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Section A

1. (a) Give two factors that make a terrestrial fusion reaction difficult to
achieve.
[2]
(b) Lawson's criterion states that the product of ion density and confinement
time must exceed a certain number before a break-even fusion reaction
can occur. Why should these two parameters determine the outcome?
[4]
(c) If a nucleus such as radium-226 initially at rest undergoes alpha decay,
which has more kinetic energy after the decay, the alpha particle or the
daughter nucleus? Explain your answer.

[4]
(d) Explain why water is a better shield against neutrons than lead or steel.
[4]
(e) Define the reproduction constant, K, used in the context of nuclear
reactors. Describe the nuclear reactor when K = 1, K <land K > 1.
[5]
(f) Give a brief account of the three layers of radiation containment in a
nuclear reactor.
[6]
(g) Determine which of the following suggested decays can occur
spontaneously:
(D ‘2*86a —eT + L{g[{ +v (i) zgRu — AZLHe + ZZZI'MO
(iii) 1%31\!({ — %He + 1%8(:6
[6]
(h) Identify the unknown particle or nuclide (X):
55
HXx— ggm +y (i) zéiPo SX+a  (i)X—geFetet +v
[3]

(i) The most common isotope of radon is radon-222, which has half-life
3.82 days. What fraction of the nuclei that were on the Earth (i) one week
ago and (ii} one year ago are now undecayed? (iii) In view of these results,
explain why radon remains a problem, contributing significantly to our
background radiation exposure.
[6]
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Section B

2.(a) The binding energy of a nucleus with atomic number Z and mass number 4
can be expressed by the semiempirical binding-energy formula

7(Z—1) (N —2)2
4173 T g

Ep = C14~C34%/3 - ¢3

where values for the constants €1, C5, C3 and Cy4 are respectively 15.7, 17.8,
0.71 and 23.6 MeV for nuclei having A=15.

(i)

(if)

For the alpha particle decay 238’1‘% — Z%SRa + Z;iHe use this binding-

energy formula to generate theoretical estimates of the binding energy
for the two heavy nuclei involved in this process. Given that the total
binding energy of the alpha particle is 28.3MeV, find the energy @
released in the decay.

[6]
This energy appears as the kinetic energy of the products of the decay.
If the original thorium nucleus was at rest, use conservation of
momentum and conservation of energy to find the kinetic energy of
the daughter nucleus radium-226. Comment on the result you get.

[6]
(b) The following plot shows the average binding energy per nucleon for stable
nuclei as a function of mass number.
5 :
3 s T
5 !
& g N
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£ i
< T
B i
a i
& 4 H
Z :
= g _
& 10 20 40 B8O 120 160 200 240
NMass Number, A
(i)  Use this plot to estimate the mass of ZSEU in atomic mass units.
(5]
(i)  Estimate the energy released when a nucleus of zggU undergoes

fission into the fragments gEBr and 1%;1@ with the release of

three neutrons.

(3]
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3. Consider the two nuclear reactions
a+h—c+te
c+d—f+y
(a) Show that the net disintegration energy for these two reactions

Cret = Q1 +Qn
is identical to the disintegration energy for the net reaction
a+b+d—et+f+g
[6]

(b) One chain of reactions in the proton-proton cycle in the Sun’s core is
p+p— D+ et +v
et +e” — 2y
p+D— %He +v

p+%He——>%He+e++v
et +e™ — 2y
Based on part (a), what is Qpe¢ for this sequence?
[6]
(¢) Given that the Sun radiates energy at the rate of 3.85 X 1026 W calculate
the number of protons fused per second.
[5]

(d) Explain why the proton-proton interaction is not suitable for use ina
fusion reactor.

[3]

4, (a) Give the similarities and differences between fusion and fission.
[4]
(b) Discuss the advantages and disadvantages of fission reactors from the
point of view of safety, pollution, and resources, Make a comparison
with power generated from the burning of fossil fuels.
[6]
(c) An all-electric home uses approximately 2 000 kWh of electric energy
per month.

(i} How much uranium-235 would be required to provide this house

with its energy needs for one year? Assume 100 % conversion
efficiency and 208 MeV released per fission,

6]
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(ii} Assuming all energy released from fusion could be captured, how
many fusion events described by the reaction

D+T—>%He+n

would be required to keep the home running for one year?

[4]

5. (a) Two nuclei having atomic numbers Z; and Z, approach each other with a
total energy E.

(i)  When they are far apart, they interact only by electric repulsion.
If they approach to a distance of 1.00 x 107** m, the nuclear force
suddenly takes over to make them fuse. Find the minimum value of E,
in terms of Z, and Z,, required to produce fusion,
[4]

(i) IfZ,+Z, is to have a certain target value such as 60, would it be
energetically favourable to take Z; = 1 and Z, = 59, 0r Z; = Z; = 30,
or some other choice? Explain your answer.

[3]
(iii) Evaluate from your expression the minimum energy for fusion for
the D-D and D-T reactions.
[3]
{b) When a star has exhausted its hydrogen fuel, it may fuse other nuclear fuels.
At temperatures above 1.00 X 108 K, helium fusion can occur. Consider the
following processes.
(i)  Two alpha particles fuse to produce a nucleus A and a gamma ray.
What is nucleus A?
[3]

(i) Nucleus A from part (i) absorbs an alpha particle to produce nucleus B
and a gamma ray. What is nucleus B?
[3]
(iii)  Find the total energy released in the sequence of reactions given in
parts (i} and (ii).
[4]

6. (a) Explain the terms somatic damage and genetic damage used in reference
reference to damage caused by radiation in biological systems.
[4]

[4]

(c) A sealed capsule containing the radiopharmaceutical phosphorus-32,
an e emitter, is implanted into a patient’s tumor. The average kinetic
energy of the beta particles is 700 keV. The initial activity is 5.22 MBq.

(b) Give a brief description of brachytherapy.
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(d)

Assume the beta particles are completely absorbed in 100 g of tissue.
Determine the absorbed dose during a 10.0-day period.
[One rad is that amount of radiation that increases the energy of 1 kg
of absorbing material by 1 X 10™2 IR

[6]
A small building has become accidentally contaminated with
radioactivity. The longest-lived material in the building is strontium-
90. (It is particularly dangerous because it substitutes for calcium in
bones.) Assume the building initially contained 5.00 kg of this
substance uniformly distributed throughout the building and the safe
level is defined as less than 10.0 decays/min (which is small compared
with background radiation). How long will the building be unsafe?

[6]

END OF PAPER
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