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CANADA'S ROLE IN ATOMIC BOMB DRAMA

Bursting of Atom Opens New Realms to
Science, Says Government Statement.

OITAWA ~-- "Enguiries received from all parts of the world indicate the wide-
spread interest in the work carried on in Canada in meking possible the pro-
duction of the atomic bomb," gaid the Hon. C.D. Howe, Minister of Munitions
and Supply and Reconstruction, here today.

"The dropping of the first atomic bombs is, however, the culmination
of the work of scientists from many nations, the pooling of the scientific and
natural resources of the United States, Britain and Canada and the expenditure
of hundreds of millions of dollars in the United States and smaller, but
substantial, sums in Canada on plant and equipment in the most extensive
sclentific effort ever directed towards the attainment of a new weapon.

"Having ample supplies of basic materials, good water supplies, and
isolated sites well suited to the work, Canada, with foresight and enterprise
and the organizetion of the National Research Council, has been able to enter
as & ploneer into an important new field of technology. The future will dis-
close the full peacetime potentialities of this remarkable new source of energy.

"Interest in the scientific aspects of the achievement is such that
after consultation with Dr. C.J. Mackenzie, President of the National Research
Council, it has been decided tc make public the following details:

LARGE LABORATORY RSTABLISHED IN MONTREAL

Canada has been associated with scientific development in this field
since the time when Rutherford began his investigations on Radioactivity in
MeGill University in 1899, Investigations were, however, confined to
university laboratories until the outbreak of war in 1939, From that time,
the interests of scientists working on this subject in Britain, the United
States, Canada and France were directed to the possibility of a practical
application, On the fall of France, French scientists working on the problem
were sent by Professor Joliet to join the British scientists. In October,
1940, information on this and other war research was interchanged between
Britain, the United States and Canada., Towards the end of 1942, the British
proposed that an important section of the work should be carried on in Canada
a8 a joint enterprise, Accordingly a joint laboratory of United Kingdom and
Canadian staff was established in Montreal under the administration of the
National Hesearch Council, This laboratory has now grown to a staff of over
340, by far the largest organization ever created in this country to carry
out & single research project.

PLANT AT PETAWANIA

As a result of agreemenis reached between the three partner governments,
the work of this laboratory was closely co-ordinated with the tremendous research
activity in this field in the United States, Its work led to the design of a
pilot plant for the production of atomic bomb meterials, now under construc-
tion at Petawawe, Ontario, by Defence Industries Limited, as a part of the
combined United fingdem - United States-Canadian program. A branch of the
Hational Research Council will be established there in close association with
the pilot plant to carry out research on the application of atomic energy in
war and in industry, and on the use of its products in research and medicine,

The primary material required for the operation of this pilot plant
and for its production of materials for atomic bombs is uranium, One of the
world's two most important deposits of this substance was discovered by Gilbert
Labine near Great Bear Leke in Canada. To preserve this important asset for
the people of Canada and to protect the supply for the United Nations, the
Dominion Government took over the ownership of the mines and the extraction plant,
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BURSTING THE URANIUM ATOM

The possibilities of the release of atomic energy have been known to
physicists for some time, The first indications came shortly after the dis-
covery of radium, when Curie found that it generates heat and mainteing itself
at 2 temperature some degrees above its surroundings, The source of this
heat energy was investigated by Rutherford during his researches at MeGill
University in the early years of this century when he showed that new kinds of
rays were emitted from radium and & few other similar materials, These
rays come from the innermost part of the radium atom which is called its nucleus.

In 1919, Rutherford went further and showed that the nucleus of an
atom could be made to emit rays by artificial means, releasing energy in the
process. In this process, the atomic nucleus expels a small part ef itself
ag & projectile of very high velocity, This is called the artificial trans-
mutation of an atom, because the loss of the small part changes its nature,

During succeeding years, many new methods of disrupting the nucleus
were discovered, Among the most powerful was the use of neutrons, a projectile
discovered by Chadwick in 1932, A neutron is actually a part of the nucleus of
an atom which may be ejected when the atom is transmuted. A neutron expelled
from one atom eventually collides with and enters the nucleus of another atom,
often producing a transmutation of the second atcm.

In these early experiments, the atomic energy was released from single
atoms at a time and required speciel and delicate apparatus for its detection,
Tt was not until 1939 that the discovery of "fission," or bursting of uranium
atoms, gave the first hope that it might be possible to release atomic energy
on & large scale capable of military and industrial applications. Physicists
and chemigts in various lsboretories throughout the world had been trying to
understand the behaviour of the heavy element uranium when it is exposed to
neutron rays, Gradually, bit by bit, with careful experimenting they found
the explanation, They discovered that the rays caused the uranium atom to
split in two. They found that this bursting, or "fission" as it is called,
of & uranium atom was over ten million times more violent than the bursting
of a molecule of & modern high explosive,

The bursting of a molecule of high explosive is a chemical process --
one of the many chemical processes that are familiar to us, like the rusting
of iron and the burning of coals These processes are brought about by the
forces between atoms which are called chemical forces, The bursting of the
uranium atom, on the other hand, is caused by forces ingide the atomic nucleus,
forces enormously strenger than the chemical forces between atoms.

WEUTRON PROVIDES "TRIGGER!

The fission of uranium differs from ordinary atomic transmutation
processes. Transmutation involves the ejection of o relatively small part
of the atomic nueleus, such as a neutron or an electron. The loss of this part
alters the properties of the atom, including its chemical behaviour, In the
case of fission, however, the uranium atom splits into two large parts which
become two new atoms of chemically different elements, a discovery so surprising
that the scientists feared that no one would believe it, In addition, the
figsion of a uranium atom is accompanied by the expulsion of neutrons. The
number of neutrons emitted varies, but lies between one and three. This is
a fact of the greatest importance, for it opens up the possibility that the
same process of fission can be propagated in naighbouring atoms of uranium,
Another important respect in which fission differs from transmutation is that
the energy released in the process is many times greater.

The entry of a neutron into the nucleus of the uranium atom is the
trigger which sets off the fission process. Since neutrons are zlso emitted in
fission, they are available to act as the triggers for the fission of still
other uranium stoms, and thus under favourable conditions, whole chains of
figsiong can be produced, sach fission being caused by a neutron relessed in
a previcus fission, In this way the process can be made self-propagating and

self-increasing so that what starts as an action affecting only ocne or two



afows DY, in o short time, affect & lorwo proportion of the stoms in 2 hlock
af rmavoricl, In other werls, & Cuk.lﬂ roacticrn” is set up, Those are the
contitions vhich must e realizmed if the cnorcy released in theose nwelcar

~roee8ses ig te be made availeble or & larrme scnle, If the echain reaction
buills up very quickly the cnorzy will he rcleased in a viclent cxplosion as
in o hombs vhon the chein reaction is controlled the cnerpy may be set free
g stuLL—r rotey

G Y DIFTICULTIES OVERCOME

lerze-scale rolsase of cbrmic onergy deponds ontirely on the
comservation of the noutroms srofveed, in other thet thoy can couse still
forther fissisns, IL the supply of noutrens is dissipoted by losses, the come
tostisn of wreniun otems will die oud li‘rm a firs that lecks alr, Losses of
neturonsg cor occur in mary woys. Some of then mercly escape frem the uvranium
L~ thic siteile; pthere way he abserhod in the wranium 1t5u1f or in fereirn
-sturiccs, ALl moterials shecrt nentrons, Any substence which is presont
with the uranium compeles with it for the owailable supply of those particles,

Byen in uranive itself nct all the neutrons absorbeld prouce fissicm,
s Sntry uronium, 08 it occurs in nature, there are three kinds of urenium
vhe Tf.w..c;l are Jistinruishod by the namos U238, U235 and U234 atoms, They
howe Loen so named hoeause thoy ore rospectively 2)&.«, 235 and 234 tines as hoavy
a5 the Hshtest ldind of ab: I"",hj,w’.f wor, Almost 211 of the fissirm cccure in the
U225 atoms but these are snly 7/10 por cord ~f the mixture, The mumber of
U234 gt-rme is negligibly seall, The U238 at-me chscrb noutrens freely without
spadueins fission (cxeent to o slirht extent when they are struck by noutrons
of very hizh veloeity), an? unfs *"*um wljy 0238 atoms preatly predominate in
noturel prariwe, In orlor, that the reaction shall multi-ly itself
ot ths =rcatesh possitle rote it is 1':occssz'_:t';r to use U235 alone cr at least
foirly froe from admixture with 238,

Ir o mogs of U235, “woutrors will be lost meinly by cscape Into the
~rutor oir, The inportance of thisg effeet can be roduced b‘y inereaginn tho
gize ~f tho mase, sinco the production of ncutrons, vhich is a volume cffect,
411 ingrease mare rRpicly - 1t11 gsize than the less by escane, which is a
surface offeet, It follews that if tho oxplosion is ":mssﬂ lb it will require
at lcast o nminimun mess of matorial, ¥hiech is ealled the eritienl size, Thus
the explogicn is very Qifferent in its mechanism from the crdinary chemical
cxplosion for it eon cecur only if the quartity of matericl is ~reater then this
eritical armvunt, Quantities af the meterial lese thon the critical amcunt
arg otatle and porfectly safe, On the othor hand, if the omount of motericl
exceels tho eritical value, it is unstable and & redeticn will Zevelsp and
milti-1y itself with en-rm ue repidity resulting in @ okplosion of unprecelonted
vislenee, Thus all that is nccessary o dctenste the bomh is o bring topethor
0o —icees of the active metorizl, wach less then the eritical size, but which
Taen in ¢-ptoet form 2 mass exece! iﬁ.’g 5

The sao or 'L::Lrn of the ‘u.?.35 atres, which ore pmost wseful o £
: extrercly diffiecult, Doth I
ieal prepertiss apd thereferse no
wemiczl proco’? '1: st-lrrthp Betroen them, Physical moetheds which
fosagnl oe tho VL.I‘y gl4-mt difference in weirht must Te vsed for thelr separaticn,
end very greft toohriesl Aifficultics had tn be overesse to darelop a moethed
which was sz.’ris"act-'-ry sren on 2 laborotory seele, To do this on tho scale
il oSt sroluetion of the amsurts of moterial necessary for an atomic
ri: was 2 mosgt e- rridakle task ap? lemonded a prest industriel e¢ffcrt, The
i g Heweyor been seermplished ir the United Stotos
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FLUTQUTUM EXT SURITANCE

Ura....-;um is n~t the orly substence thot is carable ~f fission, Annther
torizl is ~lut-rium. This substance 4%es neot cccur naturally, hut

Tissile mpy
mast bo —rorared ‘;y exoagins urarium to neutrons, The U238 at-ms, which con-

trivute very little to the fissizn of srdirery urerium, are the ones that are
trarsmate’ te beermo overtually atrms »f ;lutenium, Flutonium, like U235 y 18



very fissile, arnf it has the impoartant aavgnta"" thot it 1s chemically
Aiffercrt from uraniuem end is t15ruLCLE casily sorarated from it by chemical
methads,

IET PLANT PRODUCES PLUTCI TUM

The -plant vwhieh is heing built near Fetawaws to profuce materials
far reloose of atomie energy, will Gﬁnt"ln urarium an? heavy water, TThen
these materials ars brousht forether in certain proportions and in sufficient
guartity chaing of fissions are set up amd larze quantities of &nergy are
releascd from the uranium in a echirolled and nonesxplosive way,

The hasie prpcess in the Potawawa plant is the producticon of fission
in uronium 235 by a slow neutron, The fisgion of o U235 atom relcascs high
gpeed nentreonsy these cellide with the beavy vwoter meleecules without being
ebsrrhed and so they lose speed until they in turn yrofvee fission, In this
way a slow neutren “chain resetion® is set uwp, This results in very large
runbers of neutrsons being set free,” Sone of +%Lse revtrons are absorbed in
the U238 atoms to produce plukenium, Leder the urenium can be remsved fron
the plent and the Ilutﬂn*um cxwbracted ehemieally,

ATD

Other neutrons can be shonrhed in materials nlaced roun@ the reacting
vranium, By this means interesting mew radicactive matericls can be ro-
ducoed in large quantities, The plant will therefore be a scurce of supply ef
such metorials for the stnﬂv of ehemiecnl ond biolegical praocesses and for
orrlication in medieine,

Sore of the cnergy of fission is roeleased in the form of fost noutrons
ant orerzotic mamme radiation, The reasctirs uranium must therefore be surr-unded
with a rreat thiclmess of materisl to ahserh the roubrerns in order to protect
the worltdng perecnnel frem ipjuricus effects, The irtonsity of the fast
neutren rodiations is much sreater than any previcusly ava ilable to physicists
and prosents preat poesibilitics for selentific rescarch,

IFDUSTRIAL POCER SOURCE

The zreater nert of the encrgy of fissicn appears in the form ef
heat repcrated in the urénium metal, This haat has to be remcvzd by radhidly
floving water cr zos, The metel surface tomporaturss ore oo low at prosent
for this heat to be used effectively for the gereraticn of pover, but there
iz a pogsibility that this limitation may be removed by furthsr work,

RESEARCE COUFCIL DESIGNS PLANT

The Cesigh of uranium Pission plants prescnts tdchniecal problems
ertirely differsrdt froh arything rrevisusly cnesunptered in industrial ard cngine
eerin~ expericnee, It requires the eombined mowled-e and treining of experi=-
nerntel and mathematical thysieists, chemists and éngineers and exporta in cother
scionces, Every lmroriant feature of <esisn has been based on difficult eol=
culati-n, meosurcmeont an’l experiment,

This work has been corricd aut for the Capadion plart by the Montresl
ekeratory, nided by such ekxperience and irfornmation from the U_‘. rroject as
was cutherized by cgreoment, The laberateory "rcsbwtud the hasic date to
Deforee Irdustrics Linited whe have prepered detailed desirns far the cone
gtruction by the Fraser Brace Comrany,
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