

















and its intermediates and derivatives con-
trol the life-processes of the living cell.
We have learned how the genes duplicate,
how their instructions to the rest of the
cell are relayed by messenger and decoded,
and some groups are investigating the many
ways in which the cell interprets these in-
structions; while others are busy cracking
the code itself in terms of detailed chemical
sequences or taking apart the synthetic
factory of the ribosome to see how it
operates.

Molecular biology

Taken all in all, every advance in biological
research for aboutthirty yearssee.nsto con-
firm that by far the most fruitful and success-
ful scientific hypothesis about life is one
already defended by many great pioneers:
that it can be described and explained in
physico-chemical terms. It is these terms
that molecular biology is now seeking to
elucidate.

A twofold merger

The success of this intellectual cross-fertili-
sation has engendered a new outlook and
brought about a twofold merger. No longer
are the life sciences a mystery apart: they
are inextricably welded into one with the
physical sciences. Nor are the individual
branches of life science any longer separated
as they once were. On the contrary, they
have at last a common body of central
theory, knowledge and experiment about
the basic mechanics of the life process which
only diverges in the separate branches as
more detailed investigation proceeds.

To my mind, this twofold merger enables
us to re-draw the ontogenetic tree of natu-
ral science, in a very interesting way,
starting from the elemental symbols and
the simplest building blocks of nature and
proceeding by increasing levels of organi-
sation through chemicals and cells to the
community of interacting human brains—
the most highly organised system we know,
and one to whose successful operation we
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Interdisciplinary co-operation

However, the developments of the last
decades totally contradict any superficial
notion that one can just bring the physicist
or the chemist into biological research as a
kind of superior technician or technologist.
He is indeed a very nice chap and he will
indeed make new instruments and materials
for you. Unfortunately, if you use his in-
struments and his materials and his ways
you will get results in his terms and in the
end you will have to adopt his thinking.
The only proper and final relationship is
actually one of free and equal intellectual
intimacy.

should now pay more conscious attention.
We should not be too modest to say that,
if the basic symmetry of the building blocks
of the natural world are revealed by high-
energy nuclear physics, certainly the most
elegant superstructure and the most beauti-
ful convolutions of which they are capable
have been worked out by Nature in living
things; and if space research teaches us—
atgreat expense — about thestarry heavens,
| imagine most of us would as soon under-
stand ourselvesand our réle here onearth.

The merger of subjects and more especially
the newer body of central theory and know-
ledge grounded in physics and chemistry
should also instil a new facility and co-
herence into the teaching of the biological

subjects, for it gives us a new skeleton on
which to hang the flesh of factual know-
ledge. But this it will only do if we now put
it consciously to work.

New patterns of ideas

An extraordinarily importantfeature of this
double merger of the life sciences both
between themselves and with physics and
chemistry is that it permits quite new and
freer patterns of ideas and convergences
of thoughts and efforts.

Consider, for example, *sickle-cell”” anae-
mia. At one pole, this disease is a serious
practical medical problem, especially in
some regions of Africa. At another, it is a
striking example of a basic genetic pheno-
menon: the wide spread of the mutant
gene responsible for the disease appears
to be due to the increased resistance to
malaria which it confers on those individuals
who carry it together with one normal
gene. At a third, it can be seen in the light
of new knowledge about the physics and
chemistry of the molecule which is at the
moment beginning to reveal general laws;
both the “sickling” and the malaria resis-
tance would seem to reflect a change inthe
amino acid sequence within the hemoglobin
molecule, which thereby becomes insoluble.
From medicine the problem;from chemistry
the method; from physics the explanation;
to medicine and fundamental genetics the
profit.

Or consider the way in which the composi-
tion of the circulating blood is rigorously
stabilised by great—if variable—reserve
capacities in the body (and which inciden-
tally maylimit its usefulness as a simple
indicator of radiation damage). To under-
stand this we must find out more about
the different kinds of stem cells which
exist and shed light on their growth and
their interactions. But the activities of
these stem cell pools govern adaptation to
many environmental factors, from infec-
tion to pollution or climate; a full investiga-
tion is therefore going to require the co-
operation of a correspondingly wide group
of specialists. There will, | am sure, emerge
a whole new pattern of thinking extending
very far.

The transforming power of the new
biology

The explosive advance of the last decades
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leverage on the economic future of the
industry it serves is much lower than it
used to be.

In the light of the examples we have already
discussed, | cannot believe that the trans-
forming power of biological research is any
less than that of nuclear research. It is not
even necessary to look into the future to
see this: it is enough to consider the results
of the discovery of penicillin or the produc-
tion of maize in America at a labour cost of
only 7 man-seconds per kg. Moreover, if
we look outside Europe to a larger and
hungrier world whose needs we disregard
at our peril, the relative importance of food
and health and of all development work
that pertains to them becomes over-
whelming.

Perhaps this distortion—I| think the word
is not too strong—in the patterns of re-
search expenditure is purely historical,
reflecting in large measure a now obsolete
estimation of the transforming power of
the biological sciences. If so, we may sup-
pose it will be corrected. In that case, we
must on the one hand accept responsibility
for seeing that the necessary decisions are
made in full and objective knowledge of
the potentialities of our field. On the other,
we must recognise that a massive expansion
will itself bring specific difficulties to the
life sciences.

Perhaps the most serious difficulty is the
Community’s available supply, not of finan-
cial resources, but of trained brains, where
the “production cycle’ is very long.

Supplying trained brains

If it were realised, for instance, that the
strength of a region in molecular biologists
or in medical ecologists should be doubled
by 1986 or even 1996, it would not be too
early to make the appropriate decisions
here and now: the teaching institutions
must be located or set up, the teachers
found, the students selected, taught and
allowed to develop into experienced re-
search workers: twenty or even thirty
years is not too long.

But is it really possible to see clearly so far
ahead? All we can lay down with certainty
is that today's pattern of training will
determine the pattern of research twenty
years from now and the results which will
be produced inthirty years’time. Neverthe-
less, it is this planning for expansion, to-

gether with the merger of disciplines which
we believe the key to progress, that has
already led us in Euratom to increase the
opportunities for young research workers
to master a second discipline: in particular
for young chemists or physicists to learn
a biological trade.

Inevitability of big projects

We must, moreover, face the inevitable
fact that expansion means much more *big
science” in biology than hitherto, and con-
sequently much more programmed re-
search and big projects; one of the first
examples is to be found in America, where
the Russells have bred over a million mice
in their approach to the problem of radia-
tion genetics of mammals.

Others will certainly come: a centre to
breed pathogen-free monkeys in Europe
has been suggested and is certain to be con-
sidered. A reasonably favoured method of
controlling some of our worst insect pests
like the olive fly dacus oleae, which is such
a scourge in the South of Europe, is by the
release of irradiated males. For a limited
experiment of this kind in Florida, it was
already necessary to convert an aeroplane
hangar into a fly factory to produce a total
of 3,000 million sterile males at the rate of
100 million per week; the cost of the pro-
ject was $ 10 million. | cannot resist the
temptation tofeel that the large scale pro-
duction of flies might be a very entertaining
topic for some optimisation-minded and
original engineer. Nor would any list of
potential big projects be complete without
mention of such tasks—already under
way—as computer analyses of the national
vital statistics of whole countries.

But the big projects will not all be confined
to asimple centre; some, in order to gather
enough relevant talent, will be geographi-
cally dispersed networks of related pro-
grammes. Our Euratom research programme
on the haematopoietic system and on
bone marrow transplantation is typical of
this kind. It involves five contracts and six
research groups in four different countries.
It costs altogether, with the contributions of
our partners, about 900,000 dollars per year
and some 50 research workers participate.
And even this quite massive effort does not
exhaust what is being done in the six coun-
tries.

The big project raises many questions. As
has been said of international organisations,

it is hard to start, hard to control and hard
to stop. Above all, | believe it must be cor-
rectly and closely related to the body of
permanent non-project research institu-
tions so that both gain in strength from
each other by ready transfer of skills and
men: so that university teaching and re-
search benefit from the special facilities
of the project and the project can enjoy
the co-operation of the best brains of the
university.

We need to accept—and to teach—that
a man may spend a few years seconded to
a project, and a few years doing a little
teaching and much research, and at the end
of it be a better man to do much teaching
and little research in the warmest and most
academic phase of his life. Only so can we
combine the professionalism and overall
purposefulness that we need in research
with the close refation between research
and teaching that we need in biology.

Basic versus applied research?

Itis notonlyinthe big projects but through-
out that we shall have to watch the correct
balance and relationship between so-called
applied and so-called basic research. | be-
lieve this distinction, in its simple and
naive form, to be quite dangerous: it is
certainly not quite exact.

Mainly because of the complexity both of
living materials and of our knowledge
about it, a man attacking a fundamental
problem will nowadays often have to make
a new advance of practical and technological
importance to succeed; while a man at-
tacking a superficially simple or apparently
trivial practical problem may suddenly find
a yawning gap in really basic knowledge
right at his feet—and succeed in leaping
the chasm.

In addition, an increasing proportion of re-
search falls into neither the applied nor the
basic category but into the third and inter-
mediate class of oriented research, which
sheds light upon a given group of practical
problems rather than just attacking them
head on.

The trouble with the old distinction is that
it represented—and represents—a separa-
tive distinction, between the academic and
the project research, between the uni-
versity and the fieldworker, which re-
stricted and slowed down the interchange
of ideas and people between the one class
and the other. | personally would prefer
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to distinguish free or pioneering research,
susceptible ofturning up entirely new areas,
phenomena or principles; main-line or pro-
grammed research which proceeds on es-
tablished lines to attack an established area;
and exploitation or project research—
the follow-up of breakthroughs when they
are made. If this last were specially funded,
and perhaps specially honoured, we could
at least be sure of putting to practical use
such discoveries as are made, and as quickly
as possible; in contrast to our old European
tradition which so often left the exploita-
tion to others.

Necessity of team work

It is an old truism that all living material
is very complex. The problem is that today
we know far more about each aspect of the
complexity than we did and we have far
more sophisticated technology tomanipu-
late it. One result is that what we might
call the fun period, in any field, when ex-
citing new discoveries can be made with
just two water baths and a refrigerator,
has been greatly shortened or has even
vanished altogether.

But a more important one is that any
spearhead of research is now backed by a
tremendously complex battery of tech-
niques—techniques ofimmunology, electron
microscopy, separation, chemical analysis
or synthesis, the ubiquitous tracer in an
ever-widening range of molecular situations
and so on.

Consequently, in competitive research—
and all research is a competitive activity—
the individual research worker is far more
expensive to maintain: he now costs about
25-30,000 dollars per year in Europe; and,
because he cannot be a specialist over the
whole range of techniques he needs, he
has to be part of a team. This team, ideally,
will change all the time, will usually be,
in fact, a series of ad hoc teams for successive
individual problems, reflecting the way in
which the new coherent matrix of biological
science spawns new ad hoc patterns of
thought and progress, as well as new ad hoc
relations between breakthroughs and their
exploitation.

Indeed virtually all the research | have cited
has been or must be executed by
shifting multidisciplinary teams of this kind,
in which it is usually quite impossible to say
beforehand whose training will make the
crucial contribution. That a startling pro-

portion of modern front-line research is
carried out like this, especiallyinthe U.S.A.,
may be seen from statistics such as the
following: in last year’s journal of Molecular
Biology 80%, of the papers were by more
than one author and 379%, were by more
than two. And over 409, of the papers
carried notifications of change of address.

From monovalence to omnivalence

This frequent need of the ad hoc group, the
temporary team or combination to force
a particular barrier is peculiar to the com-
plexities of biological research and is abso-
lutely essential toits effective and econom-
ical prosecution: it is just waste of an
expensive man not to back him up properly.
The logic of this may be expressed in the
following manner: the single individual is
usually limited to one competence: he is
monovalent. For nearly any problem he will
need to call on other expert knowledge.
The larger group may have several special-
ities: we may call it plurivalent. But it still
cannot live by itself, for it must often call
upon other skills. And a university centre
or whole research establishment may have
nearly all the skills it wants at any time: it
is multivalent. If it could have all the skills
it would ever need in complete depth all
the time, one might call it omnivalent.

| believe this way of looking at things brings
out a final group of real requirements for
our planning in Europe.

The network of the biological sciences

First, the largest institute needs to be pre-
pared, for the sake of its own programmes,
to co-operate with others in a wider net-
work. [t cannot stand alone.

Second, we must try to bring the large
number of intelligent and useful research
workers who try to do good work in mono-
valent or plurivalent groups into correct
relationship with appropriate multi- or
omnivalent centres so that they are not
unnecessarily held up and so that their full
potential is realised.

I think we should insist that where public
support creates a multi- or an omnivalent
institute, that institute reserves some pla-
ces, some facilities, some effort for cross-
linkage with the mono- and plurivalent
groups of its area.

The organisational forms and methods for
this have, as far as | know, yet to be fully






What is the Euratom safeguards system?
What, indeed, is meant by the expression
“safeguards’’ as used by the various inter-
national bodies concerned?

We may say at once that this expression
does not cover health protection or nu-
clear safety measures and that the two con-
cepts must be kept entirely separate to
avoid the misunderstandings that sometimes
occur.

Nuclear materials proper, i.e. natural or
depleted uranium, enriched uranium, ura-
nium 233, plutonium and thorium, are

Kuratom safeguards

FERNAND SPAAK, Director for Safeguards, Euratom
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outside the ordinary range of materials.
Theyare notonly rare, but also economically
and politically important and, in some cases
such as plutenium, very dangerous to use
or handle; as for their military significance,
it does not need to be stressed. A check
must therefore be kept on their utilisation;
this is what a safeguards system is for.
Throughout history, governments have
striven to subject certain materials, of
various kinds but all falling roughly within
the compass of the above criteria, to
measures of control governing their pro-
duction, use, and movement—measures
which sometimes amounted to a monopoly.
It could scarcely be otherwise with nuclear
substances, when once atomic energy began
to move out of the laboratory stage or the
pilot installation on the industrial scene.
The United States, because of their con-
siderable lead in this field, were the first
to act, immediately setting up a safeguards
system which was gradually extended to
those countries with whom they later
signed co-operation agreements providing
for uranium or plutonium supplies.

The object was to enable the supplier state

to ascertain that the materials delivered
were in fact used for their avowed purposes,
in other words, that they were not being
diverted to non-peaceful purposes.

Oursix member states, by signing the Rome
Treaty setting up’the European Atomic
Energy Community and assigning it the
task, set out in Article 1, of fostering
progress in the nuclear field, conferred on
it the duty of ““guaranteeing, by appropriate
measures of control, that nuclear materials
are not diverted to purposes other than
those for which they are intended”.

Thus, every one of our states relied on
Euratom and its executive organ, the Com-
mission, to apply these safeguards at a Com-
munity level. So, as early as 1958, Euratom
set up the first multi-nationa! safeguards
system in the world and was thereby able
soon afterwards to give non-member
countries (the United States, the United
Kingdom and Canada), with whom the
Community signed co-operation agree-

Table 1: Growth of numbers of nuclear facili-
ties subject to Euratom safeguards

31.12.1960
31.12.1961
31.12.1962

31.12.1963
31.12.1964
31.12.1965
30. 6.1966

The increase from 31.12.1960 to 30.6.1966
is 82%.









Boiling is an everyday phenomenon, and one
harnessed since remote ages by the house-
wife as well as the engineer. Old prints
show the alchemist amidst his retorts, and
boiled eggs can scarcely be said to be a
recent invention!

It was so familiar, in fact, that no systemat-
ic study of the phenomenon had been
undertaken until the past few years. It
needed the emergence of new devices such
as jet engines, rockets and nuclear reac-
tors, to reveal the extent of our ignorance
and spark off a major research effort. These
machines supply a great deal of power
within a small compass and the perform-
ance of the fluids which they use must be
pushed to the [imit. In view of the promise
displayed by boiling liquids, the next step
was obviously to investigate their efficiency
in these limit conditions.

fused with boiling; they are two distinget
modes of vaporisation, marking the transi-
tion from the liquid to the gaseous state.
Evaporation is the transformation of the
liquid into vapour by an imperceptible
process which takes place on the free
surface of the liquid: it is in this way that
swamps dry out in summer and that wet
objects become dry. The pace of the phe-
nomenon is governed by the amount of
vapour present in the atmosphere above
the liquid: water cannot evaporate, for
example, in an environment with 1009
humidity.

Boiling, on the other hand, is characterised
by the formation of steam bubbles within
the mass of the liquid. This mode of vapor-
isation is governed by the pressure to which
the liquid is subjected: boiling occurs when
the temperature of the liquid reaches a

What is boiling?

RENE MORIN, Heat Exchange Department, Ispra Establishment, Euratom Joint Research

Centre

Despite the many studies under way (1500
reports on boiling have appeared each year
since 1960), understanding of the basic
mechanisms involved is progressing very
slowly. This is due to the intrinsic com-
plexity of the phenomenon, readily appar-
ent from the following considerations:
— the fluid in question constitutes a heter-
ogeneous mixture of liquid and steam;

— the steam bubbles seem to form in an
irregular manner;

— the appearance of the phenomenon chan-
ges according to the conditions, for exam-
ple according to the quantity of heat sup-
plied.

By this very complexity acts as a spur, im-
pelling the specialist to seek fresh experi-
mental and analytical methods, and to
rediscover the pioneer spirit in a young
science with a vast and still-growing field
of application.

Evaporation and boiling

First of all, evaporation should not be con-

certain value, fixed for a given pressure,
called the saturation temperature. [f the
pressure drops, this temperature drops too,
so that while at sea level water normally
boils at 100°C, it will boil at the summit of
Mont Blanc at 84°C. The degree of humidity
plays no part in this process.

Two comments are called for before we
examine in detail the mechanism of heat
transfer during boiling.

Firstly, boiling occurs, as we have seen, at a
fixed temperature for a given pressure.
There is thus no danger of temperature
differences and hence of thermal stresses
in the boiling apparatus.

Secondly, a great deal of heat is always
necessary to evaporate aliquid. For example
while 1 calorie is required to heat 1 g of
water through 1°C, 540 are required to
vaporise 1 g of water at 100°C. The process
of vaporisation thus consumes a consider-
able amount of heat. Furthermore water
has one of the best performances in this
respect (it is bettered only by sodium, 1 g
of which requires 900 calories in order to
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the accent has been on activities relating
to the study of the STARK “coupled system”’
as such.

Physical;p roblems in fast-breeder
development

Any nuclear reactor is an installation in
which the fission of atomic nuclei, initiated
by neutrons but also producing neutrons
as well as fission fragments and energy, can
take place in aself-sustaining chain reaction.
In a “critical” reactor the number of disin-
tegrations per unit of time and, consequent-
ly, the neutron population are constant
and their magnitude determines the reac-
tor power. A state of equilibrium exists: of
the neutrons generated during a fission
event, on the average exactly one initiates
a further desintegration.

The nuclear fuels used in reactors must
therefore fulfil the following condition:
for every neutron absorbed, the number of
neutrons 1 generated through fission must
be sufficient to cover all the neutron losses
that occur as a result of absorption in other
parts of the reactor and of escapes from
the fission zone (normally about 209).

The quantity n depends on the nature of
the nuclear fuel and on the energy of the
neutrons absorbed. In figure 1, n is shown

The Karlsruhe Fast-Thermal Argonaut

Reactor (Schnell-Thermischer Argo-
naut-Reaktor Karlsruhe) and its task
in the Fast Breeder Project of the

Karlsruhe Nuclear Research Centre

as a function of the neutron energy for
natural uranium, uranium 235 and pluto-
nium 239,

It can be seen, for example, that in the case
of natural uranium the minimum value of n
that is necessary to maintain the neutron
balance is attained only at very low (‘‘ther-
mal’’) neutron energies. {tis only in thermal
reactors that natural uranium can be used
as fuel; in these reactors moderating sub-
stances such as water, heavy water or
graphite ensure that the neutrons gener-
ated lose their kinetic energy before they
initiate further fissions as low-energy ther-
mal neutrons.

On the other hand if highly enriched
uranium or plutonium is used, it is possible
to build “fast” reactors in which the nu-
clear fissions are produced by non-moder-
ated fast neutrons. The high value of nin the
fast-neutron energy range, particularly in
the case of plutonium, not only allows
the neutron balance to be maintained in the
normal manner, but also leaves a sizeable
surplus of neutrons for the conversion of
“fertile” into fissile material by neutron
bombardment.

Two main conversion processes are known:
after neutron capture thorium is trans-
formed into fissile uranium 233, and uranium

CHRISTIAN BRUCKNER, STARK Reactor Group, Karlsruhe

238 into plutonium 239. The work at Karls-
ruhe is based on the latter transformation:
uranium 238 -+ neutron —> uranium 239
[B-decay —> neptunium 239
B-decay — plutonium 239
Thus besides the fissile material (plutonium
239), fast reactors will contain as the fertile
element uranium 238, from which more
plutonium 239 is produced through con-
version. The high n value of plutonium in
the fast-neutron energy range not only
enables the consumption of fissile material
to be made good in these reactors by con-
version of the fertile element, but even
makes it possible to “breed” a surplus of
plutonium, which can subsequently be
used for the initial charging of newly con-
structed reactors.
The initiation of nuclear fission by high-
energy fast neutrons means that the neu-
tron energies in a fast reactor are con-
siderably higher than in a thermal one.
Consequently, the parameters required for
the design of a fast breeder have largely to
be determined afresh; this applies partic-
ularly to the fission cross-section in the
fuel, which determines the probability of
fission-initiating neutron capture, and to
the absorption and scattering cross-sections
in the fuel, fertile material, construction
materials and coolant, all of which depend
on the energy of the neutrons.
The hard-neutron spectrum is characterised
by the extremely short life of the neutrons
released in the fissions. Whereas in a ther-
mal reactor the average time that elapses
between the generation and the absorption
of the neutronsin the fuel is one-thousandth
of a second, in a fast reactor it is only a
ten-millionth part of a second. It is easy to
see that this is bound to affect the time-
behaviour and, consequently, the safety of
the fast breeder; indeed, the rate at which
the neutron population and the power of
a “supercritical’’ reactor increase depends
not only on the **reactivity”, i.e. the amount
of the departure from equilibrium, but also
on the average neutron life, that is tosay
the time that elapses between two succes-
sive generations of fission events: the shor-
ter the average neutron life the faster the
rates of increase are likely to be.
Now fortunately not all the neutrons are
“prompt”, i.e. released immediately after
the fission process; a small proportion are
“delayed” neutrons which are emitted
later—sometimes minutes after the relevant
fission events — on the radioactive decay
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Second international conference on methods of preparing and storing labelled compounds

Between 28th November and 3rd Decem-
ber 1966 in Brussels Euratom held its Second
International  Conference on Methods of
Preparing and Storing Labelled Compounds.
This was almost exactly three years after
the first conference, which was held, also in
Brussels, in November 1963.

The object of the meeting was to exchange
information on the progress achieved in the

intervening period and to discuss
results.

The programme covered eight main topics,
namely chemical synthesis methods, bio-
chemical synthesis methods, radiochemical
synthesis methods, autoradiolysis mecha-
nisms and storage methods, synthesis of
compounds labelled with stable isotopes,
special problems involved in tritium-
labelling, analysis and purification methods

new

and, finally, technological problems raised
by the use of labelled compounds as tracers.

A special feature of the conference was the
exhibition held concurrently under the
sponsorship of Foratom and Belgicatom.
European and American companies dis-
played their latest counting, analysis and
manipulation equipment. Producers of
labelled compounds from both continents
also had their stands at the exhibition.

Measurement of the fissile-material content in irradiated fuel

The Euratom Commission has recently as-
signed to the firm of Interatom GmbH,
Bensberg (near Cologne) the task of
developing a process for the simultaneous
and non-destructive determination of the
U 235 and Pu 239 content of irradiated fuel
elements.

This technique is of practical and economic
significance for the operation of reactor

plants. Its salient feature is that the number
of fissions during neutron bombardment is
used to gauge the fissile-material concentra-
tion. Separate analysis of U 235 and Pu 239
is effected by measuring the total chain
fission yield at two neutron energies, since
owing to the very different effective cross-
section curves of these two isotopes the
ratios of the U 235 and Pu 239 fissions to

elements

the total chain fission yield vary independ-
ently of each other and to a degree which
differs with the neutron energy.

On the basis of the theoretical estimates, an
error of |- 59 may be expected in the
determination of the U 235 and Pu 239
isotopes. Efforts are being made, however,
to bring this margin down to - 1%.

A neutron source based on fission products

Euratom has recently developed a neutron
source based on cerium 144 and its daughter
product praseodymium 144, This develop-
ment has a two fold importance: in the first
place this new type of source is likely to be
considerably cheaper than conventional
neutron sources such as antimony 124,
which it is therefore destined to oust
completely; secondly, the discovery of a use
for dangerous radioactive waste products
simplifies the problem of storing them. (It
is estimated that by 1970 the French reactors
alone will have produced about 70 million
curies of cerium 144.)

Cerium 144, which has a half-life of 284 days,
is a beta and gamma emitter. On disinte-
gration the cerium atom is transformed into
an atom of praseodymium 144, which has a

very short half-life of only 17.5 minutes and
likewise emits beta and gamma radiation. It
is primarily the gamma rays from this ele-
ment formed by the disintegration of cerium
which are useful for the production of
neutrons. They possess sufficient energy to
react, for example, with beryllium target
atoms, thus causing a neutron to be ejected
from the nucleus.

The advantages of cerium 144 overantimony
124 as a neutron source can be summarised
as follows: whereas antimony has to be
activated in a reactor, cerium is simply a
by-product. Furthermore, when a sample of
antimony is exposed to a reactor flux, only
a small proportion of its atoms are effec-
tively activated; with cerium 144, on the
other hand, it is possible to obtain a

radiochemical purity of almost 1009, i.e.
a grade in which nearly all the atoms are
radioactive. Consequently, a cerium source
ofagiven volume hasafarhigheractivitythan
an antimony source ofthe same volume.
Preliminary tests carried out at the Ispra
Establishment of the Joint Nuclear Research
Centre indicate that the emission rate will
be 20,000 neutrons/second per curie of
cerium 144/praseodymium 144. The cor-
responding value for antimony 124 is in the
region of one million neutrons/second per
curie, that is to say the yield per curie is
very much higher. Nevertheless, owing to
the high specific activity obtained with
cerium 144, 2 cerium source can emit a
neutron flux which is approximately twice
that of an antimony 124 source of equal
volume.
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