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Otto Hahn 1879-1968
_ An induced fission reaction. A
1944 Nobel Chemstry Prize slow-moving neutron is absorbed

by the nucleus of a uranium-235
atom, which in turn splits into fast-
moving lighter elements (fission
products) and three free neutrons.
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The total rest masses of the fission
products (Mp) from a single
reaction is less than the mass of the
original fuel nucleus (M). The
excess mass Am = M — Mp Is the
iInvariant mass of the energy that is
released as photons (gamma rays)
and kinetic energy of the fission
fragments, according to the mass-
energy equivalence formula

E = mc?
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Chain reactions

A schematic nuclear fission chain
reaction. 1. A uranium-235 atom absorbs
a neutron and fissions into two new atoms
(fission fragments), releasing three new
neutrons and some binding energy.

2. One of those neutrons is absorbed by
an atom of uranium-238 and does not
continue the reaction. Another neutron is
simply lost and does not collide with
anything, also not continuing the reaction.
However one neutron does collide with an
atom of uranium-235, which then fissions
and releases two neutrons and some
binding energy. 3. Both of those neutrons
collide with uranium-235 atoms, each of
which fissions and releases between one

and three neutrons, which can then
continue the reaction.
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The Manhattan Project created the first nuclear bombs. The
first human-engineered nuclear detonation, the Trinity test, is
shown.
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Harry Truman

1884-1972
33rd President of the United States
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The mushroom cloud over Hiroshima
after the dropping of Little Boy
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Aston showed in 1920

that four hydrogen
nuclei are heavier than
a helium nucleus


http://nobelprize.org/nobel_prizes/chemistry/laureates/1922/index.html
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In reaction 1, two hydrogen nuclei (1H, protons) are
fused to produce a heavy hydrogen nucleus (2H, a
deuteron). This is the usual way nuclear burning gets
started in the sun. On rare occasions, the process is
started by reaction 2. Deuterons produced in reactions
1 and 2 fuse with protons to produce a light element of
helium (3He). At this point, the p—p chain breaks into
three branches, whose relative frequencies are
Indicated in the figure. The net result of this chain is
the fusion of four protons into a single ordinary
helium nucleus (4He) with energy being released to
the star in accordance with Einstein's equation.
Particles called 'neutrinos' ( ) are emitted in these fusion
processes. Their energies are shown in the figure in
units of millions of electron volts (MeV). Reactions 2 and
4 were not discussed by Hans Bethe.



Energy release

Comparing the mass of the final helium-4 atom with the
masses of the four protons reveals that 0.007 or 0.7%
of the mass of the original protons has been lost.
This mass has been converted into energy, in the form
of gamma rays and neutrinos released during each of
the individual reactions. The total energy we get in one
whole chain is 26.73 MeV.

Only energy released as gamma rays will interact with
electrons and protons and heat the interior of the Sun.
This heating supports the Sun and prevents it from
collapsing under its own weight.

Neutrinos do not interact significantly with matter and
do not help support the Sun against gravitational
collapse. The neutrinos in the ppl, ppll and pplll chains
carry away 2.0%, 4.0% and 28.3% of the energy Iin
those reactions respectively.
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Nuclear Power

The main bit to remember:

Nuclear Heat water Steam turns Turbines turn  Electrical
fission to make steam™ > turbines " generators “# power

http://www.darvill.clara.net/altenerg/nuclear.htm



