons that leave the fuel rod (and pass through the moderator) 
are unlikely to re-enter the same fuel rod (1) 
makes it easier to replace the fuel in stages (1) 

max 5 
[7] 
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Nuclear Comprehension Answers 

A (a)     to prevent the α particles being absorbed or scattered (1) 
by air molecules (1) 

(2) 

(b)     (i)      little or no deflection (1) 
by a majority of α particles (1) 

(ii)     some α particles suffer large deflection 
[or backscattering occurs] (1) 

(3) 

(c)     first path continues undeflected (1) 
third path shows backscattering (inside the dotted circle) (1) 
second path undeflected or deflected downwards and 
         fourth path undeflected or deflected upwards (1) 

(3) 
[8] 

Extended Writing Answers 

A1.          (a)     number correct for alpha (1) 

number correct for beta (1) 

alpha decay first goes via Tl (1) 

numbers correct for Tl (208, 81) (1) 

beta decay first goes via Po (1) 

numbers correct for Po (212, 84) (1) 
6 

 
(b)     (i)      use of GM tube + counter/rate-meter (1) 

measurement of count rate (1) 
at range of distances + suitable ruler or tape measure (1) 
specifies suitable range (1) 
determines background & corrects (1) 
safety precaution given (1) 
graph of count rate or corrected count rate against 1/d2 (1) 

max 6 

(ii)     gamma not absorbed (1) 
spreads uniformly from a point 
source/spherically symmetrically (1) 
area over which it spreads is proportional 
to radius squared (1) 
alpha and beta are absorbed in addition to spreading out (1) 

max 3 
[15] 

A2.          (a)     (i)      strong nuclear force acts on all nucleons/both forces act on 
protons/mention of gluons as force carrier       B1 

strong nuclear force > electrostatic repulsion 

B1 
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(ii)     neutrons spread the protons out/neutrons reduce 
electrostatic repulsion 

B1 

(iii)     strong nuclear force has short range 

M1 

if snf fell off more gradually bigger nuclei would have 
lower densities/…more rapidly still higher densities 

A1 

         strong nuclear force acts on all nucleons 

M1 

attractive nature of snf means all nucleons in 
contact/close packed 

A1 

strong nuclear force becomes repulsive at very small 
separations 

M1 

         prevents nuclei from becoming denser 

A1 

         needs minimum of two M1s to score all three here 
max 6 

 
 
 

(b)     (i)       or  with k defined 

C1 

1.59 × 102N 

A1 

 

C1 

         1.3 × 10−34N 

A1 

(ii)     can ignore gravitation when considering nuclear 
forces or 
gravitational force is much weaker than electrostatic 
force not e.c.f. 
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B1 
5 

[11] 
 

Nuclear Olympiad Answers 

 

 

 


