


it emits beta-particles and gamma-radiation in this
case, which allow its presence to be detected, if
necessary at a distance. It can therefore be used as
a radioactive tracer, and as such has important
applications in research and industry.

It should be noticed that as a neutron is capiured
in this process, the product of the reaction is always
heavier than the original material bombarded. It
was therefore a wonderfully exciting time when
the method was applied to the heaviest element
existing on this earth, namely uranium, to produce
completely new elements, elements heavier than
had existed before on this earth. We call them the
‘transuranic elements’.

Fermi’s attempts to produce transuranic ele-
ments led to something that was not expected at all.
It was some time before this was sorted out, and this
was largely due to Lise Meitner, a German physicist
working at Copenhagen, and Otto Frisch, now
Professor of Physics at Cambridge, England.

Let us consider this problem. A uranium nucleus
contains 92 protons, which are, of course, positively
charged and which therefore repel one another.
They would fly apart if it were not for the presence
of the neutrons in the nucleus which have no electric
charge and which help to hold the neucleus together
by what are called nuclear forces. The nuclear forces
of attraction and the electric forces of repulsion are,
we now know, precariously balanced and a small
disturbance can make the nucleus unstable. This
can happen if we bombard the uranium nucleus
with a neutron. The neutron may be captured, the
balance is upset and the nucleus streiches into an
elongated shape — developes a waistline, and may
break into two parts which fly apart at great speed.
This phenomenon, which is called fission, can and
does take place, but it was not expected. The two
fragments produced {we call them ‘fission fragments”)
are stopped by {riction in the surrounding material
and produce heat, and it is this heat which we make
use of in atomic power, i.e. the power from the
atom.

The important point here is that the ‘fission
process’ can lead to a chain reaction, because at each
fission, a few (2 or 3) loose neutrons are produced as
well as the two large fission fragments. These neutrons
under suitable conditions can produce further fis-
sions, and if we suppose 2 neufrons are produced
per fission, it will be seen that a single neutron, pro-
duces two neutrons at the first generation, four
neutrons at the second generation, eight neutrons
at the third generation and so on.

In order to get a reaction of this sort to take
place, we have to arrange for the neutrons to bom-
bard the uranium atoms at the correct velocity. The
neutrons emitted in the ordinary fission process
are moving at a very high velocity. They have to be
slowed down before fissions of the type we have
been discussing can take place. We use a ‘moderator”
for this purpose, and we arrange the uranium fuel
elements which are usually cylindrical in shape in a
matrix of graphite, which acts as the moderator, or
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slowing down medium, the dimensions of the matrix
being chosen to give the correct slowing down of
the fission neutrons.

3. Control of a Nuclear Reactor

We now need to consider how to maintain the
operating power level constant. This is achieved by
inserting into the reactor core (as the assembly of
moderator and fuel elements is called), quite close
to the fuel elements, rods of material such as cad-
mium or boron, which have the property of absorb-
ing neutrons strongly.

If many neutrons are absorbed, not sufficient
are left to produce a second generation of splitting
nuclei as large as the first, and the reaction quickly
dies out. If the second generation is exactly equal to
the first, the reaction and therefore the power level
remains steady. If, on the other hand, the second
generation is Jarger than the first, the number of
nuclei undergoing fission gradually rises and the
reactor begins to “run away’’ in power. By suitable
arrangement of the neutron-absording rods (they
are usually called control rods), the rate of growth
or decay of the reaction required can be obtained.

When a reactor plant is in operation, it is neces-
sary to adjust the criticality with the help of these
control rods. To start a reactor, the control rods
are moved out slowly, so as to reduce the death rate
of neutrons until multiplication is obtained. The
instruments then tell us when the neutron population
has reached the required size. Then the control rods
are lowered until the neutron population is steady.
Control is thus a fairly simple matter.

What happens, you may ask, if the rods get
pulled out completely, either through carelessness or
sabotage. Well, that is provided for! There are addi-
tional rods, designated ‘safety rods’, which aute-
matically drop into their holes if the neutron popu-
lation rises above a pre-set level, or if any thing goes
wrong.

4, Principle of ‘Breeding’

Ordinary natural uranium comprises two stable
isotopes ¢0U/23% and U23% in the ratio 1: 140.
The lighter material (5, U23%) is fissionable (or
fissile} and behaves in the way I have explained.
However, the heavier isotope (U/238) behaves
differently. In this case the following reaction takes
place:

U238 4 g U239
and the uranium 239 decays to give neptunium and
then plutonium:
U239 —» Np239 » Py239

Plutonium 239 is like uranium 235 a fissile material.
It can therefore be used like U235 a5 a fuel in a nuclear
reactor. This gave rise to the idea of designing a
breeder-like reactor, which produces more fuel than
it burns. Breeder reactors have been shown to be
feasible and must be employed to bring the cost of
electricity produced from the atom down to the
minimum figure.


















