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9  One likely means by which nuclear fusion may be achieved on a practical scale is the D-T reaction.

(a) State what is meant by nuclear fusion.

-1

(b) In the D-T reaction, a deuterium (fH} nucleus fuses with a tritium (?H) nucleus to form a
helium-4 (gHe} nucleus. The nuclear equation for the reaction is

2H + 3H — 2He + n + energy

Some data for this reaction are given in Fig. 9.1.

mass/u
deuterium (2H) 2.01356
tritium (3H) 3.01551
helium-4 (He) 4.00151
neutron (n) 1.00867

Fig. 9.1

(i) Calculate the energy, in MeV, equivalent to 1.00u. Explain your working.

ENEIJY = iricecieieeneecnnereeneeeeeeeeeeeemeeneees MEV [3]

(ii) Use data from Fig. 9.1 and your answer in (i) to determine the energy released in this
D-T reaction.

ENEIGY = ioecvereverneeeniremeeneeerenessenemeenenes MEY [2]
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(iii) Suggest why, for the D-T reaction to take place, the temperature of the deuterium and
the tritium must be high.

.12

Q31.

9  During the de-commissioning of a nuclear reactor, a mass of 2.5x 10°kg of steel is found to be
contaminated with radioactive nickel-63 ( S3Ni).
The total activity of the steel due to the nickel-63 contamination is 1.7x 10" Baq.

(a) Calculate the activity per unit mass of the steel.

activity per unit mass = .......occevvieeeseseeresnne e, Bgkg™! [1]
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(b) Special storage precautions need to be taken when the activity per unit mass due to

contamination exceeds 400Bgkg™".
Nickel-63 is a p-emitter with a half-life of 92 years.
The maximum energy of an emitted p-particle is 0.067 MeV.

(i) Use your answer in (a) to calculate the energy, in J, released per second in a mass of
1.0kg of steel due to the radioactive decay of the nickel.

ENEIGY = oveveecerermesseeneeseeinnesmeesseesneesmnsnene o [1]

(i) Use your answer in (i) to suggest, with a reason, whether the steel will be at a high
temperature.

=[]

(iii) Use your answer in (a) to determine the time interval before special storage precautions
for the steel are not required.

WM = oot st s VOBTS) 9]
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