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QUESTION THREE: NUCLEAR REACTIONS IN THE SUN

Inside large stars, two carbon nuclei can fuse together to form magnesium.
12 12 24
sC+:C—>71,Mg

Information: Rest mass of a carbon—12 nucleus: 1.9921157 x 10*° kg
Rest mass of a magnesium nucleus:  3.9817469 x 10 kg

Rest mass of a proton:  1.67353 x 10" kg

Rest mass of a neutron:  1.67492 x 107% kg

(@) Calculate the mass deficit when two carbon nuclei fuse together to make
magnesium.
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(b) Explain why this reaction can occur in the centre of large stars, but does not occur |
with carbon atoms on earth.
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The following sketch graph shows the binding energy per nucleon for the most common
isotopes, with magnesium-24 and carbon-12 marked.
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(c)  Define binding energy.
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(d) Use the information at the start of this question to calculate the binding energy per
nucleon of magnesium-24.
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(e) Use the graph to decide which nucleus is the more stable, carbon-12 or .'

magnesium-24. State why you made this choice.
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NZIP 2009
QUESTION TWO: SOLAR ENERGY (THE MIGHTY ATOM)

The sun may be producing energy by what is termed the proton — proton cycle. Four
“hydrogen nuclei combine in a series of nuclear reactions to ultimately produce a helium
nucleus (an a particle).

(a)

What name describes the energy holding the nucleons together in a nucleus?
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The mass of a proton is 1.00753u and the mass of a helium nucleus is 4.00380u. (Atomic
mass unit, u = 1.66 x 107’ kg).

(b)

Calculate the energy equivalent of a proton. Give your answer to the correct number
of significant figures.
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(c) Calcutate the mass of hydrogen that must be converted to helium per second in the
sun, if the energy radiated from it is 3.820 x 10%° Js™.
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In a reaction similar to that in a hydrogen bomb a deuterium atom with kinetic energy of
3.525 x 1072 collides with a tritium atom at rest. The reaction produces a neutron with
kinetic energy of 4.200 x 107" J and an atom of helium with kinetic energy of

5.895 x 107"2J.

(d)  What principle other than mass number and atomic number conservation, governs
this reaction?
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l(e) The rest masses of an atom of deuteriurp’helium and tritium are 3.3434 x 1077,
was) 6.6443 x 10 and 5.0066 x 10%" kg rgspectively. Calculate the rest mass of the
neutron he partlcle speeds are such that you can |gnore any relativistic effects
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(f) Explain why large nuclei with high mass numbers are likely to be less stable than AMXZ

relatively smaller nuclel
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NZIP 2008
QUESTION THREE: NUCLEAR PHYSICS

% . 8
The nucleus of a bromine atom is 3;Br

Mass of a proton = 1.0073 u

Mass of a neutron = 1.0087 u

Mass of a bromine nucleus = 80.8971 u

1 u=1.660 x 107" kg.

Speed of electromagnetic energy = 3.00 x 108 ms™.

(a)  Show that the mass deficit in forming the bromine nucleus from its component particles is
1.259 x 107 kg.

mass Jecw.\ AIM [wm‘oov\w‘h f)ro"ms-l-neu"\l’ov\] [nucleus]
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(b)  Calculate the blndlng energy per nucleon for a bromine nucleus.”
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binding energy per nucleon =
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The graph below shows the binding energy per nucleon of nuclei against their mass
numbers.

A tin nucleus is lig Sn and the bromine nucleus is:; Br.
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(c)  Use information from the above graph to explain the relative stability of a tin nucleus "
compared with a bromine nucleus. |
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