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THE FIRST REACTOR

THE SIGNIFICANCE OF DECEMBER 2, 1942

Throughout history, only a few single events have ma-
terially altered the course of civilization. Among these
was the completion and successful operation of the first
nuclear reactor, an accomplishment that has been com-
pared to the invention of the steam engine or the manu-
facture of the first automobile in its impact on the future
and its significance for social change.

Creation of the first reactor made it possible to release
and use the huge forces locked in the hearts of atoms. This
energy was first employed in wartime, for atomic bombs.
Then, over the years, other reactors—more technologi-
cally sophisticated, more ingenious, more powerful — were
built and employed to channel the energy of the atomic
nucleus into peaceful pursuits —the generation of elec-
tricity, the conquest of disease, the pursuit of knowledge,
the identification, measurement and testing of materials,
the propulsion of ships and rockets, and many others.
There is great promise of still more wonders for the
future — wonders that will become commonplace as the
Atomic Age progresses.

The story of the first primitive reactor, then, is an
account of the birth of a new era. To understand atomic
energy as a force that shaped that era, and to give meaning
to the present and perspective to the future, it is interest-
ing and rewarding to know how the era began. This booklet
tells the story in three ways-—in the words of two men
whose job it was to report an event in which others, more
renowned and more directly concerned, participated —in
the words of the most famous of the dedicated participants,
whose wisdom, confidence, and leadership inspired the
hoped-for result—and in the words of that leader’s wife,
who did not learn until long afterward of the event of De-
cember 2, 1942,

Envico Fermi, the Italian physicist, led the team of scientists who
built the first nuclear veactor.



THE FIRST PILE
By Corbin Allardice and Edward R. Trapnell

On December 2, 1942, man first initiated a self-sustain-
ing nuclear chain reaction, and controlled it.

Beneath the West Stands of Stagg Field,* Chicago, late
in the afternoon of that day, a small group of scientists
witnessed the advent of a new era in science. History was
made in what had been a squash-rackets court.

Precisely at 3:25 p.m., Chicago time, scientist George
Weil withdrew the cadmium-plated control rod and by his
action man unleashed and controlled the energy of the atom.

As those who witnessed the experiment became aware of
what had happened, smiles spread over their faces and a
quiet ripple of applause could be heard. It was a tribute to
Enrico Fermi, Nobel Prize winner, to whom, more than to
any other person, the success of the experiment was due.

Fermi, born in Rome, Italy, on September 29, 1901, had
been working with uranium for many years. In 1934 he
bombarded uranium with neutrons and produced what ap-
peared to be element 93 (uranium is element 92) and
element 94. However, after closer examination it seemed
as if nature had gone wild; several other elements were
present, but none could be fitted into the periodic table
near uranium-—where Fermi knew they should have fitted
if they had been the transuranic elements 93 and 94. It was
not until five years later that anyone, Fermi included,
realized he had actually caused fission of the uranium and
that these unexplained elements belonged back in the middle
part of the periodic table.

Fermi was awarded the Nobel Prize in 1938 for his work
on transuranic elements. He and his family went to Sweden
to receive the prize. The Italian Fascist press severely
criticized him for not wearing a Fascist uniformand failing
to give the Fascist salute when he received the award. The
Fermis never returned to Italy.

From Sweden, having taken most of his personal posses-
sions with him, Fermi proceeded to London and thence to

*The University of Chicago athletic stadium.



Sketch of the first pile. Avound it is a tent of balloon cloth fabric,
preparved so that the veactor could be sealed to minimize nonpro-
ductive loss of neutvons if necessarvy;the tent was nevev used. This
is one of two drvawings made in 1946 and based on physical mea-
surements of the reactor and vecollections of the scientists. (The
other drawing is on page 33.)

America where he has remained ever since.*

The modern Italian explorer of the unknown was in
Chicago that cold December day in 1942. An outsider look-
ing into the squash court where Fermi was working would
have been greeted by a strange sight. In the center of the
30 by 60 foot room, shrouded on all but one side by a gray
balloon cloth envelope, was a pile of black bricks and
wooden timbers, square at the bottom and a flattened
sphere on top. Up to half of its height, its sides were
straight. The top half was domed, like a beehive. During
the construction of this crude appearing but complex pile
(the name which has since been appliedtoall such devices) T

*Dr. Fermi died in Chicago, Illinois, November 28, 1954.

TThe term ¢‘‘pile,’’ in use for the first few years of the atomic
age, gradually gave way to ‘“reactor’’ to identify the key device
that controls the nuclear fission reaction.



the standing joke among the scientists working on it was:
“If people could see what we’re doing with a million-and-
a-half of their dollars, they’d think we are crazy. If they
knew why we are doing it, they’d be sure we are.”

In relation to the fabulous atomic bomb program, of
which the Chicago Pile experiment was a key part, the
successful result reported on December 2nd formed one
more piece for the jigsaw puzzle which was atomic energy.
Confirmation of the chain reactor studies was an inspira-
tion to the leaders of the bomb project, and reassuring at
the same time, because the Army’s Manhattan Engineer
District had moved ahead on many fronts. Contract negotia-
tions were under way to build production-scale nuclear
chain reactors, land had been acquired at Oak Ridge,
Tennessee, and millions of dollars had been obligated.

Three years before the December 2nd experiment, it had
been discovered that when an atom of uranium was bom-
barded by neutrons, the uranium atom sometimes was split,
or fissioned. Later, it had been found that when an atom of
uranium fissioned, additional neutrons were emitted and
became available for further reaction with other uranium
atoms. These facts implied the possibility of a chain
reaction, similar in certain respects to the reaction which
is the source of the sun’s energy. The facts further indi-
cated that if a sufficient quantity of uranium could be
brought together under the proper conditions, a self-
sustaining chain reaction would result. This quantity of
uranium necessary for a chain reaction under given condi-
tions is known as the critical mass, or more commonly,
the “critical size” of the particular pile.

For three years the problem of a self-sustaining chain
reaction had been assiduously studied. Nearly a year after
Pearl Harbor,* a pile of critical size was finally con-
structed. It worked. A self-sustaining nuclear chain reac-
tion was a reality.

*The Japanese attacked the American naval base at Pearl Har-
bor, Hawaiian Islands, December 7, 1941; this attack brought the
United States into World War II.



Years of Preliminary Research

Years of scientific effort and study lay behind this dem-
onstration of the first self-sustaining nuclear chain reac-
tion. The story goes back at least to the fall of 1938 when
two German scientists, Otto Hahn and Fritz Strassman,
working at the Kaiser Wilhelm Institute in Berlin, found
barium in the residue material from an experiment in
which they had bombarded uranium with neutrons from a
radium -beryllium source. This discovery caused tremen-
dous excitement in the laboratory because of the difference
in atomic mass between the barium and the uranium. Pre-
viously, in residue material from similar experiments,
elements other than uranium had been found, but they dif-
fered from the uranium by only one or two units of mass.
The barium differed by approximately 98 units of mass.
The question was, where did this element come from? It
appeared that the uranium atom when bombarded by a neu-
tron had split into two different elements, each of approxi-
mately half the mass of the uranium.

Before publishing their work in the German scientific
journal Die Naturwissenschaften, Hahn and Strassman com-
municated with Lise Meitner who, having fled the Nazi-
controlled Reich,* was working with Niels Bohr in Copen-
hagen, Denmark.

Lise Meitnev and Otto
Hahn in theiv labova-
tory in the 1930s.

*Germany under Adolf Hitler’s Nazi Party rule was known as
the ‘“Third Reich’’ (Third Realm).
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Miss Meitner was very much interested in this phenom-
enon and immediately attempted to analyze mathematically
the results of the experiment. She reasoned that the bar-
ium and the other residual elements were the result of a
fission, or breaking, of the uranium atom. But when she
added the atomic masses of the residual elements, she
found this total was less than the atomic mass of uranium.

There was but one explanation: The uranium fissioned
or split, forming two elements each of approximately half
of its original mass, but not exactly half. Some of the mass
of the uranium had disappeared. Miss Meitner and her
nephew O. R. Frisch suggested that the mass which dis-
appeared was converted into energy. According to the
theory advanced in 1905 by Albert Einstein in which the
relationship of mass to energy was stated by the equation
E = mc? (energy is equal to mass times the square of the
speed of light), this energy release would be of the order
of 200,000,000 electron volts for each atom fissioned.

Bohr’'s Trip to America

Einstein himself, nearly thirty-
five years before, had said this
theory might be proved by further
study of radioactive elements.
Bohr was planning a trip to Amer-
ica to discuss other problems with
Einstein who had found a haven at
Princeton’s Institute for Advanced
Studies. Bohr came to America,
but the principal item he dis-
cussed with Einstein was the

Niels Bohr report of Meitner and Frisch.
Bohr arrived at Princeton on January 16, 1939. He talked
to Einstein and J. A. Wheeler who had once been his
student. From Princeton the news spread by word of
mouth to neighboring physicists, including Enrico Fermi
at Columbia. Fermi and his associates immediately began
work to find the heavy pulse of ionization which could
be expected from the fission and consequent release of
energy.




Before the experiments could be completed, however,
Fermi left Columbia to attend a conference on theoretical
physics at George Washington University in Washington,
D. C. Here Fermi and Bohr exchanged information and
discussed the problem of fission. Fermi mentioned the
possibility that neutrons might be emitted in the process.
In this conversation, their ideas of the possibility of a
chain reaction began to crystallize.

Before the meeting was over, experimental confirmation
of Meitner and Frisch’s deduction was obtained from four
laboratories in the United States (Carnegie Institution of
Washington, Columbia, Johns Hopkins, and the University
of California). Later it was learned that similar confirma-
tory experiments had been made by Frisch and Meitner on
January 15th. Frederic Joliot-Curie in France, too, con-
firmed the results and published them in the January 30th
issue of the French scientific journal, Comples rendus.

On February 27, 1939, the Canadian-born Walter H. Zinn
and Leo Szilard, a Hungarian, both working at Columbia
University, began their experiments to find the number of
neutrons emitted by the fissioning uranium. At the same
time, Fermi and his associates, Herbert L. Anderson and
H. B. Hanstein, commenced their investigation of the same
problem. The results of these experiments were published
side-by-side in the April edition of the Physical Review
and showed that a chain reaction might be possible since
the uranium emitted additional neutrons when it fissioned.

Walter H. Zinn Leo Szilard



Afterv the discovery of uranium
Jfission in 1939, it became appar-
ent that a powevful weapon might
be developed based on this con-
cept. Leo Szilard was one of the
scientists who felt stvongly that
the govevnment should begin in-
tensive wovk especially since the
Nazis weve probably following a
similar line of veseavch. He dis-
cussed this with Eugene Wigner,
Albert Einstein, and Alexander
Sachs, an economist who had ac-
cess to the White House. A letter
was drvafted that would be deliv-
eved to President Franklin Roose-
D N Rooscucll velt by Sachs along with scientific

Albert Einstein
0ld Grove Rd.
Nassau Point
Peconic, Long Island
August 2nd, 1939

P.D. Roosevelt,

President of the United States,

Thite House

Washington, D.C.

Sir:

Some recent work by Z.Fermi and L. Szilard, which has been com-
municated to me in manuscript, leads me to expect that the element uran-
ium may be turned into a new and important source of energy in the im-
7mediate future. Tertain aspects of the situation which has arisen seem
to call for watchfulness and, if necessary, quick action on the part
of the Administration. I believe thereore that it is my duty to bring
to your attention the followin; facts and recormendationss

In -the course of the last four months ii{ has been made probable =~
through the work of Joliot in France as well as Fermi and Szilard in
America - that it may become possivlie to set up a nuclear cheain reaction
in a large mass of uranium,by which vast amounts of power and large quant-
ities of new radium-like elements would be jenerated. Now 1t appears
almost certain that this could be achieved in the immediate future.

This new phenonenon would also lead to the construction of bombs,
and 1t is conceivable - though much less certain - that extremely power-
ful bombs of a new type may thus be constructed. A single bomb of this
type, carried by boat and exploded in a port, might very well destroy
the whole port together with some of the surrounding territory. However,
such bombs might very well prove to be too heavy for transportation by

eir.



veports confirming the theory.
Einstein was asked lo sign it since
he was one of the wmost distin-
guished scientists in the countvy.
After reading it he said, ‘‘For the
first time in history, men will use
enevgy Llhat does not come from
the sun’’. Sachs deliveved the lel-
ter (reproduced below) and the
reports. President Roosevell sub-
sequently appointed the Advisory
Committee on Uranium, which, on
November 1,veported that a chain
reaction was a possibility and that
the government should suppori a
thovough investigation.

Albert Einstein

2w

The United States nhus only very poor ores of uranium in moderate
Quantities. There is some good ore in Canada and the former Caechoslovakia,
while the most important source of uranium is Belgian Congo.

In view of this situation you may think it desirable to have some
permanent contact maintained between the Administration and the group
of physicists working on chain reactions in America. One possible way
of achieving this might be for you to entrust with this task a person
who has your confidence and who could perhaps serve in an inofficial
capacity. His task might comprise the following:

a) to approach Government Departments, keep them informed of the
further development, and put forward recommendations for Government action,
giving partioular attention to the problem of securing a supply of uran-
ium ore for the United States;

b) to speed uvp the experimental work,which is at present being car-
ried on within the limits of the budgets of University laboratories, by
providing funds, if such funds be required, through his contaots with
private persons who are willing to make contributions for this cause,
and perhaps also by obtaining the co-operation of incustrial laboratories
which have the necessary equipment.

I understand that Germany has actually stopped the sale of uranium
from the Czechoslovakian mines which she has taken over. That she should
have taken such early action might perhaps be understood on the ground
that the son of the German Under-Secretary of State, von Veizsidcker, is
attached to the Kaiser-Vilhelm-Institut in Berlin where some of the
American work on uranium is now being repeated.

Yours very truly,
¥ obeg,
(Albert Einstein)



These measurements of neutron emission by Fermi,
Zinn, Szilard, Anderson, and Hanstein were highly signifi-
cant steps toward a chain reaction.

Further impetus to the work on a uranium reactor was
given by the discovery of plutonium at the Radiation Labo-
ratory,* Berkeley, California, in March, 1940. This ele-
ment, unknown in nature, was formed by uranium-238
capturing a neutron, and thence undergoing two successive
changes in atomic structure with the emission of beta par-
ticles. Plutonium, it was believed, would undergo fission
as did the rare isotope of uranium, 2**U.

Meanwhile, at Columbia, Fermi and Zinn and their
associates were working to determine operationally pos-
sible designs of a uranium chain reactor. Among other
things, they had to find a suitable moderating material to
slow down the neutrons traveling at relatively high veloci-
ties. In July, 1941, experiments with uranium were started
to obtain measurements of the reproduction factor (called
“k”), which was the key to the problem of a chain reaction.
If this factor could be made sufficiently greater than 1, a
chain reaction could be made to take place in a mass of
material of practical dimensions. If it were less than 1, no
chain reaction could occur.

Since impurities in the uranium and in the moderator
would capture neutrons and make them wunavailable for
further reactions, and since neutrons would escape from
the pile without encountering uranium-235 atoms, it was
not known whether a value for “k” greater than unity could
ever be obtained.

Fortunate it was that the obtaining of a reproduction
factor greater than 1 was a complex and difficult problem.
If Hitler’s scientists had discovered the secret of control-
ling the neutrons and had obtained a working value of “k,”
they would have been well on the way toward producing an
atomic bomb for the Nazis.

*Now the E. O. Lawrence Radiation Laboratory, operated for
the Atomic Energy Commission by the University of California.
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The Cubical Lattice Concept

One of the first things that had to be determined was how

best to place the uranium in the reactor. Fermi and
Szilard suggested placing the uranium in a matrix of the
moderating material, thus forming a cubical lattice of ura-
nium. This placement appeared to offer the best opportu-
nity for a neutron to encounter a uranium atom. Of all the
materials which possessed the proper moderating qualities,
graphite was the only one which could be obtained in suffi-
cient quantity of the desired degree of purity.
§ The study of graphite—ura-
nium lattice reactors was
started at Columbia in July,
1941, but after reorganiza-
tion of the uranium project in
December, 1941, Arthur H.
Compton was placed incharge
of this phase of the work,
under the Office of Scientific
Research and Development,
and it was decided that the
chain reactor program should be concentrated at the Uni-
versity of Chicago. Consequently, early in 1942 the Colum-
bia and Princeton groups were transferredto Chicago where
the Metallurgical Laboratory* was established.

In a general way, the experimental nuclear physics group
under Fermi was primarily concerned with getting a chain
reaction going; the chemistry division organized by F. H.
Spedding (later in turn under S. K. Allison, J. Franck, W. C.
Johnson, and T. Hogness) with the chemistry of plutonium
and with separation methods, and the theoretical group
under E. P. Wigner with designing production piles. How-
ever, the problems were intertwined and the various
scientific and technical aspects of the fission process were
studied in whatever group seemed best equipped for the
particular task.

Avthur H. Compton

*The Metallurgical Laboratory was the predecessor of Argonne
National Laboratory, which is operated for the Atomic Energy
Commission by the University of Chicago and Argonne Univer-
sities Association.
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At Chicago, the work on subcritical size piles was con-
tinued. By July, 1942, the measurements obtained from
these experimental piles had gone far enough to permit a
choice of design for a test pile of critical size. At that
time, the dies for the pressing of the uranium oxides were
designed by Zinn and ordered made. It was a fateful step,
since the entire construction of the pile depended upon the
shape and size of the uranium pieces.

It was necessary to use uranium oxides because metallic
uranium of the desired degree of purity did not exist.
Although several manufacturers were attempting to produce
the uranium metal, it was not until November that any
appreciable amount was available. By mid-November,

= = Westinghouse Electric and Manu-
DA facturing Company, Metal Hy-
drides Company, and F. H. Sped-
ding, who was working at Iowa
State College at Ames, Iowa, had
delivered several tons of the highly
purified metal which was placed
in the pile, as close to the center
as possible. The procurement pro-
gram for moderating material and
uranium oxides had been handled
by Norman Hilberry. R. L. Doan
headed the procurement program
for pure uranium metal.

Although the dies for the pressing of the uranium oxides
were designed in July, additional measurements were
necessary to obtain information about controlling the reac-
tion, to revise estimates as to the final critical size of
the pile, and to develop other data. Thirty experimental sub-
critical piles were constructed before the final pile was
completed.

Norman Hilberry

12



The Manhattan District Formed

Meantime, in Washington, Van-
nevar Bush, Director of the Office
of Scientific Research and De-
velopment, had recommended to
President Roosevelt that a spe-
cial Army Engineer organization
be established to take full respon-
sibility for the development of the
atomic bomb. During the summer,
the Manhattan Engineer District*
was created, and in September,
1942, Major General L. R. Groves
assumed command.

Construction of the main pile
at Chicago started in November. The project gained mo-
mentum, with machining of the graphite blocks, pressing
of the uranium oxide pellets, and the design of instruments.
Fermi’s two “construction” crews, one under Zinn and the
other under Anderson, worked almost around the clock.
V. C. Wilson headed up the instrument work.

Original estimates as to the critical size of the pile were
pessimistic. As a further precaution, it was decided to
enclose the pile in a balloon cloth bag which could be
evacuated to remove the neutron-capturing air.

This balloon cloth bag was constructed by Goodyear
Tire and Rubber Company. Specialists in designing gasbags
for lighter-than-air craft, the company’s engineers were a
bit puzzled about the aerodynamics of a square balloon.
Security regulations forbade informing Goodyear of the
purpose of the envelope and so the Army’s new square
balloon was the butt of much joking.

The bag was hung with one side left open; in the center
of the floor a circular layer of graphite bricks was placed.
This and each succeeding layer of the pile was braced by
a wooden frame. Alternate layers contained the uranium.

Leslie R. Groves

*The Atomic Energy Commission (AEC), a civilian agency,
succeeded the Manhattan Engineer District as the governmental
organization to control atomic energy on January 1, 1947.
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By this layer-on-layer construction a roughly spherical
pile of uranium and graphite was formed.

Facilities for the machining of graphite bricks were in-
stalled in the West Stands. Week after week this shop
turned out graphite bricks. This work was done under the
direction of Zinn’s group, by skilled mechanics led by mill-
wright August Knuth. In October, Anderson and his associ-
ates joined Zinn’s men.

Describing this phase of the work, Albert Wattenberg, one
of Zinn’s group said: “We found out how coal miners feel.
After eight hours of machining graphite, we looked as if we
were made up for a minstrel. One shower would remove
only the surface graphite dust. About a half-hour after the
first shower the dust in the pores of your skin would start
oozing. Walking around the room where we cut the graphite
was like walking on a dance floor. Graphite is a dry lubri-
cant, you know, and the cement floor covered with graphite
dust was slippery.”

Robert G. Nobles stands next
to one of the 30 piles built to
Juynish preliminarvy informa-
tion necessary for the design
of the fivst opevating pile.
The tops and sides weve cov-
eved with cadmium sheets to
eliminate ervors by veducing
the retuvn of slow neutvons to
the pile after scatteving ovr
veflection from the survound-
ings. A typical pile consisted
of 30 layers of gvaphite with
altevnate layers beaving uva-
nium fuel.

Before the structure was half complete, measurements
indicated that the critical size at which the pile would
become self-sustaining was somewhat less than had been
anticipated in the design.

14



Construction of the Pile

Graphite layers form the base of Lhe pile, left. On the vight is the
seventhlayer of graphite and edges of 6lh layer containing 3%/4-inch
pseudospheres of black uvanium oxide. Beginning with layer 6,
alternate courses of graphite containing wranium wmetal and/orv
uranium oxide fuel werve sepavated by layevs of solid graphite
blocks.

Tenth layer of grvaphite blocks containing pseudospherves of black
and brown urvanium oxide. The brvown briquets, slightly vicher in
uvanium, weve concentvated in the centval avea. In the foregvound
and on either side ave cavities filled with gvaphite, now presumed
to have been an expedient measuve dictated by shorvtage of fuel and,
possibly, a last minute change in the lattice arvangement. On the
vight is the nineteenth layer of gvaphite covering layer 18 contain-
ing slugs of uvanium oxide.



Computations Forecast Success

Day after day the pile grew toward its final shape. And
as the size of the pile increased, so did the nervous tension
of the men working on it. Logically and scientifically they
knew this pile would become self-sustaining. It had to.
All the measurements indicated that it would. But still the
demonstration had to be made. As the eagerly awaited
moment drew nearer, the scientists gave greater and
greater attention to details, the accuracy of measurements,
and exactness of their construction work.

Guiding the entire pile construction and design was the
nimble-brained Fermi, whose associates described him
as ‘“completely self-confident but wholly without conceit.”

So exact were Fermi’s calculations, based on the mea-
surements taken from the partially finished pile, that days
before its completion and demonstration on December 2nd,
he was able to predict almost to the exact brick the point
at which the reactor would become self-sustaining.

But with all their care and confidence, few in the group
knew the extent of the heavy bets being placed on their
success. In Washington, the Manhattan District had pro-
ceeded with negotiations with E. I. duPont de Nemours
and Company to design, build, and operate a plant based
on the principles of the then unproved Chicago pile. The
$350,000,000 Hanford Engineer Works* at Pasco, Washing-
ton, was to be the result.

At Chicago during the early afternoon of December 1st,
tests indicated that critical size was rapidly being ap-
proached. At 4:00 p.m. Zinn’s group was relieved by the
men working under Anderson. Shortly afterwards, the last
layer of graphite and uranium bricks was placed on the
pile. Zinn, who remained, and Anderson made several
measurements of the activity within the pile. They were
certain that when the control rods were withdrawn, the pile
would become self-sustaining. Both had agreed, however,
that should measurements indicate the reaction would
become self-sustaining when the rods were withdrawn,

*Later the Hanford Atomic Products Operation— Hanford Labo-
ratories, operated by the General Electric Co., for the AEC.
Since 1965 Hanford facilities have been operated by 5 contractors.

16



they would not start the pile operating until Fermi and the
rest of the group could be present. Consequently, the con-
trol rods were locked and further work was postponed

until the following day.

That night the word was passed to the men who had
worked on the pile that the trial run was due the next

morning.

4

Cutaway model of the West
Stands of Stagg Field show-
ing the first pile in the
squash court benealh it.
The apparvatus for with-
drawing the emevrgency
control vod “‘Zip'' is in
the centev of the picture.
A rope attached to the vod
is tied to the wvail of the
balcony.

On the right are the West
Stands.

17



Assembly for the Test

About 8:30 on the morning of Wednesday, December 2nd,
the group began to assemble in the squash court.

At the north end of the squash court was a balcony about
ten feet above the floor of the court. Fermi, Zinn, Ander-
son, and Compton were grouped around instruments at the
east end of the balcony. The remainder of the observers
crowded the little balcony. R. G. Nobles, one of the young
scientists who worked on the pile, put it this way: “The
control cabinet was surrounded by the ‘big wheels’ the
‘little wheels’ had to stand back.”

On the floor of the squash court, justbeneath the balcony,
stood George Weil, whose duty it was to handle the final
control rod. In the pile were three sets of control rods.
One set was automatic and could be controlled from the
balcony. Another was an emergency safety rod. Attached
to one end of this rod was a rope running through the pile
and weighted heavily on the opposite end. The rod was
withdrawn from the pile and tied by another rope to the
balcony. Hilberry was ready to cut this rope with an axe
should something unexpected happen, or in case the auto-
matic safety rods failed. The third rod, operated by Weil,
was the one which actually held the reaction in check until
withdrawn the proper distance.

Since this demonstration was new and different from
anything ever done before, complete reliance was not
placed on mechanically operated control rods. Therefore,
a “liquid-control squad,” composed of Harold Lichten-
berger, W. Nyer, and A. C. Graves, stood on a platform
above the pile. They were prepared to flood the pile with
cadmium-salt solution in case of mechanical failure of the
control rods.

Each group rehearsed its part of the experiment.

At 9:45 Fermi ordered the electrically operated control
rods withdrawn. The man at the controls threw the switch
to withdraw them. A small motor whined. All eyes watched
the lights which indicated the rods’ position.

But quickly, the balcony group turned to watch the
counters, whose clicking stepped up after the rods were
out. The indicators of these counters resembled the face
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of a clock, with “hands” to indicate neutron count. Nearby
was a recorder, whose quivering pen traced the neutron
activity within the pile.

Shortly after ten o’clock, Fermi ordered the emergency
rod, called “Zip,” pulled out and tied.

“Zip out,” said Fermi. Zinn withdrew “Zip” by hand and
tied it to the balcony rail. Weil stood ready by the “vernier»
control rod which was marked to show the number of feet
and inches which remained within the pile.

At 10:37 Fermi, without taking his eyes off the instru-
ments, said quietly:

“Pull it to 13 feet, George.” The counters clicked faster.
The graph pen moved up. All the instruments were studied,
and computations were made.

“This is not it,” said Fermi. “The trace will go to this
point and level off.” He indicated a spot on the graph. In
a few minutes the pen came to the indicated point and did
not go above that point. Seven minutes later Fermi ordered
the rod out another foot.

Again the counters stepped up their clicking, the graph
pen edged upwards. But the clicking was irregular. Soon
it leveled off, as did the thin line of the pen. The pile was
not self-sustaining —yet.

At eleven o’clock, the rod came out another six inches;
the result was the same: an increase in rate, followed by
the leveling off.

Fifteen minutes later, the rod was further withdrawn
and at 11:25 was moved again. Each time the counters

19



speeded up, the pen climbed a few points. Fermi predicted
correctly every movement of the indicators. He knew the
time was near. He wanted to check everything again. The
automatic control rod was reinserted without waiting for
its automatic feature to operate. The graph line took a
drop, the counters slowed abruptly.

At 11:35, the automatic safety rod was withdrawnand set.
The control rod was adjusted and “Zip” was withdrawn.
Up went the counters, clicking, clicking, faster and faster.
It was the clickety-click of a fast train over the rails. The
graph pen started to climb. Tensely, the little group
watched, and waited, entranced by the climbing needle.

Whrrrump! As if by a thunder clap, the spell was broken.
Every man froze —then breathed a sigh of relief when he
realized the automatic rod had slammed home. The safety
point at which the rod operated automatically had been set
too low.

“I'm hungry,” said Fermi. “Let’s go to lunch.”

Time Out for Lunch

Perhaps, like a great coach, Fermi knew when his men
needed a “break.”

It was a strange ‘“between halves” respite. They got no
pep talk. They talked about everything else but the “game.”
The redoubtable Fermi, who never says much, had even
less to say. But he appeared supremely confident. His
“team” was back on the squash court at 2:00 p.m. Twenty
minutes later, the automatic rod was reset and Weil stood
ready at the control rod.

“All right, George,” called Fermi, and Weil moved the
rod to a predetermined point. The spectators resumed
their watching and waiting, watching the counters spin,
watching the graph, waiting for the settling down and
computing the rate of rise of reaction from the indicators.

At 2:50 the control rod came out another foot. The count-
ers nearly jammed, the pen headed off the graph paper.
But this was not it. Counting ratios and the graph scale had
to be changed.

“Move it six inches,” said Fermi at 3:20. Again the
change —but again the leveling off. Five minutes later,
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Fermi called: “Pull it out another foot.”

Weil withdrew the rod.

“This is going to do it,” Fermi said to Compton, standing
at his side. “Now it will become self-sustaining. The trace
will climb and continue to climb. It will not level off.”

Fermi computed the rate of rise of the neutron counts
over a minute period. He silently, grim-faced, ran through
some calculations on his slide rule.

First pile scientists at the University of Chicago on December 2,
1946, the fifth annivevsary of their success. Back vow, left to
vight, Novman Hilbevry, Samuel Allison, Thomas Bvill, Robert G,
Nobles, Warven Nyev, and Mavrvin Wilkening. Middle vow, Harold
Agnew, William Sturm, Havold Lichtenbevgev, Leona W. Mavshall,
and Leo Szilavd. Front vow, Envico Fevmi, Waltev H. Zinn, Albert
Wattenberg, and Hevbert L. Andevson.
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In about a minute he again computed the rate of rise. If
the rate was constant and remained so, he would know the
reaction was self-sustaining. His fingers operated the slide
rule with lightning speed. Characteristically, he turned the
rule over and jotted down some figures on its ivory back.

Three minutes later he again computed the rate of rise
in neutron count. The group on the balcony had by now
crowded in to get an eye on the instruments, those behind
craning their necks to be sure they would know the very
instant history was made. In the background could be heard
William Overbeck calling out the neutron count over an
annunciator system. Leona Marshall (the only girl present),
Anderson, and William Sturm were recording the readings
from the instruments. By this time the click of the counters
was too fast for the human ear. The clickety-click was
now a steady brrrrr. Fermi, unmoved, unruffled, continued
his computations.

The Curve is Exponential

“I couldn’t see the instruments,” said Weil. “I had to
watch Fermi every second, waiting for orders. His face
was motionless. His eyes darted from one dial to another.
His expression was so calm it was hard. But suddenly, his
whole face broke into a broad smile.”

Fermi closed his slide rule —

“The reaction is self-sustaining,” he announced quietly,
happily. “The curve is exponential.”

The group tensely watched for twenty-eight minutes
while the world’s first nuclear chain reactor operated.

The upward movement of the pen was leaving a straight
line. There was no change to indicate a leveling off. This
was it.

“0.K., ‘Zip’ in,” called Fermi to Zinn who controlled
that rod. The time was 3:53 p.m. Abruptly, the counters
slowed down, the pen slid down across the paper. It was all
over.

Man had initiated a self-sustaining nuclear reaction—and
then stopped it. He had released the energy of the atom’s
nucleus and controlled that energy.
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DEC. 2 1942 START-UP
OF

FIRST SELF-SUSTAINING CHAIN REACTION
NEUTRON INTENSITY IN THE PILE AS RECORDED BY A GALVANOMETER
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The ‘“‘birth certificate’” of the Atomic Age. This gvaph indicates
the neutvon intensity as vecovded by a galvanomeler duving vavi-

ous stages of the opevation of the fivst pile.

Right after Fermi ordered the reaction stopped, the
Hungarian-born theoretical physicist Eugene Wigner pre-
sented him with a bottle of Chianti wine. All through the
experiment Wigner had kept this wine hidden behind his

back.

Fermi uncorked the wine bottle
and sent out for paper cups so all
could drink. He poured a little
wine in all the cups, and silently,
solemnly, without toasts, the sci-
entists raised the cups to their
lips—the Canadian Zinn, the Hun-
garians Szilard and Wigner, the
Italian Fermi, the Americans
Compton, Anderson, Hilberry, and
a score of others. They drank to
success—and to the hope they
were the first to succeed.

A small crew was left to

Eugene P. Wigner
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straighten up, lock controls, and check all apparatus. As
the group filed from the West Stands, one of the guards
asked Zinn:
“What’s going on, Doctor, something happen in there?”
The guard did not hear the message which Arthur Comp-
ton was giving James B. Conant at Harvard, by long-
distance telephone. Their code was not prearranged.

The Chianti bottle that Eugene Wigner brought to celebrate the
first self-sustaining chain veaction. Many of the scientists auto-
graphed the basket. Fermi's signatuve is just below the label.

“The Italian navigator has landed in the New World,”
said Compton.

“How were the natives?” asked Conant.

“Very friendly.”
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List of Those Present At
CHICAGO PILE EXPERIMENT
December 2, 1942

H. M. Agnew G. Miller

S. K. Allison G. Monk, Jr.
H. L. Anderson R. G. Nobles
W. Arnold W. E. Nyer

H. M. Barton W. P. Overbeck
T. Brill H. J. Parsons
R. F. Christy G. S. Pawlicki
A. H. Compton L. Sayvetz
Enrico Fermi 1.. Seren

R. J. Fox L. A. Slotin

S. A. Fox F. H. Spedding
D. K. Froman W. J. Sturm
A. C. Graves Leo Szilard
C. H. Greenewalt A. Wattenberg
N. Hilberry R. J. Watts

D. L. Hill G. L. Weil

W. H. Hinch E. P. Wigner
W. R. Kanne M. Wilkening
P. G. Koontz V. C. Wilson
H. E. Kubitschek Miss L. Woods
H. V. Lichtenberger W. H. Zinn

The ‘‘Council Trvee’’ beneath

which scientists held a highly
secrel discussion in Apvil 1942
that was vital to the success of
the firvst pile. It stands in front
of Eckhart Hall on the University
of Chicago campus. The meeting
was held outdoors so the scien-
tists could talk freely without
being overheavd.
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Corbin Allardice Edward R. Trapnell

These two men wrote The First Pile in 1946 while they
were engaged in public information duties for the Manhattan
Project, the military agency that was succeeded January 1,
1947, by the Atomic Energy Commission. Mr. Allardice
was then on the Manhattan Project Staff, and Mr. Trapnell
was civilian public relations adviser to the commander.

Later Mr. Allardice served in the AEC Public Informa-
tion Service in Washington, and as Information Director and
Special Assistant to the Manager, New York Operations
Office of the AEC. Thereafter he was successively Execu-
tive Director of the Joint Congressional Committee on
Atomic Energy, adviser onnuclear power to the International
Bank for Reconstruction and Development, a member of the
project steering committee for the Garogliano Nuclear
Power Station in Italy, and Assistant Director of Marketing
for the World Bank in New York. Although totally disabled
by illness, he now works as a writer, and is preparing a
book about the Atomic Energy Commission, with Mr. Trap-
nell again as his coauthor.

Mr. Trapnell served as Associate Director of the AEC
Public and Technical Information Service for 5 years, then
served as Special Assistant to the AEC General Manager,
with responsibilities for Congressional relations. There-
after he was with the International Atomic Energy Agency
in Vienna for 2 years, and Special Assistant for Public
Affairs to the Secretary of the Air Force for 3 years. He
now is a consultant on resource development in Washington,
primarily concerned with promotion of the NAWAPA concept
for continental water resource development.
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Authors’ Note

This story was written in the fall of 1946 because no-
where in the extensive records of the Plutonium Project
was there a narrative history of the first self-sustaining
nuclear chain reaction. Prepared for a press release by
the Manhattan Engineer District, in other words for jour-
nalistic, not scientific, purposes, the report includes back-
ground material which is properly a part of a report on a
very important experiment.

It occurred to us that the story of the experiment which
was successfully completed on December 2nd, 1942, was
of such significance that it should be written down while
still relatively fresh in the minds of those who took part.
What we have written was constructed from the personal
recollections of more than a dozen of the 42 scientists
present in the Stagg Field squash court on December 2nd.
Another valuable source of information was the tape on
which was traced the neutron intensity within the first pile.

The appended list of those present was obtained from the
label of a bottle in which Dr. E. P. Wigner had brought
Chianti wine to toast the experiment’s success. Most of
those present had signed the wine-bottle’s label and given
it to Dr. A. Wattenberg as a memento. This was the only
written record of who had taken part in the experiment.
Each of the scientists listed on the bottle was asked if he
recalled any others who might have been present, and the
resulting list of 42 names was accepted as complete.

The two drawings of the first pile were executed by
Melvin A. Miller of the Argonne National Laboratory staff
in the fall of 1946. They are based on descriptions given
Mr. Miller by the men who built the first “pile.”

We wish to thank Drs. H. L. Anderson, A. H. Compton,
E. Fermi, N. Hilberry, H. V. Lichtenberger, L. W. Mar-
shall, R. G. Nobles, W. J. Sturm, A. Wattenberg and W. H.
Zinn for their assistance.

That what we have written is a worthwhile story of
December 2nd, is due to them; the inaccuracies or omis-
sions are ours.

Corbin Allardice
November 17, 1949 Edward R. Trapnell
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FERMI'S OWN STORY ™

By Enrico Fermi

It is ten years since man first achieved a self-sustaining
atomic reaction.

Many people link this event only with the development of
the atomic bomb and the subsequent efforts to develop the
hydrogen bomb, reference to which has been made in the
last few days by the Atomic Energy Commission.

The history of the first self-sustaining nuclear chain
reaction, like that of all scientific achievements, begins
with man’s first philosophical speculations about the nature
of the universe. Its ultimate consequences are still un-
predictable.

The sequence of discoveries leading to the atomic chain
reaction was part of the search of science for a fuller
explanation of nature and the world around us. No one had
any idea or intent in the beginning of contributing to a major
industrial or military development.

A partial list of the main stepping-stones tothis develop-
ment indicates many countries contributed to it.

The story begins in Paris in 1896
when Antoine Henri Becquerel dis-
covered the existence of radioactive
elements; that is, elements which
spontaneously emit invisible, pene-
trating rays. Two years later, also
in Paris, Pierre and Marie Curie
discovered radium, for many years
the best known of the radioactive
E elements.

B Secguarel In Zurich, Switzerland, in 1905,
Albert Einstein announced his belief that mass was equiva-
lent to energy. This led to speculation that one could be
transformed into the other.

*Written by Dr. Fermi and published in the Chicago Sun-Times,
November 23, 1952, in observance of the tenth anniversary of
Fermi’s successful ‘‘First Pile’” experiment. Copyright by the
Chicago Sun-Times. Reprinted by permission.
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A most important discovery came
in 1912 when Ernest Rutherford dis-
covered the minute but heavy nu-
cleus which forms the core of the
atom. In ordinary elements this core
is stable; in radioactive elements it
is unstable.

Shortly after World War I, the
same Rutherford achieved for the
first time the artificial disintegra-
tion of the nucleus at the center of
the nitrogen atom.

During the next decade, research progressed steadily,
if unspectacularly. Then, in 1932, came a series of three
discoveries by scientists working in three different coun-
tries which led to the next great advance.

Walter Bothe in Germany, and Frederic Joliot-Curie in
Paris prepared the groundwork that led James Chadwick
of England to the discovery of the neutron. The neutron is
an electrically neutral building block of the nuclear struc-
ture. The other building block is the positively charged
proton.

The next step was taken in Rome in 1934. In experiments
in which I was concerned it was shown that these neutrons
could disintegrate many atoms, including those of uranium.
This discovery was to be directly applied in the first
atomic chain reaction eight years later.

Evnest Ruthevtord

The Discovery of Fission

The final stepping-stone was put in place in Berlin when
Otto Hahn, working with Fritz Strassman, discovered fis-
sion or splitting of the uranium atom. When Hahn achieved
fission, it occurred to many scientists that this fact opened
the possibility of a form of nuclear (atomic) energy.

The year was 1939. A world war was about to start. The
new possibilities appeared likely to be important, not only
for peace but also for war.

A group of physicists in the United States —including
Leo Szilard, Walter Zinn, now director of Argonne National
Laboratory, Herbert Anderson, and myself—agreed pri-
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vately to delay further publications of findings in this field.

We were afraid these findings might help the Nazis. Our
action, of course, represented a break with scientific tra-
dition and was not taken lightly. Subsequently, when the
government became interested in the atom bomb project,
secrecy became compulsory.

Here it may be well to define what is meant by the
“chain reaction” which was to constitute our next objective
in the search for a method of utilizing atomic energy.

An atomic chain reaction may be compared tothe burning
of a rubbish pile from spontaneous combustion. In such a
fire, minute parts of the pile start toburn and in turn ignite
other tiny fragments. When sufficient numbers of these
fractional parts are heated to the kindling points, the entire
heap bursts into flames.

A similar process takes place in an atomic pile such as
was constructed under the West Stands of Stagg Field at
the University of Chicago in 1942.

The pile itself was constructed of uranium, a material
that is embedded in a matrix of graphite. With sufficient
uranium in the pile, the few neutrons emitted in a single
fission that may accidentally occur strike neighboring
atoms, which in turn undergo fission and produce more
neutrons.

These bombard other atoms and so on at an increasing
rate until the atomic “fire” is going full blast.

The atomic pile is controlled and prevented from burning
itself to complete destruction by cadmium rods which
absorb neutrons and stop the bombardment process. The
same effect might be achieved by running a pipe of cold
water through a rubbish heap; by keeping the temperature
low the pipe would prevent the spontaneous burning.

The first atomic chain reaction experiment was designed
to proceed at a slow rate. In this sense it differed from the
atomic bomb, which was designed to proceed at as fasta
rate as was possible. Otherwise, the basic process is
similar to that of the atomic bomb.

The atomic chain reaction was the result of hard work by
many hands and many heads. Arthur H. Compton, Walter
Zinn, Herbert Anderson, Leo Szilard, Eugene Wigner and
many others worked directly on the problems at the Uni-
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Patent No. 2,708,656 was issued on May 18, 1955 to Envico Fermi
and Leo Szilard. The invention it covers includes the first nuclear
reactor, Chicago Pile No. 1 (CP-1). Although the patent was ap-
plied for in December 1944, il could not be issued until years later
when all the secrel information it contained was made public. This
drawing was in the patent application.

versity of Chicago. Very many experiments and calcula-
tions had to be performed. Finally a plan was decided upon. .

Thirty “piles” of less than the size necessary to estab-
lish a chain reaction were built and tested. Then the plans
were made for the final test of a full-sized pile.

The scene of this test at the University of Chicago would
have been confusing to an outsider—if he could have
eluded the security guards and gained admittance.

He would have seen only what appeared to be a crude
pile of black bricks and wooden timbers. All but one side
of the pile was obscured by a balloon cloth envelope.

As the pile grew toward its final shape during the days
of preparation, the measurement performed many times a
day indicated everything was going, if anything, a little bit
better than predicted by calculations.
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The Gathering on the Balcony

Finally the day came when we were ready to run the
experiment. We gathered on a balcony about 10 feet above
the floor of the large room in which the structure had
been erected.

Beneath us was a young scientist, George Weil, whose
duty it was to handle the last control rod that was holding
the reaction in check.

Every precaution had been taken against an accident.
There were three sets of control rods in the pile. One set
was automatic. Another consisted of a heavily weighted
emergency safety held by a rope. Walter Zinn was holding
the rope ready to release it at the least sign of trouble.

The last rod left in the pile, which acted as starter,
accelerator and brake for the reaction, was the one han-
dled by Weil.

Since the experiment had never been tried before, a
“liquid control squad” stood ready to flood the pile with
cadmium salt solution in case the control rods failed.
Before we began, we rehearsed the safety precautions
carefully.

Finally, it was time to remove the control rods. Slowly
Weil started to withdraw the main control rod. On the
balcony, we watched the indicators which measured the
neutron count and told us how rapidly the disintegration of
the uranium atoms under their neutron bombardment was
proceeding.

At 11:35 a.m., the counters were clicking rapidly. Then,
with a loud clap, the automatic control rods slammed home.
The safety point had been set too low.

It seemed a good time to eat lunch.

During lunch everyone was thinking about the experiment
but nobody talked much about it.

At 2:30 Weil pulled out the control rod in a series of
measured adjustments.

Shortly after, the intensity shown by the indicators began
to rise at a slow but ever-increasing rate. At this moment
we knew that the self-sustaining reaction was under way.

The event was not spectacular, no fuses burned, no lights
flashed. But to us it meant that release of atomic energy on
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a large scale would be only a matter of time.

The further development of atomic energy during the next
three years of the war was, of course, focused on the main
objective of producing an effective weapon.

At the same time we all hoped that with the end of the
war emphasis would be shifted decidedly from the weapon
to the peaceful aspects of atomic energy.

We hoped that perhaps the building of power plants, pro-
duction of radioactive elements for science and medicine
would become the paramount objectives.

Unfortunately, the end of the war did not bring brotherly
love among nations. The fabrication of weapons still is and
must be the primary concern of the Atomic Energy Com-
mission.

Secrecy that we thought was an unwelcome necessity of
the war still appears to be an unwelcome necessity. The
peaceful objectives must come second, although very con-
siderable progress has been made also along those lines.

The problems posed by this world situation are not for
the scientist alone but for all people to resolve. Perhaps
a time will come when all scientific and technical progress
will be hailed for the advantages that it may bring to man,
and never feared on account of its destructive possibilities.
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OF SECRECY AND THE PILE"

By Laura Fermi

The period of great secrecy in our life started when we
moved to Chicago. Enrico walked to work every morning.
Not to the physics building, nor simply to the “lab,” but to
the “Met. Lab.,” the Metallurgical Laboratory. Everything
was top secret there. I was told one single secret: there
were no metallurgists at the Metallurgical Laboratory.
Even this piece of information was not to be divulged. As a
matter of fact, the less I talked, the better; the fewer
people I saw outside the group working at the Met. Lab.,
the wiser I would be.

In the fall Mr. and Mrs. Arthur H. Compton—1I was to
learn later that he was in charge of the Metallurgical
Project—gave a series of parties for newcomers at the
Metallurgical Laboratory. Newcomers were by then so
numerous that not even in Ida Noyes Hall, the students’
recreation hall, was there a room large enough to seat
them all at once; so they were invited in shifts. At each of
these parties the English film Nexf of Kin was shown. It
depicted in dark tones the consequences of negligence and
carelessness. A briefcase laid down on the floor in a public
place is stolen by a spy. English military plans become
known to the enemy. Bombardments, destruction of civilian
homes, and an unnecessary high toll of lives on the fighting
front are the result.

After the film there was no need for words.

Willingly we accepted the hint and confined our social ac-
tivities to the group of “metallurgists.” Its always expand-
ing size provided ample possibilities of choice; besides,
most of them were congenial, as was to be expected, for
they were scientists.

The nonworking wives wished, quite understandably, to
do something for the war effort. One of the possible activi-
ties along this line was to help entertain the armed forces
at the USO. I preferred to sew for the Red Cross or to work

*From Atoms in the Family, Laura Fermi, University of Chicago
Press, Chicago, Illinois, 1954. Copyright by the University of Chi-
cago Press. Reprinted by permission.
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Lauva and Envico Fevini

as a volunteer in the hospital of the university, and to save
my social capacities for the people at the Met. Lab., who
had not the benefit of the USO.

The Fermis’ Party

Thus early in December, 1942, I gave a large party for
the metallurgists who worked with Enrico and for their
wives. As the first bell rang shortly after eight in the
evening, Enrico went to open the door, and I kept a few
steps behind him in the hall. Walter Zinn and his wife Jean
walked in, bringing along the icy-cold air that clung to their
clothes. Their teeth chattered. They shook the snow from
their shoulders and stamped their feet heavily on the floor
to reactivate the circulation in limbs made numb by the
subzero weather. Walter extended his hand to Enrico and
said:

“Congratulations. ”

“Congratulations?” I asked, puzzled, “What for?" Nobody
took any notice of me.
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Enrico was busy hanging Jean’s coat in the closet, and
both the Zinns were fumbling at their snow boots with
sluggish fingers.

“Nasty weather,” Jean said, getting up from her bent
position to put her boots in a corner. Walter again stamped
his feet noisily on the floor.

“Won’t you come into the living room?” Enrico asked.
Before we had time to sit down, the bell rang again; again
Enrico went to open the door, and amid repeated stamping
of feet and complaints about the extraordinarily cold
weather I again heard a man’s voice:

“Congratulations.”

It went on this same way until all our guests had arrived.
Every single man congratulated Enrico. He accepted the
congratulations readily, with no embarrassment or show
of modesty, with no words, but with a steady grin on his
face.

My inquiries received either no answer at all or such
evasive replies as: “Ask your husband,” or: “Nothing
special. He is a smart guy. That’s all,” or: “Don’t get
excited. You’ll find out sometime.”

I had nothing to help me guess. Enrico had mentioned
nothing worthy of notice, and nothing unusual had happened,
except, of course, the preparations for the party. And those
did not involve Enrico and provided no ground for con-
gratulating.

I had cleaned house all morning; I had polished silver.
I had picked up the electric train in Giulio’s room and the
books in Nella’s. If there is a formula to teach order to
children, I have not found it. I had run the vacuum, dusted,
and sighed. All along I was making calculations in my mind:

“Half an hour to set the table. Half an hour to spread
sandwiches. Half an hour to collect juices for the punch... .
I must remember to make tea for my punch soon, so that it
will have time to cool.... And if people start coming by
eight, we’ll have to start dressing by seven-thirty, and
eating dinner by....” So I had calculated my afternoon
schedule backward from the time the company would arrive
up to when I should set myself to work.
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A Homemaker's Schedule

My schedule was upset, as schedules will be. While I was
baking cookies in the kitchen, the house had gone surpris-
ingly quiet, too quiet to contain Giulio and his two girl
friends who had come to play. Where were they? Into what
sort of mischief had they got themselves? I found them on
the third-floor porch. The three angelic-looking little
children were mixing snow with the soil in the flower pots
and throwing balls at our neighbor’s recently washed
windows. Precious time was spent in scolding and punish-
ing, in seeing what could be done to placate our neighbor.

So at dinner time Enrico found me hurrying through the
last preparations, absorbed in my task and even less than
usually inclined to ask questions of him. We rushed through
dinner, and then I realized we had no cigarettes. It was not
unusual: we don’t smoke, and I always forget to buy them.

“Enrico, wouldn’t you run to the drugstore for ciga-
rettes?” I asked. The answer was what I expected, what it
had been on other such occasions:

“I don’t know how to buy them.”

“We can’t do without cigarettes for our guests,” Iin-
sisted, as I always did; “it isn’t done.”

“We’ll set the habit, then. Besides, the less our company
smokes, the better. Not so much foul smell in the house
tomorrow.”

This little act was almost a ritual performed before each
party. There was nothing unusual in it, nor in Enrico’s
behavior. Then why the congratulations?

I went up to Leona Woods,
a tall young girl built like an
athlete, who could do a man’s
job and do it well. She was
the only woman physicist in
Enrico’s group. At that time
her mother, who was also
endowed with inexhaustible
energy, was running a small
farm near Chicago almost by
herself. To relieve Mrs.
Leona Woods Woods of some work, Leona
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divided her time and her allegiance between atoms and
potatoes. Because I refused either to smash atoms or to
dig potatoes, she looked down on me. I had been at the
Woods’s farm, however, and had helped with pickingapples.
Leona, I thought, owed me some friendliness.

“Leona, be kind. Tell me what Enrico did to earn these
congratulations.”

Sinking an Admiral

Leona bent her head, covered with short, deep-black
hair, toward me, and from her lips came a whisper:

“He has sunk a Japanese admiral.”

“You are making fun of me,” I protested.

But Herbert Anderson came
to join forces with Leona.
Herbert, the boy who hadbeen
a graduate student at Colum-
bia University when we ar-
rived in the United States,
had taken his Ph. D. work with
Enrico and was still working
with him. He had come to
Chicago a few months before
I did.

“Do you think anything is
impossible for Enrico?” he
asked me with an earnest, almost chiding, face.

No matter how firmly the logical part of my mind did
disbelieve, there still was another, way back, almost in the
subconscious, that was fighting for acceptance of Leona’s
and Herbert’s words. Herbert was Enrico’s mentor. Leona,
who was young enough to have submitted to intelligence
tests in her recent school days, was said to have a spec-
tacular 1.Q. They should know. To sink a ship in the Pacific
from Chicago ... perhaps power rays were discovered... .

When a struggle between two parts of one’s mind is not
promptly resolved with clear outcome, doubt results. My
doubt was to last a long time.

That evening no more was said about admirals. The party
proceeded as most parties do, with a great deal of small

Hevrbert L. Andevson
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talk around the punch bowl in the dining room; with com-
ments on the war in the living room; with games of ping-
pong and shuffleboard on the third floor, because Enrico
has always enjoyed playing games, and most of our guests
were young.

In the days that followed I made vain efforts to clear my
doubts.

“Enrico, did you really sink a Japanese admiral?”

“Did I?” Enrico would answer with a candid expression.

“So you did not sink a Japanese admiral!”

“Didn’t I?” His expression would not change.

Two years and a half elapsed. One evening, shortly after
the end of the war in Japan, Enrico brought home a mimeo-
graphed, paperbound volume.

“It may interest you to see the Smyth Report,”* he said.
“It contains all declassified information on atomic energy.
It was just released for publication, and this is an advance
copy.”

It was not easy reading. I struggled with its technical
language and its difficult content until slowly, painfully, I
worked my way through it. When I reached the middle of
the book, I found the reason for the congratulations Enrico
had received at our party. On the afternoon of that day,
December 2, 1942, the first chain reaction was achieved
and the first atomic pile operated successfully, under
Enrico’s direction. Young Leona Woods had considered this
feat equivalent to the sinking of an admiral’s ship with the
admiral inside. The atomic bomb still lay in the womb of
the future, and Leona could not foresee Hiroshima.

*This classic document, A Geneval Account of the Development
of Methods of Using Atomic Enevgy for Military Puvposes, written
by Henry D. Smyth, who directed research at the Metallurgical
Laboratory, was released by the War Department on August 12,
1945. (It later was published, with a shorter title, by Princeton
University Press. See Suggested References.)
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The first pile was disassem-
bled early in 1943 and rebuilt
with cevtain refinements and
modifications near the present
site of the Avgonne National
Labovratory. It was vrenamed
Chicago Pile No. 2 (CP-2)

Unveiling of the plaque on
the West Stands on the oc- 3 \'

casion of the fifth anniver- S "W""‘
sary, D;’ ce ))[bc y 2, 1947, i 0 E M
Left to right ave AEC Com-
missionevs William W. Way-
mack and Robert F. Bacher,
Farvington Daniels, Walter
H. Zinn, Envico Fermi, and
R. M. Hutchins, Chancellor
of the Universilty of Chicago.
(The West Stands wevre de-
molished in 1957, but the
plaque remains at the site.)

THEWORLD'S FIRST NUCLEAR REACTOR LT L
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THE e D e 8 1956 Lhe uranium,
P B craphice, and heavy
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¥4 rveaclorvs were ve-

moved and the ve-
maining shells buv-
ied beneath this

markevr.
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This booklet is one of the ‘‘Understanding the Atom’
Series. Comments are invited on this booklet and others
in the series; please send them to the Division of Technical
Information, U. S. Atomic Energy Commission, Washington,
D. C. 20545,

Published as part of the AEC’s educational assistance

program, the series includes these titles:

Accelerators

Animals in Atomic Research
Atomic Fuel

Atomic Power Safety

Atoms al the Science Faiv
Atoms in Agriculture

Atoms, Nature, and Man
Careers in Alomic Energy
Computers

Controlled Nucleay Fusion
Cryogenics, The Uncommon Cold
Divect Conversion of Enevgy
Fallout From Nuclear Tesls
Food Presevvation by Irradiation
Genetic Effects of Radiation
Microstructuve of Matter
Neutron Activation Analysis
Nondestructive Testing

Nuclear Clocks

Nuclear Enevgy for Desalting

Nuclear Propulsion for Space
Nuclear Reactors

Nuclear Terms, A Brief Glossary
Our Atomic World

Plowshare

Plutonium

Power from Radioisotopes

Power Reactors in Small Packages
Radioactive Wastes
Radioisotopes and Life Processes
Radioisotopes in Industry
Radioisotopes in Medicine

Rare Earths

Research Reactlors

SNAP, Nuclear Space Reactors
Sources of Nuclear Fuel

Synthetic Transuranium Elements
The Atom and the Ocean

The Chemistry of the Noble Gases
Whole Body Counters

Nuclear Power and Mevchant Shipping
Nuclear Power Plants

Your Body and Radialion

A single copyof any one booklet, or of no more than three
different booklets, may be obtained free by writing to:

USAEC, P. 0. BOX 62, OAK RIDGE, TENNESSEE 37830

Complete sets of the series are available to school and
public librarians, and to teachers who can make them
available for reference or for use by groups. Requests
should be made on school or library letterheads and indi-
cate the proposed use.

Students and teachers who need other material on spe-
cific aspects of nuclear science, or references to other
reading material, may also write to the Oak Ridge address.
Requests should state the topic of interest exuctly, and the
use intended.

In all requests, include ““Zip Code’’ in return address.

Printed in the United States of America

USAEC Diyision of Technical Information Extension, Oak Ridge, Tennessee

November 1967






You are cordially invited to attend a special dinner
in observance of
THE TWENTY-FIFTH ANNIVERSARY
OF THE FIRST NUCLEAR CHAIN REACTION
on Saturday, December 2, 1967
The University of Chicago -+ Hutchinson Commons

s7th Street and South University Avenue

Reception / 5:30 P.M.

Dinner / 6:30 p.M. The favor of a reply is requested

The premiére of a 30-minute motion picture, ““The Day Tomorrow
Began,” will take place at 8:30 p.m. in Mandel Hall,
adjacent to Hutchinson Commons



You are cordially invited to view

CHICAGO’S HOMAGE TO HENRY MOORE

An exhibition of his sculpture and drawings, presented by the
Renaissance Society at The University of Chicago and
the Committee for the 25th Anniversary
Observance of the First Nuclear Chain Reaction, on the occasion
of the unveiling of Mr. Moore’s sculpture,

“Nuclear Energy.”

PREVIEW NOVEMBER 30, 1967, 3:00 P.M. TO 5:00 P.M.

Exhibition may be viewed Monday through Saturday,
9:00 A.M. to 5:00 P.M., December 1 through December 22,
at the School of Social Service Administration Building,
969 East 60th Street, Chicago, Illinois.




THE BOARD OF TRUSTEES
of

THE UNIVERSITY OF CHICAGO

Requests the honor of your presence

at the unveiling ceremonies for

“NUCLEAR ENERGY”

A specially commissioned work of sculpture

by HENRY MOORE

In observance of the

25th Anniversary of the First Nuclear Chain Reaction

On Saturday, December 2, 1967
Unveiling Ceremony / 3:00 p.m. / 5635 South Ellis Avenue

Henry Moore Exhibition
4:00 p.m. / High Energy Physics Building, 933 East 56th Street






The University of Chicago Campus and Midway ! The University of Chicago . Conference rooms and Guest rooms are designed Private and public dining rooms, cafeteria and convenient to all transportation.
Center for Continuing Education | to provide maximum Guest comfort. ! cocktail lounge available to Guests. near the center of the city of Chicago
For Residential Conferences ! {

i i at the edge of Lake Michigan
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The air-conditioned Center for Continuing
Education has 118 guest rooms, each with
twin beds and private bath. Meals may be
eaten in the Center’s cafeteria or in its
elegant dining room. Private dining facilities
are available for group meals. Off street
parking is available behind the Center.

Ten conference rooms and an auditorium
provide space for groups ranging in size from
20 to 400. Complete audio-visual services

can satisfy all taping, transcription and
projection needs. Printing and mailing services
and duplicating machines are also available
to all conference groups.

A library has standard reference works
for use by all conferees.

Staff members of the Center for Continuing
Education are available to assist in every
phase of a conference. These coordinators
are trained to advise in planning, budget
preparation, instructional aids, publications,
and post-conference evaluation. They will also
handle the physical arrangements of a
conference.

Amid the Neo-Gothic architecture which

dominates the campus, the Center for

Continuing Education strikes a modern but

harmonious note. It is the only Chicago work of

the famous American architect,

Edward Durrell Stone.

The conference center provides a setting

for the University of Chicago to:

translate basic research findings into practical
programs of national and international
importance.

inform the nation’s leaders and policy
makers of the relevance of University
research and teaching to national needs
and problems.

initiate programs of instruction for practicing
specialists in a wide variety of areas, and

train graduate students in continuing
education and increase knowledge of the
processes by which such programs can be
made more effective.

A symbolic “Red Carpet for New Ideas” has
always been unrolled at The University of
Chicago. The University itself was a new idea
when it opened its doors in 1892. Set in the
midst of the nation’s second largest

metropolitan area, the University has maintained
an ideal academic atmosphere. Work on the
125-acre campus does not turn in onto itself:

it is oriented to the world beyond it’s
boundaries and the world has come to expect a
constant flow of new ideas from its classrooms,
offices, laboratories, and libraries. ldeas on

the campus serve as a catalyst not only for those
who pursue knowledge for it's own sake,

but also for those whose interests range to the
pragmatic and practical in the various

levels of our complex modern society.

Now, in one location on the campus of the
University, an actual red carpet exists—covering
approximately 90,000 square feet. This

inviting red carpet covers the floors of the
University’s newest meeting place for ideas—
the Center for Continuing Education.



THE UNIVERSITY OF CHICAGO

CENTER FOR CONTINUING EDUCATION
1307 East 60th Street

CHICAGO, ILLINOIS 60637

BUftterfield 8-2500 — Area Code 312
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[ [ e welcome you to the Center for
the Universit)/ cyr Chicago’s program

of conferences and special courses.

These facts may be of interest to you:

Cafeteria: Open Monday through Friday

7:30A.M.-4:00p.M. Breakfast till 9:00 A.M.
7:30 to 11:00 p.m. Saturday and Sunday

Dining Rooms: Open 11:30 A.M.-2:00 P.M. and
5:30 p.M.-8:00 .M. every day.

Cocktail Lounge: Opens 11:30 A.M. daily and
12 noon on Sundays

You will help the staff to expedite service if you
wear your badge at all times. In conformity with
University practice, guests customarily wear
coats and ties in the dining rooms. Coats man-
datory after 5:30 p.M.

Checkout time is 3:00 p.M. If you wish to check
your luggage beyond this time there are lockers
adjacent to the public telephones on the first
floor.

Valet Service: Laundry and dry cleaning taken
to the front desk before 9:00 A.M. will be re-
turned next morning. There is no delivery on
Sundays.

Library: Standard reference works may be
found in the library on the second floor.

Conference Lounge: When not in use by a group
meeting, visitors may view television in this
room on the second floor across from the li-
brary. There is another TV set in the 3d Floor
N.W. Corridor.

News stand: As well as newspapers, periodicals
and books, you may buy cigarettes and a selec-
tion of personal items—combs, razor blades,
playing cards, aspirin, etc. The nearest Drug
Store is at 57th Street and Kenwood Avenue,
three short blocks to the north of the building’s
front entrance. The nearest Barber Shop is in
the International House, across the Midway
Plaisance and one block east. Arrange appoint-
ments by calling FA 4-8200.

The Hotel Desk will be pleased to provide trans-
portation assistance, maps and information
about the campus. The staff will be glad to keep
your valuables; otherwise we cannot be re-
sponsible for their safety.

Transport, Parking, etc.: Chicago transit maps
are available free at the hotel desk. There is
parking for cars behind the building.

Telephones: The switchboard (BUtterfield 8-
2500) operates 24 hours a day. There are public
telephones in the lobbies leading to the car
park.

No deliveries from package liquor stores will be
accepted by the Center or its staff. No pets al-
lowed.

Your Room has been furnished with a radio set.
The Chicago frequencies of the more important
broadcasters are:

ABC 890
CBS 780
NBC 670
WGN 720

The temperature controls of your room are at
the window. Push down the back of the plates
to open. The one on the right sets the tempera-
ture, the one on the left controls the speed of
the fan. In warm weather the fan should be
kept at Medium or High. Your air will be better
and cleaner if you keep the windows closed at
all times.

The Games Room downstairs (Room 15) pro-
vides facilities for chess, bridge, etc. An athletic
privilege card for swimming, etc., may be had
free on application to Bartlett Gymnasium.
See campus map, available at Hotel Desk.

You will find in the campus map information
about the famous Oriental Institute Museum.

You may also like to visit the Museum of Sci-
ence and Industry at E. 57th Street and South
Shore Drive, which has many fascinating ex-
hibits. Admission to both museums is free.

Tours of the city can be arranged by the Emery-
Drexel Limousine Co. (663-1220). Charges are
$4.50 per hour. They are also available for
ordinary taxi service to the Loop and trans-
portation points.



Detail from figure 7: A Negro boy Jimmy’s age by Ruby at age 6"’

From Children In Crisis by Dr. Robert Coles. Little Brown and Company,
Boston, 1967.



THE CHICAGO INSTITUTE FOR
EARLY CHILDHOOD EDUCATION

The Chicago Institute for Early Childhood Education is a
professional training institute for teachers and administrators
for nursery schools, kindergarten, and day care centers.

It was established in response tc one of the major concerns of
the nation, its culturally deprived children.

Government and private institutions have initiated a nationwide
effort to reach these children, and to provide them with those
early skills which are the foundation for primary education.
A severe limitation of this effort, however, is the shortage of
trained nursery school teachers. The purpose of CIECE is to
provide for teachers and supervisors in this field; to train them
well enough so that they in turn may teach others.

CIECE is the first privately endowed institution which prepares
women exclusively for pre-kindergarten teaching.

DR. ROBERT COLES

Dr. Robert Coles is Research Psychiatrist of Harvard University
Health Service. He has served on the staffs of Massachusetts
General Hospital, McLean Hospital and the Children’s Hospital
of Boston.

An active participant in the civil rights movement, he brings to
it the expert knowledge of the social psychiatrist. It was in
this role that he appeared on the National Education Television
program, “‘The Way It Is,” His articulate and perceptive analysis
of that remarkable film received great critical acclaim.

He is the author of the recently published book “Children in
Crisis,” a detailed and fascinating study of the children, black
and white, involved in the desegregation of Southern schools.
He has written widely for many publications, including the
Atlantic, Harpers, New Yorker, Saturday Review and The New
Repubilic.



THE TRUSTEES OF
THE CHICAGO INSTITUTE FOR EARLY CHILDHOOD EDUCATION
EXTEND A CORDIAL INVITATION TO A LUNCHEON MEETING
WEDNESDAY, DECEMBER 6TH AT 12 NOON IN THE MAYFAIR ROOM
SHERATON BLACKSTONE HOTEL
SPEAKER: DR. ROBERT COLES, RESEARCH PSYCHIATRIST
HARVARD UNIVERSITY HEALTH SERVICE
YOUNG CHILDREN IN CRISIS

Reservations at $5.50 must be made in advance. Remittance card enclosed.



BOARD OF TRUSTEES

Irving B. Harris, President
Mrs. Abraham W. Brussell
Paul Fromm

Mrs. Ben W. Heineman
Mrs. Percy Julian

Donald A. Mackay

Dr. Helen V. McLean
Newton N. Minow

Don P. Nathanson

STAFF & FACULTY

Lorraine Wallach, Director
Maria Piers, Ph.D., Dean
Barbara Bowman
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ADVISORY COUNCIL

Fay Bauling, Welfare Council of Metropolitan Chicago

Anne Benjamin, M.D., Chicago Institute for Psychoanalysis

Benjamin S. Bloom, University of Chicago

Donald Brieland, University of Chicago

Cornelia Goldsmith, National Association for the Education
of Young Children

Robert D. Hess, University of Chicago

Jane G. Judge, Sarah Lawrence College

Robert A. LeVine, University of Chicago

Ethel Macintyre, National College of Education

Peter B. Neubauer, M.D., Child Development Center, New York

Helen H. Perlman, University of Chicago

Emma N. Plank, Western Reserve University

Frederick Redlich, Yale University

Esther Schour, Chicago Institute for Psychoanalysis

Albert J. Solnit, M.D., Yale University

Rene A. Spitz, M.D., University of Geneva

Bernard Spodek, University of Illinois

John W. Taylor, Chicago Educational Television Association

Harold M. Visotsky, M.D., Department of Mental Health, lllinois

Charlotte B. Winsor, Bank Street College

Dr. Robert Coles, Harvard University Health Service




CAMPAIGN FOR CHICAGO

The University of Chicago is in the
midst of a major three-year cam-
paign to seek the sum of $160,000,000
for its further growth and develop-

ment.

The “Campaign for Chicago” is
the largest fund drive for a private
university over such a time span in
the history of American education.
Launched on October 20, 1965, the
Campaign so far has met with an en-
couraging response from alumni,
parents of students, and other indi-
vidual friends of the University. Pri-
vate foundations and the business
community have also made generous

contributions.

OFF-CAMPUS
FACILITIES

The Enrico Fermi Institute for Nuclear Studies (B-3), 5640
Ellis Avenue. Research is carried on in the following fields:
study of nuclei and nuclear reaction, study of meteorites, ge-
ology and cosmogony, experimental nuclear physics, elemen-
tary particle physics, cosmic-ray studies, theoretical physics,
and magnetic resonance studies of atomic and molecular struc-
ture. A 450 million electron volt synchrocyclotron is just part
of the scientific equipment used in this research.

The Laboratory for Astrophysics and Space Research (B-3),
Ingleside Avenue and 56th Street, concentrates primarily on
theoretical and experimental astrophysics. Providing facilities
for ground-based investigation and satellite experiments in
space, the Laboratory trains space-oriented scientists.

Institute for the Study of Metals (B-3), 5640 Ellis Avenue,
conducts research into the basic physics of metals and other
solids. A liquid-helium plant provides the essential facility to
carry these studies to very low temperatures.

The Institute for Computer Research (B-3), 5640 Ellis Ave-
nue, constructs and operates advanced types of high-speed
electronic computers and investigates the principles and tech-
niques of logical design.

The University of Chicago Medical Center (D-2-3), 950 East
59th Street, includes: Philip D. Armour Clinical Research
Building, Albert Merritt Billings Hospital, Bobs Roberts
Memorial Hospital, Chicago Lying-in Hospital, Chronic Dis-
ease Hospital, Nathan Goldblatt Memorial Hospital, Gold-
blatt Pavilion, Home for Destitute Crippled Children, Charles
Gilman Smith Hospital, the Silvain and Arma Wyler Chil-
dren’s Hospital, and Argonne Cancer Research Hospital
(operated for the United States Atomic Energy Commission).
Tours of the Medical Center leave the outpatient admitting
desk, Wednesdays, at 12:00 M.

Harper Memorial Library (D-4-5), 1116 East 59th Street,
and the 18 departmental libraries house over 2,500,000 vol-
umes. Harper is especially rich in works of the social sciences,
modern languages and literatures.

The Oviental Institute (D-6), 1155 East 58th Street, was
founded in 1919 by James Breasted. Its faculty has made exca-
vations in every country in the Near East. The Institute Mu-
seum houses one of the world’s most extensive collections of
Near Eastern art and archeological findings, including Dead
Sea scroll fragments, cloth scroll wrappings, and a scroll jar,
and traces man’s history back to the Stone Age. The Institute
also operates Chicago House in Luxor, Egypt. The Museum
is open Tuesdays—Sundays, 10:00 A.M.-5:00 p.M., closed Mon-

Argonne National Laboratory, Argonne, Illinois, is 26.1 miles
southwest of the Quadrangles and is operated by the Univer-
sity for the United States Atomic Energy Commission. It is
one of the world’s leading research centers on peaceful uses of
nuclear energy. The Laboratory occupies 3,700 acres and em-
ploys 1,300 scientists and engineers and 3,500 supporting per-
sonnel. Organized into 16 scientific divisions, through the
Associated Midwest Universities (AMU) with headquarters at
Argonne, it maintains academic and scientific relationships in
research with the 31-member AMU universities. Its vast range
of scientific facilities includes the $42,000,000 Zero Gradient
Synchrotron, a 12.5 billion electron volt atom smasher which
is one of the nation’s most powerful instruments. Tours may
be arranged. Phone: 739-7711.

Yerkes Observatory, 76 miles north of Chicago at Williams
Bay, Wisconsin, is devoted to research in astronomy and astro-

CAMPUS MAP

Health Information Foundation (A-4), 5555 Ellis Avenue,
collects, interprets, and distributes data related to the social
and economic (non-clinical) aspects of medical care to assist
in improving the health of the American people.

The Industrial Relations Center (F-7), in the Charles Stewart
Mott Building, 1225 East 60th Street, furnishes services used
by major corporations for research and education in industrial
relations, labor management relations, and labor economics.

The National Opinion Research Center (F-3), 6030 Ellis
Avenue, specializes in research in the social sciences and sur-
veys public attitudes and reaction in the United States.

The Computation Center (B-3), 5640 Ellis Avenue, a multi-
million dollar installation, is designed to provide the most
modern computer services to the entire faculty for a wide
variety of academic disciplines and inquiries.

The Institute for International Studies coordinates interna-
tional academic programs at the University.

In addition, there are scores of research facilities and centers
incorporated in the operations of the college, the divisions, and
the professional schools. The Center for Policy Study conducts
seminars concerned with domestic and international issues.

days and holidays. Guided tours may be arranged. Phone:
Midway 3-0800, ext. 2474.

The Laboratory Schools (D-8), 1362 East 59th Street, found-
ed by John Dewey, developed in The University of Chicago
nursery, elementary, and high schools many of the educational
advances later adopted by schools throughout the country,
and continue a vigorous program of investigation and testing.

The Sonia Shankman Orthogenic School (F-9), 1365 East
60th Street, is a coeducational residential treatment institution
devoted to the study and rehabilitation of emotionally dis-
turbed children of potentially normal or superior intelligence
and to the training of graduate students and professionals who
wish to specialize in the treatment of such children.

University Extension offers a wide variety of courses and
special programs for those who are not regular degree students
of the University. At the Downtown Center, 65 East South
Water Street, special non-credit courses for adults are offered.
On the campus, credit courses in the afternoons, evenings, and
on Saturdays are open to the public. The Extension Division
also operates the Center for Continuing Education (F-8)
which houses conferences and special residential courses. The
air-conditioned Center, designed by Edward Durell Stone,
affords an opportunity for academic and professional organi-
zations to meet in the most modern conference setting.

physics and to graduate instruction. Its principal instrument
is a 40-inch refracting telescope. Visiting hours Saturday only:
Winter (Oct. 1-May 31), lecture 10:00 A.M.—12:00 m. (CST or
DST); Summer (June 1-Sept. 30), lectures at 1:30, 2:15, 3:00
p.M. (DST). Free. Large groups must provide advance notice.
Phone: Lake Geneva, Clrcle 5-5555.

McDonald Observatory, Fort Davis, Texas, is operated
jointly by The University of Chicago and the University of
Texas, with Chicago providing the scientific staff. One out-
standing feature is McDonald’s 82-inch reflector telescope.

La Rabida-University of Chicago Institute, specializing in
children’s disease research, is affiliated with the Medical Cen-
ter. Its near-campus address is East 65th Street and South
Shore Drive. Phone: DO 3-6700.




HISTORY

The University of Chicago is a privately supported, non-
denominational, coeducational institution of higher learning
and research. It offers undergraduate, graduate, postdoctoral,
and professional study.

The University was founded by John D. Rockefeller in
1891. Classes began in 1892 with 594 students and 103 faculty
members. g

Today, students come from every state in the Union and
71 foreign countries. A total of 7,782 students enrolled on the
Quadrangle in the Autumn Quarter, 1965: 2,325 were under-
graduates, 5,208 graduates, and 248 special students. More
than 500 came from abroad.

The full-time faculty numbers 1,035. In addition, there are
about 760 research associates, lecturers, field workers, con-
sultants, visiting lecturers, and teachers in the University’s
nursery, elementary, and high schools.

The University has awarded a total of 93,502 degrees and
the Alumni Association maintains records of some 73,000
living alumni. More than 160 past and present college and
university presidents throughout the world have been students
or teachers at The University of Chicago.

Incorporated within the University are the College, the four
Divisions, the seven Graduate Schools, and six Institutes.
More than forty departments and twenty-two interdepart-
mental committees function within this framework. The cam-
pus budget totals more than $90,000,000 annually.

From its beginning, The University of Chicago has placed
equal emphasis on research and teaching, and has exerted a
profound influence on higher education in America.

The University’s traditional encouragement of independent
thought and investigation attracts a faculty of international

The four-year College, small, selective, and largely residen-
tial, is an integral part of The University of Chicago. The Col-
lege has its own dean and a faculty of 300, and is organized into
five Collegiate Divisions under five Masters. Programs leading
to the bachelor’s degree in the five Divisions are: Biological
Sciences, Humanities, Physical Sciences, Social Sciences and

The Graduate School of Business is the second oldest of its
kind in the country. The School offers an M.B.A. and a Ph.D.
program on the Quadrangles in addition to two evening
M.B.A. programs at 190 East Delaware Place. The Downtown
Program is designed for businessmen and includes a special
two-year Executive Program.

The Divinity School, which has educated more doctoral stu-
dents than any other such school in America, is interdenomi-
national in both faculty and student body. Established as the
University’s first professional school, its primary purpose is to
engage in disciplined theological research and inquiry into the
nature and task of the Christian faith, educating future profes-
sors and ministers alike.

The Graduate School of Education provides a focal point for
training scholar-teachers, educational administrators, and re-
searchers. Members of the faculty conduct research into all
the facets of the learning and teaching processes, frequently
working closely with faculties of other departments such as
sociology, psychology, and anthropology. The School also
directs the activities of the Laboratory Schools and the Sonia
Shankman Orthogenic School. (See ““Special Facilities.”)

The Law School is noted for the eminence of its faculty, its
traditional concern with the relationships between law and the
other social sciences, the rigor of its professional training, and
its close relationship with the bench and the bar. Actual court
sessions held in the School’s Weymouth Kirkland Courtroom
are a regular part of the professional curriculum. Its striking

THE DIVISIONS

Biological Sciences include the following areas of study:
Anatomy, Biochemistry, Biophysics, Botany, Medicine, Mi-
crobiology, Obstetrics and Gynecology, Pathology, Pediatrics,
Pharmacology, Physiology, Psychiatry, Radiology, Surgery,
Zoology, Genetics, Mathematical Biology, Virology, Paleo-
zoology, Biopsychology, and Biostatistics. The University’s
School of Medicine with its hospitals, clinics, and laboratories
forms an integral part of the Division.

Humanities include the following areas of study: Art, Clas-
sical Languages and Literatures, English Language and Litera-
ture, Germanic Languages and Literatures, History, Linguis-
tics, Music, New Testament and Early Christian Literature,
Oriental Languages and Civilizations, Philosophy, Romance
Languages and Literatures, Slavic Languages and Literatures,
General Studies in the Humanities, Comparative Studies in
Literature, History of Culture, Analysis of 1deas and Study of
Methods, Far Eastern Ciyilizations, African Studies, Near

The University of Chicago has had seven chief executives:
—1891-1906
—1907-1923
—1923-1925

Max Mason —1925-1928
Robert Maynard Hutchins—1929-1951

—1951-1960
—1961——

William Rainey Harper
Harry Pratt Judson
Ernest DeWitt Burton

Lawrence A. Kimpton
George Wells Beadle

Mr. Beadle, a geneticist, is one of the 27 Nobel prize winners
who have been associated with the University. On the faculty
are 29 members of the National Academy of Sciences, 19 mem-
bers of the American Philosophical Society, and 38 Fellows of
the American Academy of Arts and Sciences.

The University of Chicago has the fourth largest en-
dowment among private universities in the United States:
$275,000,000 (market value), June, 1966.

Today, Chicago’s main campus covers 150 acres and in-
cludes 125 buildings along both sides of the Midway Plaisance.

distinction as well as a student body with the highest potential
for learning and leadership. In pursuing its objectives, the
University also has made a significant contribution to the
practice and theory of higher education in this country. Its in-
novations include equal educational opportunities for women
at all levels, introduction of the junior college concept, exten-
sive courses in liberal arts, the four-quarter system, a full-time
medical staff, new standards for social service administration,
and the integration of general education requirements in
undergraduate programs.

interdisciplinary studies. In a study made by the National
Academy of Sciences—National Research Council, it was found
that the production index of doctorates earned between 1936
and 1956 per 1,000 graduates of the College was higher than
that of any other college in the United States. In 1966, 20
College seniors were awarded Woodrow Wilson Fellowships.

building (F-5), 1121 East 60th Street, was designed by the late
architect Eero Saarinen.

The Graduate Library School was the first library school in
the United States to offer advanced research study leading to
the Ph.D. degree. Reflecting the view that libraries are social
agencies bringing together a great variety of books, informa-
tion, and readers, the School’s curriculum centers around the
problems of bibliography, interpretation, selection, communi-
cation, and library administration. The School is cognizant, in
its course offerings, of the influence of recent research in the
information and communications sciences, and includes “in-
formation retrieval” and ‘“data processing application.”

The School of Medicine, which admits 72 students annually,
is America’s only medical school with a completely full-time
faculty. Members of the staff do not have outside private prac-
tices, but devote their time exclusively to the care of patients,
teaching and research in the University’s hospitals and clinics.
More than 600 doctors and scientists work here in one of the
world’s most renowned medical centers. The School places
special emphasis on the scientific basis of medicine and on the
skillful application of scientific principles to human problems.

The School of Social Service Administration (F-3), 969 East
60th Street, is widely known for its pioneering work in social
service reform, its scientific studies of social problems, and its
leadership in social work education and practice. It is one of
the oldest graduate schools of social work in the country. Its
new building was designed by Ludwig Mies van der Rohe.

Eastern Studies, Archeological Studies, Medieval Studies, and
Slavic and Balkan Studies.

Physical Sciences include the following areas of study: As-
tronomy and Astrophysics, Chemistry, Geography, Geophysi-
cal Sciences, Mathematics, Physics, Statistics. The Division of
the Physical Sciences also incorporates the Institute for Com-
puter Research, the Institute for the Study of Metals, and the
Enrico Fermi Institute for Nuclear Studies and its Laboratory
for Astrophysics and Space Research.

Social Sciences include the following areas of study: An-
thropology, Economics, Education, Geography, History, Po-
litical Science, Psychology, Sociology, Statistics, Far Eastern
Civilizations, Human Development, International Relations,
Industrial Relations, Social Thought, Comparative Study of
New Nations, Southern Asian Studies, African Studies, Near
Eastern Studies, Urban Studies, and Slavic Area Studies.
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“Atomic erthplace” Plaque (B-4), Stagg Field west
fence, marks the spot where Enrico Fermi and 41
other scientists achieved man’s first self-sustaining
atomic chain reaction at 3:25 p.Mm., December 2, 1942.

Rockefeller Memorial Chapel (D-6), 1156 East 59th
Street, symbolizing the spirit of religion on the Quad-
rangles, is noted for its true Gothic construction,
vaulted ceiling, and 72-bell carillon. Religious services
are held at 11:00 A.m. each Sunday the University is in
session, with sermons by the Dean of the Chapel or
outstanding guest clergymen. Free tours of Chapel,
carillon, and 17-story tower are conducted after
services. Phone MI 3-0800, ext. 3381.

Bond Chapel (D-4), southwest of Swift Hall, is ap-
proached through an arch at 1050 East 59th Street.
Open for prayer and meditation weekdays 9:00 A.M.—
5:30 p.m.; closed Saturday; open Sunday 8:00 A.M.—
12:00 M. Regularly scheduled Episcopal services
5:05 p.M. Wednesdays, 9:30 A.M. Sundays._

Oriental Institute (D-6), 1155 East 58th Street,
houses an extensive collection of Near Eastern art and
archeological findings. (See reverse side of map.)

University of Chicago Press (C-3), 5750 Ellis Ave-
nue, the oldest university press in continuous existence

in the country, publishes 30 academic journals and
more than 100 books annually. The Press welcomes
visitors. Stop at the Press Information Desk.

International House (D-10), 1414 East 59th Street,
is the campus home for 510 foreign and American stu-
dents. The cafeteria is open daily for breakfast, for
Lugg&,)and for dinner (except Saturday). Phone: FA

Midway Studios (F-2), 6016 Ingleside Avenue, for-
mer workshop of sculptor Lorado Taft, have now been
turned over to the Department of Art.

Robie House (C-7), 5757 Woodlawn Avenue, is the
internationally known ‘“‘prairie house” designed by
Frank Lloyd Wright which revolutionized the archi-
tecture of American homes.

Registered National Historic Landmarks: “Atom-
ic Birthplace,” Midway Studios and Robie House.
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The American Bar Center (F-6), 1155 East 60th
Street, one block east of the Law School, provides
offices for the national headquarters of the "American
Bar Association, the American Bar Foundation (one
of the nation’s largest legal research and educational
institutions) and eight other affiliated national legal
organizations. Phone: HY 3-0533.

Public Administration Center (F-9), 1313 East 60th
Street, houses the national offices of 22 organizations
in the field of public administration. Phone: FA 4-3400.

Center for Research Libraries (C-1), 5721 Cottage
Grove Avenue, is a cooperative library, supported by
20 midwest universities and the John Crerar Library,
Phone: MU 4-4545,

Adlai E. Stevenson Institute of International Affairs
(C-7), 5757 Woodlawn Avenue, is a memorial center
for the study of problems of international concern.
Phone: 467-6162.

University Address and Telephone: The University
of Chicago, 5801 South Ellis Avenue, Chicago, Illinois
60637. Phone: MI 3-0800.

University Hospitals and Clinics: 950 East 59th
Street, Chicago, Illinois 60637. Phone: MU 4-6100.

Parking permitted on both sides of the tree-lined
Midway Plaisance (E-1-9) and other city streets, and
pay parking all day, University parking lot (C-2), 58th
Street between Ellis and Drexel Avenues.

Transportation Hints: To-From Downtown: Via
1llinois Central Railroad (D-10), 57th or 59th Street

stations; via Chicago Transit Authority (CTA) Bus
Lines near the University: Bus No. 4, Cottage Grove
Avenue (A-F-1), when downtown board on Wabash
Avenue from Randolph Street on south; Bus No. 55,
East 55th Street (A-1-7); Bus No. 59, East 61st Street
(F-1-10); Bus No. 28, Lake Park and Stony Island
Avenue, one block east of Illinois Central Railroad at
57th Street.

Meals: International House (D-10), 1414 East 59th
Strect (See “Points of Interest.””) Center for Continu-
ing Education: (F-8), cafeteria and dining room.

Bookstore (D-3), 5802 Ellis Avenue. Hours: Week-
days 8:00 A.M.—5:00 p.m.; Saturday 8:00-12:00 m. It
houses a quick-lunch counter, books, magazines, news-
papers, student supplies, and various gift departments.

_Information Desk and Lost and Found, lobby, Ad-
ministration Building (C-D-4). Student addresses avail-
able. Phone: MI 3-0800, ext. 2381.

First Aid, Emergency Room, north side of Gold-
blatt Pavilion (D-2), entrance south on Drexel from
58th Street. Phone: MU 4-6100, ext. 5412.

Campus Police, 5750 Ellis Avenue, rear of Press
Building (C-3). Phone: MI 3-0800, ext. 3061.

Campus Tours, every Saturday 10:00 A.M., starting
from Ida Noyes Hall (D-7), 1212 East 59th Street.
Reservations for special groups may be made for other
times. Phone: MI 3-0800, ext. 4425, 4429.

Admissions Office, Room 203, Administration
Building (C-D-4), 5801 Ellis Avenue. Phone: MI
3-0800, ext. 3220.

Quadrangle Club (C-6), 1155 East 57th Street, for
faculty. Phone: HY 3-8601.

Center for Continuing Education (F-8), 1307 East
60th Street. Phone: BU 8-2500. (See reverse side of
map.) (Also see ‘“Meals.”)

More than ninety student organizations function on
the Quadrangles. Ida Noyes Hall (D-7), 1212 East 59th
Street, houses the offices of the student newspaper,
The Chicago Maroon, Student Government, and other
groups. In Mandel Hall (C-5), 1135 East 57th Street,
students act in plays, listen to distinguished lecturers,
and hear concerts and poetry readings. Year-round
facilities for an extensive athletic program—both in-
tercollegiate and intramural—are provided for men in
Bartlett Gymnasium (B-5), 5640 University Avenue;
the Field House (A-5), 5550 University Avenue; and
for women in Ida Noyes Hall.

Rockefeller Chapel
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Harper Library
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“Atomic Birthplace” Plaque

Law School Library, reflecting pond, and *‘Construction
in Space in the Third and Fourth Dimensions,”
by Antoine Pevsner.



" Dinner - December 1

Table Table
Dr. & Mrs. Harold M. Agnew 15 Mr. & Mrs, Ugo Fano 16
Mr, & Mrs. A, Adrian Albert 1 J. R. Farmakes 18
Mrs. S. K. Allison sp. _~~B. T. Feld 15
Mr. & Mrs, Herbert L. Anderson sp, ____Laura Fermi sp.
Robert L. Ashenhurst 1 Prof. & Mrs., H, Fernandez-Moran 3
Robert Avery 21 ~" H. R. Fischer 27
Dale F. Babcock 14 Frank G. Foote 28
Delbert L. Ball 24 Mr. & Mrs, Stewart Fox 13
N. E. Ballou 25 — Hymer L. Friedell 27
H. M. Bartom, Jr. 20 Arnold R. Fritsch 5
(ieorge M. Baumann 20 Herman H, Fussler 17
G. W. Beadle Sp. Joseph J. Gallagher 22
Frances J. Beck 26 Tom C, Gary 22
Wallace B. Behnke, Jr. 6 Donald R. Getz 25
Prof. Gilberto Bernardini 3 Russell L. Geuther 23
Seymour Bernstein 21 Mr. & Mrs. Julian R. Goldsmith 3
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THE UNIVERSITY OF CHICAGO BOOKSTORES arc owned and operated by the University of
Chlcago Their primary purpose is to scrve students and faculty with TEXTBOOKS and STATIONERY
requirements. They co-operate w ith the students by advertising in student publlcatlons by making avail-
able occasional window displays for outstanding campus activities, and by employing a number of students
as part-time workers, fitting hours in with class schedules.

A few wecks before each quarter opens, every faculty member is asked to tell the bookstores what
books and the number that will be used in the courses he teaches. On the basis of this estimate the books are
ordered and are on hand when the quarter begins.

While the Bookstore does not offer discounts, whatever annual net income is realized is turned over to
the University General Fund where it helps defray expenses of other non-income producing activities.

Because of the demands made by students w ho are attracted to the University of Chicago curriculum,
an interesting and comprehensive GENERAL BOOK DEPARTMENT has been dcvelopcd in the Main
Store. Here will be found thousands of hard bound and paperback books not required as texts but which
cover important supplementary readings in a wide range of interests including philosophy, religion, science,
poetry, anthropology, literature, and criticism. Any book not available in the store may be secured through
this department’s SPECIAL ORDER ROUTINE.

In the way of supplies the student will find everything required to outfit an office plus the special things
needed by him, such as DISSERTATION PAPER, NOTE BOOKS, FOUNTAIN PENS, and SOCIAL STA-
TIONERY.

For relaxation and recreation the PHOTOGRAPHIC DEPARTMENT carries a most complete line of
CAMERAS, DEVELOPING TOOLS and provides rapid developing and finishing service in color or black
and white. A full line of typewriters and tape recorders for sale or rent are carried in our TYPEWRITER
DEPARTMENT.

A corner dedicated to WOMEN ONLY stocks fine selections of the best in lingerie, blouses, handbags,
scarfs, and cosmetics. MEN may shop at this corner too, and often do. A limited line of Men’s Wear such as
shirts, socks and slacks is available.

GREETING CARDS and GIFTS have been selected for the new baby in the family and for the fathers,
mothers, and friends who have birthdays or
anniversaries to be remembered. Many are es-
pccmll) designed with the University of Chi-
cago msmnla COLOR POSTCARDS of campus
scenes and a limited line of TOILET ARTICLES

are also carried. FREE GIFT WRAPPING Welcome to the

service is available for items purchased in the

store. FREE NOTARY SERVICE is also avail-

able to Faculty, Staff, and Students. UNIVERSITY OF CHICAGO
The Main Store’s SOFT-DRINK and CAMPUS

SANDWICH BAR has long been famous as a
meeting-place for friends to get together over
a cold drink filled with chipped ice or a cup of
fresh brewed hot coffee.

This map is given to you with the compli-
ments of the Bookstores. It is hoped that it will
help you to find all the other buildings and
guide you back soon and often to

THE MAIN STORE
5802 ELLIS AVENUE

THE EDUCATION BRANCH
5821 KIMBARK AVENUE
THE DOWNTOWN CENTER BRANCH
64 E. LAKE STREET

THE DOWNTOWN PROGRAM BRANCH
190 E. DELAWARE PLACE

From the

For your conv enience the Univ cmtv operates a
MODERN 7-CHAIR BARBER SHOP in the base-
ment of the Reynolds Club. Appointments, if desired,
Ext. 3573.

UNIVERSITY OF CHICAGO BOOKSTORES
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25TH ANNIVERSARY OBSERVANCE
OF FIRST NUCLFAR CHAIN REACTION
December 1 and 2, 1967
The University of Chicago

PRELIMINARY PROGRAM

FRIDAY, December 1 8:45 a.m, REGISTRATION.
Breasted Hall, 1155 East 58th Street

9:15 a.m, Opening Remarks, GEORGE W, BEADLE

9:30 a.m, RETROSPECTIVE SESSION
Breasted Hall, 1155 East 58th Street

Chairman: H, DeW. SMYTH

Speakers:
HERBERT ANDERSON, 9:30 a,m,
10:40 a.m. WALTER ZINN, 10:00 a.m.
Coffee Break EUGENE WIGNER, 11:00* a.m,

CRAWFORD GREENEWALT, 11:40 a.m.

12:45 p.m, LUNCHEON
R The Quadrangle Club, 1157 East 57th Street

2:00 p,m, APPLICATIONS OF ATOMIC ENERGY SESSION
Breasted Hall, 1155 East 53th Street

Chairman: ALBERT V, CREWE

Speakers:
WILLARD F, LIBBY, Atomic Chemistry, 2:20 p.m,
MELVIN CALVIN, New Keys to Life Processes, 3 p,
ALVIN WEINBERG, The Age of Nuclear Power, 3:40 |,

6:30 p.m, DINNER
@\ Center for Continuing Education, 1307 E. 60th Stre

Speaker; EMILIO SEGRE

SATURDAY, December 2 9:30 a,m, PROSPECTIVE SESSION
Breasted Hall, 1155 East 58th Street

Chairman: GLENN SEABORG
Speakers:
W, B, LEWIS, Prospect for Heavy Water
Reactors, 9:30 a.m,
FRANCIS PERRIN, Atomic Energy for Power

10:40 a.m, Production in France, 10:00 a,m.
Coffee Break A, A, SIGVARD EKLUND, The International Atom,
11:40 a,m,

12:45 p.m. LUNCHEON
FL The Quadrangle Club, 1157 East 57th Street
Speaker: ALBERT WOHLSTETTER, on A Perspective
on the Implications of Atomic Energy.




Preliminary Program
Page 2

SATURDAY AFTERNOON, December 2

3:00 p.m. Unveiling Ceremonies for NUCLEAR ENERGY,
a sculpture by Henry Moore, commissioned
specially in observance of the 25th Anniversary
of the first nuclear chain reaction.
Ceremony at 5635 South Ellis Avenue

4:00 p.m. Photo exhibition of the evolution of the
sculpture, NUCLEAR ENERGY.
High Energy Physics Building, 933 East 56th Street,

5:30 p.m. Reception at the Reynolds Club, 5706 South
University Avenue (adjacent to Hutchinson
Commons) .
3:30 p.m. Dinner in Hutchinson Commons, 5706 South
‘L University Avenuc.
3:30 p.m. Motion Picture Documentary on the Chicago Pile,

Mandel Hall, adjacent to Hutchinson Commons,
5706 South University Avenue.

¥ %k ok k 3k %



UNITED STATES
ATOMIC ENERGY COMMISSION

WASHINGTON, D.C. 20545

DEC 8 1967

Mrs. Leo S. Szilard
2380 Torrey Pines Road
LaJolla, California 92038

Dear Mrs. Szilard:

It is a pleasure to send you herewith a copy of a new
educational booklet, "The First Reactor', which we have issued
for the 25th anniversary of the first controlled nuclear chain
reaction., It incorporates a text you doubtless have seen
before, but we have given it a new format and included new
illustrations.

We plan to keep supplies of this booklet permanently
available for distribution to students and others, as part of
the Understanding the Atom series. It should therefore inform
and inspire the public for years to come.

Should you wish additional copies at any time, please
write me,

Sincerely,

A L

Edward J. Brunenkant, Director
Division of Technical Information

Enclosure
"The First Reactor" (1)
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CP-1 IN THE RACE FOR THE ATOMIC BOMB
by
Dr. Richard G. Hewlett
Chief Historian
U. S. Atomic Energy Commission

Enrico Fermi's famous experiment in Chicago on December 2, 1942,
marked the end of the first lap in the desperate race against the Germans
for the atomic bomb.

That race had begun early in January 1939 when the world renowned physicist,
Niels Bohr, arrived in New York with some electrifying news. Two German
scientists, Otto Hahn &nd Fritz Strassmann, had been bombarding the heavy element
uranium with neutrons. They had discovered that the neutrons split the uranium
atoms in two, a reaction that theoretically would release tremendous amounts of
energy. Scientists the world over rushed to their laboratories to verify not
only the German experiment but also the possibility that each fission might
release several free neutrons, which in turn would cause additional fissions.

The results suggested the possibility of starting a self-sustaining chain reaction
which would produce energy for a variety of uses or perhaps a weapon of incredible
power.

In the United States during 1939 the discovery hsd little impact outside
university laboratories. American physicists explored the fission process in
hundreds of experiments, but only a few men--for the most part those who had
fled the tyranny of Nazi Germany--saw immediate implications for the new force
on the world scene. A letter from Albert Einstein to President Roosevelt brought
no action until early 1940, and even then Government support was hardly adequate
for a few experiments at Columbia University.

Arguments for a cautious approach seemed obvious. A demonstretion of the
chain reaction would require more uranium metal than then existed in the entire
vestern world. It seemed unlikely that the reaction would be useful as a power
source without many years of development, and in 1940 the United States still
seemed too far from war in Europe to Jjustify expenditures for developing an
atomic weapon. An added deterrent was the discovery by John R. Dunning and
Alfred 0. C. Nier, and their associates that most of the fissions occurred in
uranium 235, a lighter isotope of the element which constitutes less than 1 per
cent of the material as found in nature. Isotope separation was a difficult pro-
cess not yet employed on more than & laboratory scale. Even if it could be used
to produce uranium 235, it would be fantastically expensive,

(more)



cE

A small committee of Government officials working under Lyman J. Briggs,
director of the National Bureau of Standards, concluded in the spring of 1940
that the prudent course was to finance some research on isotope separation on
a very small scale and some preliminary work which Fermi and Ieo Szilard pro=~
posed on the chain reaction. Their idea was to assemble blocks of graphite
interspersed with lumps of uranium to form a "pile." The graphite would slow
down or "moderate" the neutrons coming from the fission reaction and thereby
increase the probability of thelr causing additional fissions in sustaining
the chain reaction. If the pile contained a large amount of natural uranium
metal, there would be enough uranium 235 for the fission reaction. A few
experiments on isotope separation and Fermi's work with neutron reactions in
graphite constituted the whole of the Government's effort in 1940.

New forces, however, were already at work before the end of 1940, As
American involvement in the war became more likely, President Roosevelt had
turned to Vannevar Bush and James B. Conant to marshal the nation's scientists
for defense. Already interested in the uranium project, Bush revitalized the
Briggs committee before the end of the year, and early in 1941 Ernest O. Lawrence,
director of the Radiation Laboratory at the University of California, added his
energy and enthusiasm to the efforts of those who favored increased Government
suppert. Research by a group under Glenn T. Seaborg at Berkeley had led to
the discovery of a new man-made element later named "plutonium." Like uranium 235,
plutonium would fission and apparently could be made in the pile from the
plentiful uranium 238 isotope. If Fermi's research proved successful, the
pile might be a much better source of fissionable material than an isotope
separation plant.

The one remaining obstacle to a full-scale effort on nuclear fission was
the lack of evidence that it would have any practical application in the war
effort. Without such an assurance, Conant and Bush did not dare risk investing
already scarce resources of scientific talent and materials in nuclear research.
Two studies of research progress by a special committee of the National
Academy of Sciences in 1941 failed to reveal hopeful prospects. Then on
July 10, 1941, Bush learned that the British were convinced an atomic bomb was
feasible. They believed they could build an isotope separation plant and de-
sign an atomic weapon of reasonable size. This was the evidence Bush and Conant
had been seeking. A few days before the Japanese attack on Pearl Harbor they
recommended to President Roosevelt an all-out research effort on methods of
producing fissionable material and the bomb.

The United States had taken more than two years to join the war against
Germany, and it seemed possible the nation was that far behind the Germans in
developing the atomic bomb., Time was of the essence. No one understood that
better than Arthur H. Compton, the distinguished physicist whom Bush had asked
to direct the plutonium project. With the odds favoring the uranium 235 approach,
Compton knew he faced an awesome task. He had no laboratories, no scientists,
no equipment, and no materials, but he went to work. Within a few weeks he
had convinced many.of the nation's leading scientists, including Fermi, to join
him in a new laboratory at the University of Chicago. With help from the Office
of Scientific Research and Development, he and a small group of associates
began a feverish quest for the materials necessary for the chain reaction:

(more)
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large quantities of incredibly pure graphite and amounts of uranium metal that
staggered the imagination. He borrowed equipment and installed it in class-
rooms at Chicago.

While Compton struggled to create a laboratory for the chain reaction at
Chicago, Fermi continued to study neutron multiplication in the small assembly
of low-grade graphite and uranium oxide at Columbia. Fermi's results were
encouraging but could not be conclusive. Despite heroic work to produce the
necessary materials, construction of the pile under the west stands of the Chicago
stadium ground to a halt in the fall of 1942 as the available stocks of graphite
and uranium metal were exhausted.

The day of decislion was fast approaching. Convinced that the chances for
an atomic bomb were good, Bush had brought in the Army Engineers to transform
laboratory experiments into operating plants. Under the hardsdriving General
Leslie R. Groves, the pace of the Manhattan Project was quickening every day.
Groves had appointed a special committee of outstanding engineers to examine
progress on each of the four methods then being considered for producing fis-
sionable material. Unless Fermi and his team could complete the Chicago pile
(later called "CP-1") before the reviewing committee arrived in late November,
1942, Compton's dream of producing plutonium for the bomb might be shattered.

In a-final effort to speed completion of the pile, Fermi decided to use
substandard graphite and uranium oxide for the outer regions of the assembly.
Teams of scientists working around the clock slaved over the bars of slippery
graphite. Even these extraordinary efforts seemed doomed to failure. When
the reviewing committee arrived in Chicago on Thanksgiving Day, the pile was
not yet complete. One last hope lay in the fact that the committee would
again be in Chicago after visiting Lawrence's laboratory in Berkeley.:  Compton
ordered Fermi to proceed at top speed. When the committee returned on the
morning of December 2, 1942, Fermi was ready. The successful demonstration
that day assured continuation of the plutonium project and kept alive the hopes
that the United States would win the race for the bomb. These hopes were
realized less than three years later, when the first assembly of fissionable
material (plutonium) was detonated at Alamogordo, New Mexico.

#



THE UNIVERSITY OF CHICAGO
DEPARTMENT OF MEDICINE

950 BAST S9TH STREET + CHICAGO -+ ILLINOIS 60637
MUsRuUM ¢-6100

Hawns H. Hecar, M.D.
December 26, 1967

Dr. Eugene Braunwald
National Heart Institute
National Institutes of Health
Building 10, Room TB15
Bethesda, Maryland

2001k

Dear Gene:

On the occasion of the 25th anniversary of the sustained nuclear
reection at the University of Chicago under the leadership of Enrico Fermi
and Leo Szilard we had an impressive ceremony. It culminated in the
unveiling of & sculpture by Henry Moore. I had the occasion to meet
Mrs. Szilard who had been an honored guest on this occasion. Mrs. Szilard
is a physician interested in community health problems and is now working
at La Jolla at 2380 Torrey Pines Road. Since her husband's death, she
practices under hermaiden name, Dr. Gertrude Weiss. She is, of course,
very much interested in the new developments at La Jolla and at U.C.S.D.
She would like very much to have an opportunity to talk to you about your
future plans and to discover how she might possibly be of some help to you.

I simply pass this observation on since I know that willing hands
are hard to come by and one needs all the strength one can get.

With best wishes.

Sincerely yours,

Hans H. Hecht, M.D.
Professor and Chairman

HHH/eke

CC: Dr Gertrude Weiss &~

SEVENTY-FIFTH ANNIVERSARY YEAR
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Extrait des statuts du

CENTRE D’ETUDE DES CONSEQUENCES GENERALES
DES GRANDES TECHNIQUES NOUVELLES (C.T.N.)

Objet de I’Association. Article 2.

L’Association a pour objet :

— P’étude des conséquences générales des grandes techniques nouvelles en fonction de ’homme
et de ’humanité dans sa diversité et en vue de son unité finale ;

— la diffusion d’informations sélectionnées pour leur valeur significative et de réflexion relatives
a cette étude.

Cet objet doit étre précisé ainsi :

a) Par opposition & nouveauté ou développement techniques, 1’Association entend par grandes
techniques nouvelles des disciplines telles que sont actuellement : ’astronautique ; la biologie,
la psychologie ; ’énergie atomique, ’énergie solaire ; 1’électronique, ’automation, la cyberné-
tique ; le calcul, la recherche opérationnelle, etc.

Elles marquent, en effet, le passage de la premitre ére scientifique et industrielle 3 une ére
nouvelle dans laquelle entre maintenant ’humanité et, par leur nature méme, vont influencer
profondément ou transformer les rythmes et les modes de vie et certains modes de pensée.

b) Au dela de leurs implications scientifiques ou techniques, I’Association étudie les conséquences
générales de ces grandes techniques nouvelles en fonction de leurs incidences économiques,
sociologiques, stratégiques, culturelles, esthétiques, philosophiques, spirituelles tant sur la vie
personnelle que sur celle des groupes ou de la société.

¢) Une telle entreprise, conduite en équipe, vise a :

— participer concrétement, et en toute indépendance, a I’effort de réflexion générale qu’exige
l’évohiltion de ’homme et de I’humanité A leur entrée dans 1’ére des grandes techniques
nouvelles ;

— promouvoir ’entrainement de groupes de non-spécialistes — et de spécialistes aptes a
dépasser les frontiéres de leur spécialité — a une méthode de synthése appliquée aux dimen-
sions véritables des problémes essentiels posés désormais par I’avenir de I’homme ;

— contribuer, par diffusion d’informations ou de suggestions, a élargir les prises de conscience
indispensables, auprés d’une sélection de plus en plus étendue d’hommes assumant des res-
ponsabilités dans les disciplines les plus diverses et dans tous les milieux ;

— susciter ainsi des efforts de réflexion et des réactions militantes permettant des interprétations
susceptibles de faire percevoir et mettre en ceuvre progressivement les modifications d’attitude
et les réflexes d’adaptation nécessaires.

Les documents bimestriels élaborés par le C.T.N. bénéficient de Ieffort consacré & ce méme pro=
bléme général de 1955 a 1962 ;ar la Société Internationale des Conseillers de Synthése, ils font suite
aux notes de lecture CSP TN n° 1 a 39.



AVANT-PROPOS

Ce bulletin n° 44 paraitra quelques jours seulement avant I’ Assemblée Générale com-
mune du C.T.N., du C.R.M. et de la F.R.H. Que cette Assemblée se tienne, en 1967, dans
une salle de I’Unesco, symbolise le développement qualitatif de nos relations avec les
grandes institutions internationales. Nos adhérents auront d’ailleurs senti, depuis un an, a
quel point la réflexion poursuivie sur les conséquences générales des grandes techniques nou-
velles conduit a s’interroger sur leur influence croissante dans les rapports entre Etats, sur
Pévolution générale de ces rapports et sur la signification de cette évolution générale a
Pégard des comportements individuels. Cela tient de plus en plus au changement dimen-
sionnel qu’entraine la mise en ceuvre de ces techniques. Ce changement n’a pas seulement
pour effet de modifier les données stratégiques ou d’ajouter aux problémes classiques de la
diplomatie des sujets nouveaux comme le « brain drain », le droit de I’espace, ou I’organisa-
tion de réseaux de mondovision. Il impose essentiellement un cadre de réflexion et d’action
qui dépasse celui des Etats et des Nations. Pour certains, il conduit ainsi @ un accroisse-
ment du travail et de la dimension des organismes nationaux chargés des « affaires étran-
géres ». Pour d’autres, il fait accéder les Etats et les Nations a un niveau supérieur d’ orga-
nisation ou leur maintien et leur vitalité dépendent de leur coopération avec des organismes
qualifiés pour traiter a I’échelle des continents et du monde les sujets effectivement posés a
cetteléchelle.

Ainsi, lorsque nous lisons, dans ce bulletin, que la convention sur I’assistance des cos-
monautes en danger est soumise aux lentes procédures « normales » d’examen par les
Nations Unies, ce qui implique qu’elles le seront a celles, plus lentes encore, de la ratifica-
tion par les pays membres, nous ne pouvons manquer de réfléchir a la contradiction entre
ces lenteurs et I’objet méme de la convention. Car ces cosmonautes en danger a qui il fau-
drait préter assistance, ne passeraient que quelques minutes dans le « ciel de chaque Etat »
— st vaste soit-il — alors que les opérations de sauvetage devraient évidemment étre prises
en charge par un seul organisme qualifié.



De méme, qui peut répondre aux suggestions du Professeur Teller envisageant des
explosions atomiques sur la lune ou a ces ingénieurs de la N.A.S.A. proposant pour des raisons
d’économie et de commodité de renoncer aux contraintes de stérilisation des véhicules spa-
tiaux ? Un Etat ou un organisme supranational ? Ne sent-on pas d’ailleurs, au ton employé
par le Président Johnson a propos des accords destinés a éviter la compétition pour Iexploi-
tation des territoires sous-marins, que de semblables questions se posent sur notre planéte et
pas seulement lorsqu’on s’en évade ?

De tels problémes se posent aussi au niveau des personnes. Il parait en effet souhaitable
— au nom des libertés individuelles — que chaque détenteur d’un poste de radio ou de
télévision puisse recevoir directement les messages et les programmes que, bientét, les satel-
lites de communication rendront effectivement disponibles. Mais cela ne sera possible que si
des accords mondiaux réglementent les définitions des appareils et les attributions de lon-
gueurs d’onde. L’équilibre entre les libertés et les contraintes se déplace chaque fois qu’il
concerne un autre niveau d’efficacité. Il impose aussi la mise en place de I’ autorité qualifiée
pour Pétablir et le maintenir.

Dans un autre ordre d’idées, il semble utile de réfléchir a Iutilisation des techniques
avancées par des organismes ou des entreprises dont le champ d’activité initial était fort
éloigné de telles préoccupations. C’est ainsi que intérét porté a I’océanographie par des
firmes engagées par ailleurs dans I’industrie spatiale ou la prise en charge par le centre
atomique d’Harwell des problémes de pollution atmosphérique dans le Royaume Uni sont
révélateurs de la valeur — en soi — de Peffort technologique. Il crée des équipements et
des comportements irremplagables.

Nous n’insisterons ici que briévement sur d’autres points de ce bulletin. Par exemple,
la création, en Grande Bretagne, de cours pour les professeurs désireux de participer a la
télévision éducative ou les réflexions de R. Colborn, rédacteur en chef de Science and
Technology, sur ce que devrait étre le partage du temps d’enseignement des enfants, sont
significatives du changement fondamental qui se prépare dans le domaine de la formation.
De méme, il faut beaucoup réfléchir au fait que le Fapon se prépare a créer une cité scienti-
fique a P'imitation de celles de la Sibérie. Un certain poids d’innovation semb.e faire pen-
cher progressivement vers I’Orient le dynamisme, traditionnellement occidental, de I’orga-
nisation de la recherche. Enfin n’est-il pas surprenant que, parmi les inventions « a faire»,
celles qui concernent I’apparition de nouvelles espéces d’animaux et de plantes soient au
nombre des innovations qui ne prétent pas a controverse ? Les personnes interrogées pensent-
elles vraiment que la « manipulation de I’homme » ne découlerait pas trés vite de semblables
progres de la biologie ?

Nous voulons signaler également a nos adhérents les deux textes rédigés par Georges
et feannine Guéron a leur retour des Congrés de Ronneby, en Suéde (Mouvement de
Pugwash) et de Namur, en Belgique (Association internationale de Cybernétique ), mani-
festations internationales ou ils représentaient, sur invitation, nos Associations.



Il s’agit en effet de groupements auxquels le Bureau du C.T.N. attache depuis long-
temps un intérét particulier. Le Mouvement de Pugwash est la plus prestigieuse des
organisations internationales de chercheurs, vouée a une réflexion (et a une action) a
propos, non pas de problémes scientifiques, mais des conséquences des découvertes scienti-
fiques et techniques sur les grands problémes mondiaux et notamment ceux des armements
nucléaires, du désarmement et de la paix. Ce Mouvement a profondément senti, depuis
quelques années, que les problémes du Tiers Monde et du développement sont générateurs
de tensions aussi fortes que les problémes stratégiques et que leur solution dépend étroitement
de son association a Deffort général de recherche et d’équipement. Une telle attitude cor-
respond — partiellement mais fortement — a celle que les bureaux du C.T.N. et du
C.R.M. plaident en équipe depuis longtemps. Et la notoriété des membres du Mouvement
de Pugwash justifie Peffort de nos bureaux auprés de ce Mouvement.

Quant a I’ Association internationale de Cybernétique, elle réunit, depuis dix ans, un
autre type de chercheurs. Ils n’ont pas, en général accédé au méme niveau de notoriété que
ceux qui fréquentent les assemblées de Pugwash. Leurs préoccupations sont d’ailleurs moins
directement lides aux conséquences générales des grandes techniques nouvelles. Mais leurs
travaux ont un caractére interdisciplinaire trés marqué et la liberté d’esprit et de discussion
dont ils font preuve est rarement poussée a un tel degré dans des congrés spécialisés. La
cybernétique, d’ailleurs, dans la mesure ou elle se veut une science des relations et des sys-
témes complexes, est appelée a faire réfléchir sur Paspect le plus impressionnant des chan-
gements des sociétés humaines, celui qui a trait a la prolifération des échanges et a la
complexité des interventions qu’ils provoquent. Les membres du C.T.N. seront heureux
d’apprendre que la conférence d’ouverture de ce Congrés a été prononcée par le Secrétaire
Général de notre Association.

Nous espérons que les comptes rendus de ces Congreés — si schématiques qu’ils soient —
souligneront certains progrés de notre réflexion générale.

Récemment deux membres de nos bureaux — Michéle Aumont et le Docteur Gros —
ont eu la joie de travailler @ Rome a I’occasion du Synode. Ils ont pu constater les réactions
d’intérét dont ils ont bénéficié lorsqu’ils ont abordé certains problémes généraux en tenant
le plus grand compte du travail réalisé par le C.T.N. et le C.R.M.

En terminant cet avant-propos, les membres des bureaux du C.T.N., du C.R.M. et
de la F.R.H. tiennent a rendre hommage a leur ami le Professeur Facques Parisot. Sa
récente disparition les a profondément attristés. L’un d’entre nous — le Docteur Gros —
avait collaboré avec lui depuis 1937. Nous avions apprécié infiniment sa culture et sa
loyauté, sa bonté et sa capacité d’engagement. Il nous avait constamment fait bénéficier
de ses conseils et de sa totale solidarité. Il portait un intérét enthousiaste a notre réflexion
sur les grandes techniques nouvelles — dont il sentait la corrélation de plus en plus
concréte et fondamentale avec les problémes posés par le Tiers Monde tels que les aborde le
C.R.M., problémes auxquels il a consacré son talent et son humanisme — notamment dans



le cadre de I’Organisation Mondiale de la Santé. Et puis nous savions que nous avions le
méme idéal : le respect de tous, c’est-a-dire le véritable respect de la personne. Il repose
dans sa chére Lorraine, ou il fut étudiant, professeur, doyen de la Faculté de Médecine de
Nancy, d’ou il partait pour son action internationale et ou il revenait toujours retrouver le
bon sens et la sagesse.

Nos camarades de travail et nous-mémes, nous vous adressons I’expression de nos sen-
timents les meilleurs.

[ —

Docteur André GROS, Georges GUERON,
Président. Secrétaire Général.

Nous rappelons que les faits sélectionnés pour la premiére partie des bulletins du C.T.N,
le sont moins pour leur valeur informative que pour leur signification. Ils ne tendent donc pas

résenter un intérét documentaire pour les spécialistes : ils ne peuvent que les aider a
réaeclur au dela de leur spécialité.

De la méme maniére, les textes sélectionnés pour la seconde partie des bulletins du
C.T.N. sont choisis pour susciter la réflexion des lecteurs méme s’ils sont parfois choquantn
Ils ne refletent donc pas nécessairement I’opinion des membres du bureau du C.T.N



Premiere partie : Faits significatifs

I — ASTRONAUTIQUE

A. Recherches.

|. L’exploration de la lune.

La stupéfaction et I’admiration qui ont accueilli le lancement du premier satellite arti-
ficiel ont fait place, en dix ans, a une sorte d’indifférence. On s’est habitué 4 I’astronautique
et des prouesses techniques telles que la correction de trajectoire de Surveyor V ou I’éta-
blissement d’une carte détaillée de la face cachée de la lune sont passées presque inapergues.

e Le programme Surveyor qui comporte le lancement d’une série d’engins destinés
a se poser sur la lune pour y procéder a diverses observations se poursuit dans des conditions
assez satisfaisantes : les trois premiers ont été des réussites incontestables (cf. Bulletin
C.T.N. n° 38, septembre 1966, p. 6 et n° 43, septembre 1967, p. 5). Le quatriéme a cessé
d’émettre quelques secondes avant de se poser sur la lune (C.T.N. n° 13.699) ; lancé en
septembre, le cinqui¢me a pu remplir sa mission d’analyse électro-chimique du sol lunaire
malgré de graves incidents au cours de sa trajectoire. Ces incidents ont obligé les techniciens
a recourir a une manceuvre de fortune pour ralentir suffisamment ’engin quelques secondes
seulement avant qu’il ne se pose (New Scientist, 21 septembre 1967, C.T.N. n° 13.768,

13.796).

e Les cartes de la face cachée de la lune, publiées par les services de la NASA (National
Astronautics and Space Administration) a ’occasion du XIII® congreés de I’Union astro-
nomique internationale (Prague, aolit 1967) ont été dressées a partir de documents photo-
graphiques transmis par les engins Lunar Orbiter ainsi que par ’engin soviétique Zond III
(cf. Bulletin C.T.N. n° 34, novembre 1965, p. 5). Le cinquieme et dernier engin de la série
Lunar Orbiter doit permettre de compléter ce travail, beaucoup plus riche en détails que
Patlas dressé par les services soviétiques (Le Monde, 3 aotit 1967, 14 septembre 1967, C.T.N.

nos 13.762, 13.764).

o Le satellite Explorer 35, lancé en juillet doit graviter autour de la lune pendant deux
ou trois ans et étudier les radiations du milieu lunaire qui risqueraient de géner la réalisa-
tion du programme Apollo (C.T.N. n° 13.698).

e Les premiers astronautes de la mission Apollo devront installer sur la lune des
instruments scientifiques relativement sommaires pour effectuer les premiéres observa-
tions. Au cours d’une mission ultérieure, plus longue, ils devront établir une série de stations
d’observation et de mesures et les relier 4 une station centrale qui communiquera avec la
Terre (New Scientist, 24 aott 1967, C.T.N. n° 13.792).



e Pour étudier le sous-sol de la lune, le Professeur Teller propose de procéder a une
explosion nucléaire analogue aux explosions souterraines du programme Plowshare (Sciences
et Avenir, aolt 1967, C.T.N. n° 13.784).

2. Les recherches astronomiques.

Lancer un satellite-observatoire sur la trajectoire d’une comeéte serait d’un intérét
scientifique considérable. C’est pourquoila N.A.S.A. acommencé a étudier les cometes que
I’on pourrait intercepter dans 1’état actuel des techniques astronautiques. De méme ce pro-
bleme figure au programme de ’ESRO (European Space Research Organization) et, pour
M. ]. Strong, membre fondateur de la British interplanetary Society, il faudrait dés main-
tenant commencer a étudier la théorie d’une interception de la comete de Halley qui doit
approcher du systéme solaire en 1986 (New Scientist, 10 aolt 1967, C.T.N. n° 13.793).

3. Les recherches biologiques.

e L’orientation de la croissance des végétaux serait directement déterminée par la
pesanteur : les germes de blé placés a bord du biosatellite américain lancé en septembre 1967
semblent s’étre développés normalement mais dans des directions inhabituelles (New
Scientist, 28 septembre 1967, C.T.N. n° 13.766).

¢ Un enregistrement du rythme des pulsations cardiaques de la souris qui est directe-
ment proportionnel a la surcharge de ’accélération, pourrait servir de signal de la réaction-
plafond a P’accélération (Bulletin d’Information d’U.R.S.S., 15 juin 1967, C.T.N. n° 13.558).

¢ En demandant de reldcher les contraintes de stérilisation des engins spatiaux qui
posent de difficiles problémes d’engineering, deux chercheurs du Jet Propulsion Lab. ont
suscité une vive inquiétude parmi les spécialistes réunis 4 Londres sous I’égide du COSPAR
(Comité international de recherches spatiales) (New Scientist, 27 juillet 1967, C.T.N.
n° 13.721).

B. L’homme dans ’espace.

e En vue du programme Apollo et surtout du projet Application Apollo qui compor-
tera en particulier la mise sur orbite permanente d’appareils d’observations astronautiques,
la N.A.S.A. a récemment recruté onze nouveaux cosmonautes. Contrairement a leurs pré-
décesseurs, ceux-ci n’ont encore aucune expérience aéronautique et ont été choisis d’abord
en fonction de leur expérience ou de leur formation scientifiques (Le Monde, 6-7 aott 1967,
G- T.N. n° 13.770.)

e Aprés plusieurs jours de vol cosmique I’organisme humain répond aux conditions
d’apesanteur par une déshydratation et une diminution de la masse musculaire et de la
densité osseuse. Selon le Dr Egorov qui participa au vol de Voskhod 1, les cosmonautes
pourraient s’adapter assez aisément a de tels changements. Mais le retour dans ’atmosphére
et les surcharges d’accélération qu’il comporte, en ramenant brutalement I’organisme aux
conditions normales pourraient provoquer des déréglements irréversibles si ’on ne prend



pas des mesures particulieres de protection, telles que I’absorption de médicaments spé-
ciaux (qu’il faudrait étudier et mettre au point) ou la mise en hibernation des cosmonautes
(qui reste rencore tres hypothétique) (Bulletin d’Information d’U.R.S.S., 19 septembre 1967
C.T.N. n° 13.782).

¢ Un accord d’assistance aux cosmonautes en danger a été soumis a I’approbation de
la Commission des Nations Unies pour 'utilisation pacifique de I’espace (C.T.N. n° 13.967).

C. Conséquences économiques.

|. Les télécommunications.

o Les satellites de communication et plus particulierement les satellites synchrones
présentent un intérét évident pour I’établissement d’un réseau mondial de télévision.
Jusqu’a présent les émissions sont relayées, modulées et amplifiées par des stations au sol
comme celle de Pleumeur-Bodou, en France ou celle de Goonbhilly, en Grande-Bretagne.
Mais lorsque la liaison émetteur-téléspectateur s’effectuera sans intermédiaire, une véri-
table mondovision ne sera possible que s’il existe un systéeme uniforme de télévision (Ficke
EDMA, 7 juin 1967).

e Les transmissions des futurs satellites stationnaires — qui ne peuvent opérer que
sur une orbite déterminée, risquent d’étre gravement perturbées par les émissions des
stations de réception au sol. C’est pourquoi leur localisation devrait faire ’objet d’un pro-
gramme d’ensemble rigoureux afin de préserver une « ressource naturelle qui est aussi pré-
cieuse que l’eau, le charbon ou le pétrole » (New Scientist, 14 septembre 1967, C.T.N.
n° 13.788).

e L’exploitation des ressources minieres dans les régions inhabitées du Canada dépend
en grande partie d’un bon réseau de télécommunications, réalisable grice aux satellites.
C’est pourquoi le Canada envisagerait de lancer son propre satellite indépendamment du
réseau Intelsat (New Scientist, 14 septembre 1967 C.T.N. n° 13.789 ; cf. Bulletin C.T.N.
n° 40 janvier 1967, p. 8).

2. La navigation.

On commence a pouvoir chiffrer les incidences économiques de I'utilisation des satel-
lites de navigation (cf. Bulletin C.T.N. n° 41, mars 1967, p. 8).

e Vers 1975, les économies réalisées pour I’ensemble de la flotte américaine seraient
de P’ordre de 1 a 1,4 million de dollars et s’éléveraient a plus de 45 millions de dollars pour
la seule navigation aérienne dans I’Atlantique Nord (Recherche spatiale, juin-juillet 1967
C.T.N. n° 13.785).

o Déja une entreprise californienne fait des offres de services et propose d’établir un
réseau de six satellites de navigation qui, moyennant 14.000 dollars (70.000 F) pour I’achat
de ’équipement de réception des signaux etun abonnement annuel de 5.600 dollgr,s (28.000F),
permettrait aux navigants de faire le point quelles que soient les conditions météorologiques
(New Scientist, 21 septembre 1967, C.T.N. n° 13.798).



D. Conséquences psychosociales et politiques.

I. Les universitaires américains s’inquictent de la politique astronautique pour les
années 1970-1980. L’avenir de certains projets de recherche fondamentale semble compromis
au profit de programmes de prestige comme les missions de reconnaissance vers Mars ou
Vénus ou comme le projet Apollo. Pour ce dernier projet, d’ailleurs, tout I’effort porte sur
Penvoi d’hommes sur la lune et la proposition de placer un détecteur de particules a bord
de la capsule a été refusée parce que cela n’impliquait pas de travail pour I’équipage. Par
ailleurs les stations de réception au sol semblent insuffisantes et sont désormais tellement
surchargées qu’il a fallu réduire au quart la réception des signaux émis par des satellites de
recherches comme Pionnier VI et VII (R.S. Lewis, Bulletin of the atomic Scientist, mai1967).

2. Alors que, pour la premicre fois, une personnalité soviétique, le Professeur Sedov,
évoquait la possibilité d’une coopération internationale pour les recherches spatiales (Le
Monde, 6 septembre 1967, C.T.N. n° 13.771), ’Allemagne et la Grande-Bretagne indi-
quaient que la réalisation de leurs programmes nationaux les obligeait a limiter leurs contri-
butions respectives aux projets européens (New Scientist, 10 aolt 1967, C.T.N. n% 13.769,

13.794).

II — BIOLOGIE

A. Biologie moléculaire.

1. L’étude des différents constituants de la cellule vivante permet d’avancer des hypo-
théses non seulement sur sa structure et son fonctionnement mais aussi sur son origine.
C’est ainsi que, selon des travaux présentés au VII¢ Congres de Biochimie (Tokyo, aofit 1967)
les chloroplastes et les mitochondries, responsables de I’apport énergétique des cellules
végétales et animales, seraient d’origine bactérienne. Leur présence serait le résultat d’une
étroite symbiose devenue héréditaire (Chemical and Engineering news, 28 aott 1967, C.T.N.
n° 13.837 ; New Scientist, 28 septembre 1967, C.T.N. n° 13.843).

e On connait encore mal la structure des ribosomes ou s’effectue la synthése des pro-
téines sous l’action de ’A.R.N. (acide ribonucléique). Cependant, plusieurs équipes de
chercheurs ont réussi d’une part 2 les cristalliser et a établir leur composition, d’autre part
a préciser la localisation, en profondeur, de la synthese des protéines (New Scientist, 13 juil-
let 1967, C.T.N. n° 13.707 ; Scientific American, septembre 1967).

e Des chercheurs britanniques et norvégiens ont récemment mis en évidence que les
chalones, substances chimiques qui induisent la division des cellules animales, ont une
action spécifique sur les tissus mais non sur les especes : la méme chalone agit sur I’épi-
derme du cobaye et sur celui de la souris mais est inopérante sur le tissu hépatique ou sur
I’hypoderme de 'un ou de I’autre (Scientific American, juillet 1967).



2. De nombreuses recherches en cours sur les constituants cellulaires pourraient avoir
d’importantes implications thérapeutiques :

e Ainsi, les troubles irréversibles que présentent les animaux de laboratoire aprés une
exposition prolongée dans une atmosphére a 100 9, d’oxygéne seraient dus i une rupture
des parois des lysosomes de certaines cellules pulmonaires, (cf. Bulletin C.T.N. n° 34,
novembre 1965, p. 9) : ceux-ci libérent en effet un enzyme qui détruit le contenu cellulaire.
On s’efforce maintenant de déterminer les substances susceptibles de renforcer la mem-
brane du lysosome ; ces recherches sont particuliérement intéressantes pour prévenir les
troubles des cosmonautes contraints & vivre en atmosphére d’oxygéne (New Scientist,
21 septembre 1967, C.T.N. n° 13.819).

e De méme, les recherches portant sur I’interféron qui, dans la cellule, induit la libé-
ration des anticorps et lui permet de lutter contre I’infection, ont mis en évidence que sa
production pouvait étre déclenchée par des molécules purifiées d’A.R.N. ou par des extraits
bactériens (Médecine et Hygiéne, 19 avril 1967, C.T.N. n° 13.336 ; New Scientist, 25 mai,
10-17 aout 1967, C.T.N. n° 13.470, 13.812, 13.817).

3. Les progres de la biologie moléculaire permettent de comprendre Paction de certains
agents nocifs & un niveau plus élémentaire de ’organisme, celui des molécules.

¢ On a ainsi constaté que I’absorption de LSD s’accompagnait d’anomalies de I’appa-
reil chromosomique et que, injecté a des rates au début de la gestation, il provoquait I’avor-
tement ou une forte proportion d’anomalies dans les portées (Science, U.S.A., 21 juillet 1967 ;
New Scientist, 3 aott 1967, C.T.N. n° 13.815 ; cf. Bulletin C.T.N. n° 43, septembre 1967,

p. 9).

e Selon des recherches récentes les radiations ne provoqueraient pas de modifica-
tions apparentes sur les différents composants de la cellule ; elles agiraient sur le métabo-
lisme et bouleverseraient les interactions des différentes organelles cellulaires (New Scientist,
10 aolt 1967, C.T.N. n° 13.816).

4. Malgré ses développements spectaculaires, la biologie moléculaire ne faisait encore
I’objet d’aucun enseignement officiel en Europe. Un accord vient d’étre conclu entre 1I’Uni-
versité de Californie et le Laboratoire international de Génétique et de Biophysique pour
créer a Naples une Ecole supérieure de Biologie moléculaire dont le programme d’études,
réparti sur trois ans, aboutira au niveau du doctorat (Ph. D.) (Science, U.S.A., 23 juin 1967,
C.T.N. n° 13.824).

B. Biologie médicale.

1. Les greffes et les organes artificiels.

o Les techniques de transplantation d’organes et les mécanismes de rejet des greffes ont
fait ’objet d’un important Congrés international qui s’est tenu a Paris du 25 au 30 juin 1967.
Jusqu’a présent seules les greffes de reins ont été durables (cf. Bulletin C.T.N. n° 42, juil-
let 1967, p. 11). Les rares essais de greffes de foie, de pancréas et méme de poumon ont
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tous été négatifs chez ’homme, alors qu’une proportion appréciable d’expériences sur les
animaux de laboratoire a été couronnée de succes (Presse quotidienne, 28-30 juin 1967,
C.T.N. n°13.634).

o A cet égard un progrés notable a été réalisé par un chirurgien britannique qui, tra-
vaillant sur des lapins d’espéces différentes, a réussi a désensibiliser I’organisme récepteur
en lui injectant au préalable des fragments d’antigenes prélevés sur le foie du donneur éventuel
(New Scientist, 20 juillet 1967, C.T.N. n° 13.841).

o Par ailleurs les expérimentateurs ont constaté a plusieurs reprises, sans pouvoir
encore en donner d’explication, que la greffe de peau entre animaux d’une méme portée
était rapidement rejetée alors que le foie transplanté pouvait continuer a fonctionner pen-
dant plusieurs mois (New Scientist, 25 mai 1967, C.T.N. n° 13.471).

o Une technique récemment mise au point en Allemagne de 1’Ouest permettrait
d’utiliser des greffons de tendons prélevés sur des cadavres et conservés a zéro degré dans une
solution qui ne préserve que les fibres de collagéne. Celles-ci, peu antigéniques, sont plus aisé-
ment tolérées par le receveur que des tissus frais (Médecine et Hygiéne, 26 avril 1967, C.T.N.

n%13.330).

e Afin de promouvoir les recherches sur les «cceurs artificiels », le gouvernement
américain a congu un programme calqué sur celui des engins spatiaux : formation massive
de personnel hospitalier hautement spécialisé et contrats de recherches avec des entre-
prises privées pour la réalisation des appareils (Gazette médicale, 5§ mai 1967, C.T.N.

n° 13.567).

2. Le cancer.

o Il n’est pas impossible que la cancérisation s’accompagne d’anomalies chromoso-
miques. Celles-ci ont été décelées dans la plupart des tumeurs cancéreuses ; mais, sauf pour
certains cas de leucémie, aucune de ces anomalies n’a pu étre clairement identifiée. Cepen-
dant comme les études ont toujours écé faites sur des tumeurs avancées, on peut se demander
si un examen précoce des tissus ne permettrait pas de découvrir des modifications spéci-
fiques qui se trouveraient ultérieurement « noyées » dans la masse des anomalies secon-
daires (Médecine et Hygiéne, 5 avril 1967, C.T.N. n° 13.496).

e En éliminant la phénylalanine de la ration alimentaire de malades atteints de tumeurs
cancéreuses graves, deux médecins américains ont constaté une notable réduction des
tumeurs dans la moitié des cas (Informations et Documents, 1°* juillet 1967, C.T.N. n° 13.667).

e La croissance et la multiplication anarchique des cellules cancéreuses pourraient
étre dues a la destruction d’un inhibiteur de croissance (cf. Bulletin C.T.N. n° 39, novem-
bre 1966, p. II et n° 40, janvier 1967, p. 9). La cellule contiendrait deux composés, la pro-
mine (qui provoque la croissance) et la retine (qui la refarde) dont I’action conjuguée assure
normalement I’évolution et la croissance. Or le Professeur Szent-Gyorgyi qui poursuit ces
recherches depuis plusieurs années a toujours trouvé de la retine en excés dans les tissus
sains ; 1’équilibre se trouve rompu dans les tissus cancéreux qui manquent de retine. Ce
corps serait relativement facile & synthétiser : en admettant qu’il soit assimilable, on dispo-
serait ainsi d’un agent chimique pour enrayer le développement des tumeurs malignes
(Science, U.S.A., 3 février 1967; New Scientist, 11 mai 1967, C.T.N. n° 13.375).
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C. L’Océanographie.

Les recherches et les activités océanographiques ne cessent de se développer et d’at-
tirer P’attention d’un grand nombre de responsables. Il est d’ailleurs significatif qu’un
périodique bimensuel Oceanology International, compte plus de 20.000 abonnés au bout de
sa premiére année d’existence (The Futurist, avril 1967).

1. Les incidences économiques sont nombreuses :

¢ En France, ou un Centre national pour I’Exploitation des Océans (CNEXO) a été
récemment créé, une société technique pour ’océanologie s’est constituée sous le nom de
« Technocéan », pour la construction du matériel nécessaire au travail en mer (Diagrammes,
avril 1967, C.T.N. n° 13.555).

o Aux Etats-Unis, un millier d’entreprises consacrent la totalité ou une partie de
leurs activités a I’Océanographie ; une cinquantaine d’entre elles figurent parmi les cing cents
entreprises américaines les plus importantes ; et celles qui s’intéressent & la plupart des
problémes d’équipements et de matériels de recherches sont, 4 coté des entreprises a voca-
tion marine, des sociétés plus ou moins spécialisées dans la construction aérospatiale (Inter-
national Science and Technology, avril 1967). Un commentateur économique de I’Evening
Star (21 septembre 1966) prévoyait des dizaines de milliers d’emplois nouveaux dans ce
domaine (cité par The Futurist, avril 1967).

2. Peut-étre faut-il mentionner ici des propositions vigoureusement soutenues au cours de
la derniére conférence du Mouvement de Pugwash (cf. ci-dessous, deuxieme partie, Texte IV)
par le Professeur Sohn : il s’agirait de constituer, sur les recettes a provenir de I’exploitation
de P’espace ou des océans, un fonds destiné a alimenter en « ressources propres » des orga-
nismes mondiaux comme par exemple I’O.N.U.

3. On lira avec le Texte I (deuxieéme partie) les principales notions qui se dégagent de
plusieurs études publiées a ce sujet au cours des derniers mois.

D. Les probléemes d’alimentation.

Plusieurs voies de recherche sont explorées pour améliorer la production alimentaire.

o En U.R.S.S. des croisements de végétaux ont abouti a des cultures d’hybrides qui,
dans les stations expérimentales, auraient produit jusqu’a 200 kg de matiére comestible
par métre carré et par an (New Scientist, Courrier des lecteurs, 24 aott 1967, C.T.N.
n° 13.813).

o La teneur en protéines d’un certain nombre de céréales a pu €tre considérablement
augmentée en laboratoire par l'injection d’une substance phytopharmacologique qui sci-
mule la production des enzymes nécessaires d la synthése des acides aminés (Sciences et
Avenir, aolt 1967, C.T.N. n° 13.828).
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¢ Une entreprise américaine aurait réussi a « synthétiser de la viande » & partir de
protéines végétales et de graisses animales (New Scientist, 6 juillet 1967, C.T.N. n° 13.682).

o Il serait particuliérement intéressant de pouvoir déterminer a I’avance le sexe des
animaux domestiques en fonction des besoins. Les travaux poursuivis a cet égard en Alle-
magne et en Grande-Bretagne, valables pour les lapins et les cobayes, n’ont cependant pas
encore donné de résultats pour le gros bétail (New Scientist, 7 septembre 1967, C.T.N.
n° 13.806).

E. La pollution.

Dans les pays industrialisés, la pollution des eaux et de I’atmosphére est devenue un
probléme majeur et les recherches se font de plus en plus nombreuses soit pour améliorer
les méthodes de détection, soit pour lutter directement ou non contre des dangers présents
ou futurs.

1. En raison de ’expérience acquise pour I’étude de la dispersion des particules radio-
actives, le Centre nucléaire de Harwell vient d’étre chargé par le Gouvernement britannique
d’entreprendre des recherches sur la pollution atmosphérique ainsi que sur effet des
polluants sur les voies respiratoires (New Scientist, 24 aofit 1967, C.T.N. n° 13.801).

¢ L’intensité lumineuse émise par de nombreux micro-organismes varie en présence
de certains composés chimiques dans le milieu ambiant et pourrait étre utilisée pour détecter
et mesurer leur taux de concentration (New Scientist, 20 juillet 1967, C.T.N. n° 13.712).

o Les appareils ultra-sensibles mis au point pour les recherches astronautiques pour-
raient étre adaptés et utilisés a la détection de particules nocives en suspension dans I’atmos-
phere (Diagrammes, juillet 1967, C.T.N. n° 13.825 ; cf. Bulletin C.T.N. n° 42, juin 1967,
P 14).

2. Depuis une vingtaine d’années huit Etats de la vallée de I’Ohio ont constitué une
association pour lutter contre la pollution de leurs rivieres et semblent avoir obtenu d’inté-
ressants résultats en prenant un certain nombre de mesures d’ordre technique mais surtout
en s’effor¢cant de définir les tolérances acceptables et d’en informer largement les membres
de l’association, dont la plupart sont des industriels ou des groupes d’industriels (N.4.M.
Report, 21 aotit 1967, C.T.N. n° 13.744).

Cependant beaucoup de polluants chimiques résistent a la destruction microbienne
et de nombreux détergents et insecticides peuvent persister dans le sol des années aprés
qu’on ait cessé de les utiliser. Certains composés semblent totalement «récalcitrants »,
d’autres ne le sont que dans certaines conditions du milieu. La « récalcitrance » peut avoir
une origine chimique ou physique qui justifierait des recherches systématiques (New
Scientist, 31 aout 1967, C.T.N. n° 13.807).

A plus long terme, les recherches entreprises pour développer la production d’énergie
« propre » peuvent s’inscrire dans un programme de lutte contre la pollution. Ainsi des

12



chercheurs de Lockheed Aircraft Corp. proposent d’utiliser les combustibles fossiles non
plus en tant que tels mais pour synthétiser un combustible propre qui pourrait étre ’'ammo-
niac dont la combustion dégage de 1’azote et de ’eau (Scientific American, aofit 1967).

La mise au point de piles électriques ou 4 combustible pour la propulsion des voitures
aurait le double avantage de les rendre silencieuses et d’éviter le dégagement de gaz nocifs
(Nucleus, 1967, C.T.N. n° 13.728).

III — CALCUL, CYBERNETIQUE, ELECTRONIQUE

A. Recherches.

1. Les lasers et leurs applications.

o L’extréme sensibilité du laser en fait un instrument de choix pour les mesures de
haute précision. Des chercheurs berlinois ont pu mesurer des longueurs au 10! cm et des
indices de réfraction avec une précision de 10-!? (17¢ Conférence internationale sur les appli-
cations des lasers, Paris, juillet 1967, C.T.N. n° 13.713, 13.719).

o La technique des hologrammes qui dérive directement de la mise au point des lasers
(cf. Bulletin C.T.N. n° 35, janvier 1967, p. 13), ouvre la voie vers la microscopie & trois
dimensions (New Scientist, 13 juillet 1967, C.T.N. n° 13.684), comme vers une conception
nouvelle, pour les calculateurs, de mémoires ultra-rapides dont les supports ne seraient
plus des microphotographies mais des micro-hologrammes (C.T.N. n° 13.760).

2. Dans le domaine médical, les expériences et les projets se multiplient soit pour
automatiser la surveillance des malades dans les hopitaux (C.T.N. n° 13.705) soit pour
I’exploitation des dossiers médicaux déja réalisée aux Etats-Unis et au Danemark et actuel-
lement 4 I’étude en France (La médecine et 'intelligence artificielle, Paris, 7 mars 1967,
C.T.N. n° 13.631), et en Grande-Bretagne (New Scientist, 3 aott 1967, C.T.N. n° 13.747).

3. Les recherches sur les machines capables de « convertir » I'information se multiplient :
une machine qui transcrit automatiquement en braille les caractéres transmis par une
machine 4 écrire ordinaire fonctionne en time-sharing entre le M.L.T. (Massachusetts
Institute of Technology) et une vingtaine d’institutions de jeunes aveugles ; au M.I.T.
également, une machine qui transcrit les caractéres imprimés en son codé est en cours
d’expérimentation (New Scientist, 31 aolt 1967, C.T.N. n° 13.803).

Relevant du processus inverse, le prototype d’une machine sensible a la voix et qui
répartit les paquets selon les numéros de code dictés par 'employé du tri postal est en cours
de construction dans les laboratoires de Radio Corporation of America (New Scientist,
7 septembre 1967, C.T.N. n° 13.804).
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B. Conséquences économiques et psychosociales.

I. Selon un récent rapport du Comité scientifique consultatif de la Maison Blanche,
les ordinateurs seront avant dix ans un instrument indispensable a I’enseignement supérieur
comme au fonctionnement des bibliothéques.

e L’équipement de ’ensemble des institutions américaines reviendrait a3 400 millions
de dollars par an, soit environ 60 dollars par étudiant ; or, actuellement on estime que les
installations et le fonctionnement des bibliothéques et services annexes reviennent en
moyenne 3 125 dollars par étudiant et par an (Science, U.S.A., 7 avril 1967 5 Amérique
actuelle, juillet-aotit 1967, C.T.N. n° 13.743).

e Cela implique cependant qu’un certain nombre de problémes soient résolus ; en
particulier, si de tels systémes ont déja fait leurs preuves pour 'indexation des références
et leur diffusion (cf. Bulletin C.T.N. n° 43, septembre 1967, p. 12). Il n’en est peut-étre
pas de méme pour la bibliothéconomie, ot nombre d’opérations sont encore mal définies
et ol certains caractéres du catalogage sont devenus si familiers qu’on pourrait négliger
d’en tenir compte en les introduisant dans le programme de la machine. Par ailleurs, ’auto-
matisation de la bibliothéque et surtout sa consultation a distance peuvent paralyser les
initiatives du chercheur (New Scientist, 20-27 juillet 1967, C.T.N. n° 13.717, 13.718).

2. L’équipement en « time-sharing » commence a étre opérationnel en Europe : un
dispositif mis en place & Londres par General Electric permet de traiter une quarantaine
de problémes a la fois et d’étre branché sur cent cinquante « terminaux » (New Scientist,
31 aofit 1967, C.T.N. n° 13.759, 13.802).

Mais le systeme deviendra beaucoup plus complexe avec I’'augmentation du nombre des
utilisateurs et le besoin d’un langage, valable a la fois pour la machine et pour chacun des
usagers. De sorte qu’une grande partie des bénéfices escomptés par les fabricants d’ordina-
teurs risque d’étre absorbée par le cofit de plus en plus élevé du software (New Scientist,
3-17 aolit, C.T.N. n° 13.746, 13.811).

C. La cybernétique.

La cybernétique tend a s’ériger en science des systemes qui attire un nombre croissant
de chercheurs de formation scientifique autant que sociologique, économique ou philoso-
phique.

1. On commence & percevoir les signes d’une telle évolution :

o Au plan pratique, I’académicien ukrainien Gloukov la décrit ainsi : « Il s’agit surtout
« de créer des systemes de commande, représentant un ensemble de machines et de méthodes
« permettant d’automatiser entiérement telle ou telle sphére de la production, de I’agricul-
« ture, de I’économie jusqu’a des échelles nationales trés grandes » (Nowuwvelles de Moscou,
19 aofit 1967, C.T.N. n° 13.752).
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o Au début de juillet, M. Kendall, ancien Professeur de statistiques 4 I’Université de
Londres, a organisé un symposium afin de réunir un certain nombre de personnalités dont
le seul point commun était d’essayer de comprendre les choses « complexes ou insolites en
établissant leurs modeles mathématiques et logiques ». L’affluence et la qualité des partici-
pants indiquent bien qu’une telle confrontation répondait 4 un besoin réel (New Scientist,
9 juillet 1967, C.T.N. n° 13.711).

e Les statuts de I’association sans but lucratif, Data Processing Management Asso-
ciation, récemment créée en Grande-Bretagne, stipulent expressément que seuls pourront
en faire partie ceux qui ont acquis une expérience pratique en matiére d’intégration (mana-
gement) des ordinateurs (New Scientist, 13 juillet 1967, C.T.N. n° 13.681).

2. Le Texte II (deuxieme partie) est le compte rendu du Ve Congrés international de Namur
établi par Georges et Jeannine Guéron a I’intention des membres du C.T.N.

IV — ENERGIE

Energie atomique.

A. Recherches.

1. Les accélérateurs de particules.

e Le projet de construire un accélérateur géant de 300 GeV en Europe suppose une
coopération internationale scientifique et technique qui a d’ailleurs déja fait ses preuves au
Centre européen de Recherches nucléaires (C.E.R.N.) de Geneve. Si le projet est adopte,
le choix de son emplacement posera évidemment des problémes d’ordre politique et finan-
cier mais devra en outre répondre a un certain nombre d’exigences :

— d’ordre purement technique, comme la constitution géologique du terrain sur lequel il
sera édifié ;

— d’ordre économique et psychosocial, comme le degré d’équipement de la région et le
temps moyen d’absence pour les personnes qui, venues des différentes capitales d’Eu-
rope, devraient participer a une réunion d’une journée sur le site de ’accélérateur (Le
Monde, 21 septembre 1967, C.T.N. n°® 13.877).

o L’accélérateur géant de 70 GeV de Serpoukhov en voie d’achévement aux environs

de Moscou, prend les dimensions d’une véritable ville industrielle (Bulletin d’Information
d’U.R.S.S., 14 septembre 1967, C.T.N. n° 13.754).

2. Les batteries radio-~isotopiques.

Huit pays membres de 1’Agence européenne pour I’Energie nucléaire vont entreprendre
en commun un programme de recherches pour mettre au point de petits générateurs élec-
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triques alimentés par radio-isotopes. De dimensions réduites et de faible puissance, de telles
« batteries » sont particulierement intéressantes pour leurs applications médicales et télé-
métriques (Diagrammes, juillet 1967, C.T.N. n° 13.826).

B. Conséquences économiques et utilisations pacifiques.

1. La production d’'uranium.

e En prévision d’une augmentation de la demande d’uranium au cours des vingt pro-
chaines années, le Canada se propose d’intensifier son effort de prospection (Energie
nucléaire, juin-juillet 1967, C. T.N. n° 13.677).

e L’Institut nucléaire de Chine populaire vient de mettre au point un appareil qui
permet de détecter plus finement et plus rapidement les gisements d’uranium et de thorium

(id. C.T.N. n° 13.678).

e Un contrat d’enrichissement d’uranium a été récemment conclu entre 1’Atomic
Energy Commission (U.S.A.) et une entreprise privée suédoise pour I’approvisionnement
d’une centrale de 400 MW. Ce contrat qui prévoit la fourniture de 10.000 kg d’U. 235
légérement enrichi entrera en vigueur au I janvier 1969 (New Scientist, 6 juillet 1967,
C.T.N. n° 13.685).

2. La production d’électricité.

e Un réacteur nucléaire d’une puissance de 10.000 kW de dimensions assez réduites
pour étre embarqué a bord d’un Liberty ship, vient d’étre mis au point par une entreprise
américaine (Sciences et Avenir, aott 1967, C.T.N. n° 13.827).

o Pour étre rentables les installations de dessalement de I’eau de mer fonctionnant a
I’énergie atomique doivent étre en méme temps productrices d’électricité. Les plus récents
calculs font espérer, pour une centrale de 600 MW, les prix de 2 mills (1 centime) le kWh
et de 10 cents les 1.000 gallons (13,5 centimes les 1.000 litres) (Prof. A. Weinberg,
XVIIe Conférence Pugwash, Ronneby, 3-11 septembre 1967).

3. L’emploi des radiations.

e Lutilisation des radiations pour la stérilisation des denrées alimentaires reste sou-
mise & controverse : la Grande-Bretagne entend en controler plus étroitement la vente alors
que les Etats-Unis se proposent d’en étendre ’emploi a la conservation des volailles
(Energie nucléaire, juin-juillet 1967, C.T.N. n° 13.679 ; New Scientist, 21 septembre 1967,
C.T.N. n° 13.818).

¢ Un laboratoire australien a mis au point une méthode d’irradiation qui permet de

contréler le développement et la qualité de la laine en fonction de la nutrition des moutons
(New Scientist, 6 juillet 1967, C.T.N. n° 13.680).
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On trouvera sous les rubriques suivantes un choix de faits signi-
ficatifs qui ne relévent pas toujours directement des grandes techni-
ques nouvelles. Mais ils se rapportent a une expression, un esprit
ou une forme de pensée qui rejorgnent les caractéristiques de dimen-
sions, de rapidité d’évolution ou de complexité que ces grandes
techniques imposent au monde moderne.

I. — ENSEIGNEMENT, EDUCATION, CULTURE

A. Les techniques pédagogiques.

1. Les moyens audio-visuels.

o Au Congres de I’Union nationale des Professeurs de Grande-Bretagne, le ministre
de ’Education nationale a annoncé la création d’un Conseil national de Technologie édu-
cative chargé de conseiller les services responsables de I’instruction scolaire ou profession-
nelle sur ’emploi des moyens audio-visuels. Par ailleurs des cours spéciaux sont organisés
aux environs de Londres a I’intention des professeurs qui désirent préparer des cours pour
la télévision éducative (The Observer, 26 mars 1967, C.T.N. n° 13.695).

o Les premicres expériences de télévision en circuit fermé dans les établissements
scolaires francais semblent assez satisfaisantes malgré les difficultés inhérentes a des
méthodes encore tdtonnantes mais qui, de I’avis de plusieurs professeurs les obligent a sortir
de leur isolement pédagogique, a confronter leurs expériences et 4 pratiquer pour certaines
matiéres un véritable enseignement en équipe (Le Monde, 5§ septembre 1967, C.T.N.

n° 13.773).

o Cependant ces expériences sont encore pratiquement ignorées du grand public ; on
a pu le constater notamment au Salon international de la radio et de la télévision (Paris,
I-10 septembre 1967) ou celles-ci étaient présentées presque exclusivement comme instru-
ments de loisir et de détente (C.T.N. n° 13.742).

2. Education et monde moderne.

e Les « mass media » constituent une véritable « école paralléle » dont tout systéme
pédagogique se devrait de tenir compte. Mais il est trés difficile de passer en cette matiére
du « Moyen Age a I’¢re des communications spatiales » (New Scientist, 13 juillet 1967,
C.T.N. n° 13.683).

e Préparer ’enfant et surtout I’adolescent a vivre dans un monde qui n’aura peut-étre
rien de commun avec le ndtre est une tache difficile pour laquelle M. R. Colborn, rédacteur
en chef de International Science and Technology (juillet 1967) propose sept matieres fonda-
mentales réparties de la fagon suivante :

— 5 9, du temps serait consacré aux mathématiques, cet « outil essentiel & une société qui
manipule des symboles » ;
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— 5 % 2 un travail manuel pour apprendre & « se défendre contre une manipulation exces-
sive de ces symboles » ;

— 10 9, a I’étude du passé, de son évolution vers le présent, de sa projection vers ’avenir ;
— 15 9, aux arts et a la littérature, valeurs éternelles ;

— 15 % a l’analyse de la société et a ’étude des institutions politiques, administratives,
économiques ;

— 10 9, a une connaissance générale des principaux phénomeénes scientifiques ;

— enfin tout le reste du temps, soit 40 %, & « apprendre 4 apprendre », par exemple a lire
un livre, a se servir d’une bibliotheque, 4 prendre des notes...

B. L’Information et la Vulgarisation.

Personne ne nie plus la nécessité d’informer le public et nombreux sont les hommes de
science comme les « hommes d’information » qui prennent conscience de leur responsabilité
a cet égard, en méme temps que de la difficulté de la tiche.

1. A la XVII® Conférence de Pugwash (Ronneby, 3-8 septembre 1967 ; cf. ci-dessous,
deuxiéme partie, Texte IV) M. Nigel Calder, ancien directeur de New Scientist, devait
dénoncer une attitude trop passive de la part des savants a I’égard de la vulgarisation : en
général, les savants acceptent assez volontiers d’expliquer leurs travaux mais ils le font
rarement spontanément et ils attendent, le plus souvent, d’y étre invités par un éditeur ou
par un journaliste. Or, informer le public devrait faire partie de leur métier au méme titre
que la recherche.

Cette tache, le Professeur Rabi, prix Nobel de Physique, en reconnaissait ’'importance
et cherchait a la définir dans une conférence dont on lira un extrait en deuxiéme partie
(Texte III).

2. Ces efforts se concrétisent parfois :

e L’Association frangaise des Journalistes scientifiques encourage les relations entre
journalistes qualifiés et attachés de presse des différents organismes scientifiques et techni-
ques et s’efforce de créer une Union internationale des Journalistes scientifiques (Le Pro-
gres scientifique, septembre 1967).

o Aux Etats-Unis, un Comité pour I"Information de ’Environnement, fondé en 1958,
édite sous I’égide de I'Institut des Savants pour I’Information du public, un périodique,
Scientist and Citizen, 4 intention du lecteur « intelligent sans connaissances scientifiques
particuliéres ». Au comité d’abord, a la rédaction du journal ensuite, les hommes de science
ont pris ’habitude de confronter leurs opinions et leurs connaissances avec des non scien-
tifiques ayant souvent certaines responsabilités politiques ou administratives. La régle est
de s’efforcer de donner une information objective sans jugement politique (Scientific
American, juillet 1967 ; Science, U.S.A., 25 aolt 1967, C.T.N. n° 13.822).
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II. — SCIENCE ET SOCIETE

A. La Recherche fondamentale.

e En 1967, 'U.R.S.S. compte plus de 700.000 chercheurs (dont 273.000 femmes)
contre 98.000 en 1940. La moitié¢ d’entre eux ont soutenu leur thése de doctorat au bout de
trois ans de formation spécialisée ; pendant cette « aspiranture » ils suivent en outre des
cours de philosophie, de langues étrangeres et de mathématiques et sont tenus de faire un
stage pédagogique (Nouvelles de Moscou, 15 juillet 1967, C.T.N. n° 13.731).

~* Le Japon se propose de construire une cité scientifique a I'image de la cité sovié-
tique d’Academgorod, voisine de Novosibirsk (New Scientist, 17 aott 1967, C.T.N.
n° 13.805 ; Bulletin C.T.N. n° 43, septembre 1967, p. 22).

B. La Recherche ~ Développement.

e Le gouvernement francgais a décidé de créer une Agence nationale de Valorisation de
la Recherche (ANVAR) afin d’encourager et de développer la coopération entre la recherche
publique et I'industrie privée (Sciences, France, mars-avril 1967).

o Cependant aux Etats-Unis on évalue a 10 9, a peine le nombre des brevets exploités
par ’industrie privée a partir de la recherche publique. Par contre I’impact, sur le secteur
privé, des recherches entreprises dans des organismes comme 1’Atomic Energy Commission
ou la N.A.S.A., se manifeste largement non pas sous forme de techniques ou de produits
nouveaux, mais de méthodes de travail et d’exigences de perfection (Afomes, juin 1967,
C.T.N. n° 13.586).

e Sous le sigle CODSIA, un Conseil des associations de I’industrie spatiale et de la
défense (parmi lesquels les syndicats professionnels des industries automobiles, électroniques
et nucléaires) a été constitué aux Etats-Unis afin de mettre en commun leur expérience pour
I’établissement des contrats de recherches techniques avec les agences gouvernementales
(N.A.M. Reports, 17 juillet 1967, C.T.N. n° 13.735).

C. L’émigration des cerveaux ou « brain~drain ».

Le « brain-drain » vers les Etats-Unis qui a fait 'objet d’un colloque international
récent (Lausanne, aotit 1967) prend des proportions inquiétantes pour beaucoup de nations
et plus particulierement pour le Canada, la Grande-Bretagne et les pays d’Asie. Parmi les
mesures qui pourraient étre prises pour enrayer cette ponction dramatique surtout pour les
pays en voie de développement on a proposé de développer les services de relations entre
les scientifiques de différents pays, d’assouplir les structures de la recherche, de promouvoir
les programmes d’assistance non seulement en fonction des qualifications des experts mais
aussi de leur nationalité : les pays pauvres devraient recevoir comme experts ceux de leurs
ressortissants qui ont acquis ailleurs leur qualification (Cerveaux a vendre, Le Monde,
24-29 aofit 1967, C.T.N. n° 13.779 ; cf. Bulletin C.R.M. n° 19, octobre 1967, p. 15-16).
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D. La responsabilité des savants.

La plupart des problémes évoqués ci-dessus sont des sujets de préoccupation grave
pour de nombreux hommes de science et notamment pour les membres du Mouvement
de Pugwash. A I’occasion du X® anniversaire de la création du Mouvement (cf. Bulletins
C.T.N.,n° 10-11, octobre-novembre 1962, Textes III et VI ; n° 12, décembre 1962, TexteI ;
n° 30, janvier 1965, p. 22; n° 40, janvier 1967, p. 12 et 19, etc.), une vaste rencontre a été
organisée 3 Ronneby (Suéde) ; on en lira le compte rendu dans la deuxi¢éme partie du pré-
sent bulletin (Texte IV).

E. Le monde de demain.

1. Sur une centaine d’innovations réalisables en ’an 2000, le Professeur Hermann Kahn,
Directeur de Hudson Institute, estime que vingt-cing, parmi lesquelles la prévision météo-
rologique a long terme, ’élimination de certaines maladies ou malformations congénitales,
la création de nouvelles espéces de plantes ou d’animaux mieux adaptés aux besoins des
hommes, la photographie et le cinéma en relief, seront acceptées sans discussion. D’autres,
par contre, seront « controversées » ; autrement dit, on préférerait qu’elles ne se réalisent
pas a cause de leurs implications sociales ou politiques. Telles sont : le contréle du climat
une hibernation prolongée des hommes, des techniques de contréle des naissances trés bon
marché et tres faciles & appliquer, le choix du sexe des enfants, un allongement considérable
de la vie, etc. (Chemical and Engineering News, 10 avril 1967).

2. Dire ou écrire que les pays industrialisés évoluent vers une civilisation des loisirs pour
laquelle ils ne sont guére préparés est presque devenu un lieu commun. Il est cependant
significatif que les pays en voie de développement s’en préoccupent dés aujourd’hui et
qu’un important colloque sur « Temps libre et récréation » ait été organisé a La Havane
(Atomes, mars 1967, C.T.N. n° 13.359).

3. La « futurologie » commence & s’ériger en véritable discipline avec ses groupes d’études,
ses spécialistes, ses cours de formation...

e Un cours sur le « 21 si¢cle » est organisé dans un Collége de Floride. A I’occasion
de discussions par petits groupes, les éléves sont invités a extrapoler les tendances présentes
et a imaginer les réalisations possibles ou probables.

e Le gouvernement américain encourage la création de centres de recherches qui sont
chargés d’étudier les besoins et les moyens d’action d’une « école de prévision technolo-
gique » (The Futurist, avril 1967).

e Sous le titre « Histoire et Futurologie » (1), M. O.K. Flechtheim a récemment
publié une série d’articles dont plusieurs datent de plus de vingt ans. Qu’ils aient trait a
Penseignement ou a la prévision, qu’ils décrivent des événements historiques ou les insti-
tutions politiques, tous contribuent a définir cette notion de « futurologie » (le terme a été
inventé par ’auteur) et & montrer comme le dit fort bien M. Robert Jungk dans sa préface,
que « le symbole des temps futurs sera un réseau bien plus qu’une fleche ».

o Le Texte V (deuxieme partie) illustre I’ensemble de ces tendances.

(1) Verlag Anton Hain, Meisenheim am Glan, ed. 1966.
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Deuxiéme partie: Textes significatifs

TEXTE Ne I

L’exploitation des ressources océanographiques (analyse).
Bulletin of the atomic Scientists, décembre 1964, avril 1967.
International Science and Technology, avril 1967.

The Futurist, avril 1967.

L’Océanographie, discipline-carrefour par excellence ou doivent étroitement colla-
borer hommes de science de différents horizons, techniciens et artisans, pose des problémes
d’ordre politique et juridique aussi bien que d’ordre technique ou biologique.

Les ressources alimentaires sont encore loin d’avoir été inventoriées ou exploitées
jusqu’a présent. Si’on parvenait a organiser sur une vaste échelle I’élevage du poisson, on
pourrait probablement centupler les tonnages actuellement capturés. Les méthodes qui ont
fait leurs preuves pour améliorer le rendement agricole pourraient — et commencent a3 —
étre transposées a « ’aquaculture ». Ainsi pourrait-on imaginer d’isoler certaines espéces
de poissons afin de les élever plus rationnellement, par des barriéres chimiques, acoustiques,
électriques. On sait déja que certaines épaves constituent des lieux de péche favorisés et
aux Etats-Unis plusieurs entreprises coulent délibérément des matériaux de toutes sortes
(bidons, bouteilles, carcasses de voitures, etc.) pour constituer des récifs artificiels a I’abri
desquels certaines espéces de poissons viennent se protéger de leurs prédateurs naturels.

De méme on peut envisager de fertiliser certaines zones d’accés facile en y dirigeant
et en y maintenant des courants riches en plancton ou de réchauffer certaines régions
cOtiéres pour y acclimater de nouvelles espéces de poissons.

Par ailleurs, il ne devrait plus étre insurmontable a ’homme de domestiquer ces mam-
miféres herbivores marins que sont les siréniens (lamantins et morses) pour en consommer
la chair.

Dans de telles hypothéses, on congoit aisément qu’il faudra étre en mesure de prévoir
a plus ou moins long terme 1’évolution des ressources océaniques en fonction du climat, des
vents et des courants marins. Aussi les données recueillies par des navires-enquéteurs ou
des « maisons sous la mer » devront-elles étre dirigées vers des centres d’information
équipés d’ordinateurs afin d’organiser 4 bon escient les campagnes de péches ou de récoltes
d’algues.

Mais une exploitation intensive des ressources de la mer devra nécessairement étre
assortie d’accords de coopération internationale et de réglementations de protection. De
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tous temps, on s’est efforcé de préserver jalousement la liberté des mers, mais il faut renou-
veler la teneur des accords internationaux pour garantir les droits d’exploitation de la mer,
droits qui sous-entendent la responsabilité d’assurer le maintien des équilibres naturels et la
protection contre la pollution (1).

Or, avec les réglementations actuellement en vigueur, on court le risque de voir ces
ressources gaspillées par des rivalités économiques ou politiques. La supériorité technolo-
gique des pays industrialisés en fera les principaux bénéficiaires de I’exploitation des
océans qui, en principe du moins, appartiennent a tous.

C’est pourquoi, I'Institut du Droit de la Mer de ’Université de Rhode Island a con-
sacré une grande partie de sa conférence d’été (1966) au contréle international de I’exploi-
tation des ressources de ’océan et dans un récent discours, le Président Johnson a déclaré :

« En aucun cas, il ne faudrait aboutir a une compétition coloniale d’un nouveau genre.
«I1 faut chercher a éviter la course aux territoires sous-marins et s’assurer que les profon-
« deurs des océans sont et demeurent la propriété de tous les hommes. »

Conscients de ce probléme, les Professeurs Rich (Etats-Unis) et Engelgardt (U.R.S.S.)
ont proposé de considérer les ressources de ’océan, et plus particuliérement les ressources
miniéres comme un bien commun a tous les peuples de la terre, et que les bénéfices retirés
de leur exploitation soient spécifiquement affectés a I’assistance aux pays en voie de déve-
loppement. La vitalité économique et la technologie des pays industrialisés contribueraient
ainsi directement au progres des pays défavorisés (XVII¢ Conférence de Pugwash, Ronneby,
3-8 septembre 1967 ; cf. ci-dessous Texte IV).

TEXTE No II

Ve Congreés international de Cybernétique.
Namur 11-16 septembre 1967.
Compte rendu établi pour le C.T.N. par Georges et Feannine GUERON.

De ce Ve Congres dont la séance académique de cloture devait étre solennellement
marquée par la présence du roi des Belges, on peut dégager trois notions générales :

— la premiére est I’importance donnée aux « systémes » par rapport a celle accordée
aux « appareils ». Dés qu’on est en présence de cybernéticiens, on se convainc que les

(1) Déja les biologistes estiment dépassé pour certaines péches le taux de «surpéche» au deld
duquel les poissons jeunes sont moins nombreux que ceux qui sont capturés ou détruits par des
prédateurs (Edmagramme, 30 aout 1967, C.T.N. n° 13.829).
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« relations » ont toujours le réle essentiel. Une machine 4 enseigner ne commence 3 étre
valable que si elle s’insére dans un « systéme éléve-machine » ou elle se régle sur ’éléve.
Tout ce qui « traite de I'information », tout ce qui est cybernétique décrit des comporte-
ments réciproques (ou agit sur eux) dans la mesure ol la chose, ’étre, ’organisme étudié
est envisagé dans un environnement avec lequel il échange des informations qui ne cessent
de les transformer ’un par I’autre ;

— la seconde porte sur « 'intelligence artificielle ». Aprés une période ot les cyberné-
ticiens s’efforcaient de se persuader eux-mémes et de persuader les autres que ’on pouvait
construire d’autres machines que les ordinateurs (sans intelligence) suivant des mécanismes
qui se rapprocheraient davantage de ceux de la pensée humaine (pour autant qu’on soup-
gonne ce que sont ces derniers), ils ont maintenant tendance a dire qu’une intelligence
« artificielle » peut (si elle ne doit) étre différente de lintelligence humaine. On voit tout de
suite comment ce théme pourrait donner lieu & des discussions sans fin sur des sujets ou
tous les mots seraient a définir. Mais, & Namur, on rencontre des personnes qui s’efforcent
de construire de telles machines, qui obtiennent des résultats assez saisissants, méme s’ils
ne sont encore que trés sommaires et qui parlent donc d’expériences réelles et de travaux
sérieux. Ils donnent matiére a beaucoup réfléchir ;

— la troisiéme est que les cybernéticiens prennent conscience de travailler dans un
monde nouveau. Ils traitent en effet de systémes (souvent ouverts et non pas clos) ou 'infor-
mation joue le réle essentiel. La matiére et ’énergie mises en jeu dans ces systémes sont
absolument infimes. Or Pinformation ne se consomme, ne se conserve, ne se transmet, ne
se dégrade ni comme la matiére ni comme I’énergie. A la limite, dans ’univers des cyberné-
ticiens, les principes fondamentaux de la physique (élaborés pour des systemes clos ol
n’interviennent que de la matiére et de ’énergie), c’est-a-dire les principes de conservation,
seraient mis en doute. Personne encore ne I’écrit. Certains le disent avec d’infinies précau-
tions. Mais la familiarité obtenue avec la notion d’information conduit a aborder — parfois —
les problémes du temps sans les certitudes des physiciens et des mathématiciens.

Le nombre des participants — un peu plus de deux cents — et celui des communica-
tions — une centaine — étaient sensiblement les mémes qu’aux congrés précédents. Mais
P’évolution est marquée vers un nombre croissant d’organismes ou de départements de
recherches publics ou privés qui se veulent cybernétiques : alors qu’en 1958, seul M. Staf-
ford Beer pouvait se présenter au nom d’un département de Cybernétique (United Steel
Company, Sheffield, Grande-Bretagne) on ne comptait pas moins de treize Instituts ou
Laboratoires cybernétiques ayant délégué une ou plusieurs personnes au V¢ Congres.

Par ailleurs, la participation des pays de I’Est est de plus en plus importante. Cette
année, prés du tiers des participants et la moitié environ des communications, et non des
moindres, émanent d’Allemagne de I’Est, de Pologne, de Roumanie, de Tchécoslovaquie,
d’U.R.S.S., de Yougoslavie. La délégation roumaine, en particulier, a laissé une profonde
impression 4 la fois par la solidité des travaux présentés et par la qualité de ses membres,
dont la plupart allient & une compétence indéniable, une culture remarquable qu’une par-
faite connaissance du frangais faisait apprécier a sa juste valeur.
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Quant aux communications elles-mémes, on a pu constater d’une part que les aspects
techniques qui représentaient presque I’essentiel des premiers congres, se réduisaient a
quelques exposés ol le concept d’automation ne se réfere plus a une recherche scientifique
mais 4 une étude purement technique.

D’autre part, il y a seulement dix ans, la plupart des psychosociologues et bon nombre
d’économistes d’une part, les scientifiques d’autre part affectaient un certain snobisme vis-
a-vis les uns des autres et s’ignoraient mutuellement. Aujourd’hui, au contraire, les « beha-
vioristes » recherchent le contact des scientifiques et les mathématiciens s’efforcent de ne
plus ignorer les problémes humains. Ni les uns ni les autres ne se contentent plus des
méthodes de travail ou des recherches classiques, espérent trouver et trouvent souvent, en
fait, dans la méthode cybernétique un outil précieux pour donner une dimension nouvelle a
leurs études. Des voies prometteuses s’ouvrent pour mieux comprendre non seulement les
processus de mémorisation, de reconnaissance des formes, d’apprentissage, mais aussi
I’évolution de certaines maladies ou le comportement des groupes et des sociétés, mettant
ainsi ’homme en mesure d’agir sur eux.

Aussi voit-on deux tendances se confirmer : d’une part on s’efforce de concevoir ou de
construire des machines qui simulent ces fonctions ; d’autre part on cherche a appliquer les
schémas désormais classiques des systémes a boucles et a rétroactions a un grand nombre
d’activités humaines.

Ainsi M. Gordon Pask, directeur de System Research Ltd, applique ces notions 2 la
conception de machines a apprentissage ou a perfectionnement. Lorsqu’un homme s’en-
traine ou se perfectionne, bien plus qu’a une mise en mémoire de faits et d’associations, il
procede a des opérations de vérification et de comparaison. Il s’exerce a agir sur son envi-
ronnement pour collecter les informations lui permettant de réaliser les « sous-objectifs »
ou étapes qui le conduiront vers le but qui lui a été assigné. Le role du maitre ou de I’instruc-
teur, homme ou machine, consiste & poser de nouveaux problémes & mesure que I’¢leve
avance dans la connaissance et a « renforcer » ses projets... Lorsqu’on utilise une machine
adaptative, la relation homme-machine devient alors comparable a une « conversation »,
limitée il est vrai au niveau de ’excitation et de la réponse a cette excitation, mais qui peut
aboutir 4 un « métasysteme » ot la machine est elle-méme conditionnée par 1> comportement
de I’éleve, soit qu’elle sollicite des performances de plus en plus brillantes, soit qu’elle
recherche, au contraire, un point de départ facile, comportant un pourcentage de succes
encourageant.

De méme les machines 4 mémoires associatives du Docteur Sauvan, dont il a déja été
fait mention dans le Bulletin C.T.N. (cf. n° 37, mai-juin 1966, Texte II) pourraient é&tre
utilisées pour résoudre des problémes complexes d’ordonnancement qui doivent tenir
compte de contraintes inhérentes aux opérations matérielles, a la charge des machines, 2 la
disponibilité et au comportement des ouvriers ou des équipes.

La plupart des communications présentées au cours de la Ve section consacrée a la
Cybernétique et la Vie et dont les travaux se sont poursuivis pendant toute la durée du
Congres, portaient sur ’étude de systémes simulant le comportement biologique, physio-
logique ou psychologique. Il serait difficile de résumer en quelques lignes la richesse des
idées développées et discutées au cours de ces journées ol ’on s’est beaucoup interrogé sur
la perception auditive et visuelle et le « pattern recognition », oit I’on a cherché a définir les
processus de la réflexion et de I’émotion, ol I’on a présenté des modeles du fonctionnement
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des cellules et des centres nerveux, ot I’on a suggéré des hypothéses pour expliquer I’évo-
lution de certaines maladies. Ce dernier aspect devait étre d’ailleurs particuliérement déve-
loppé par le Docteur Masturzo, Professeur a I’Université de Naples et Directeur du Centre
international de Rhumatocybernétique, au cours de la séance académique de cloture, dans
une conférence intitulée « Cybernétique et Médecine ».

Mais les méthodes cybernétiques semblent désormais trouver leurs applications les
plus fructueuses dans ’étude des comportements des groupes économiques et sociaux. Il ne
s’agit plus tant d’étudier les structures de ’emploi ou 'impact de ’automation sur le marché
du travail que d’établir des modeéles de systémes économiques, administratifs ou juridiques
complexes et de déterminer sur quelles variables agir pour en optimiser le comportement.

Ces notions sont d’ailleurs également applicables & 1’étude psychosociologique de
groupes restreints. C’est ainsi que le Colonel Chandessais, Directeur du Centre d’études
psychosociologiques des sinistres et de leur prévention (Paris), a établi un modéle cyberné-
tique de la panique. Si 'on peut prévoir le comportement des individus et du groupe en cas
de catastrophe, il est bien évident que I’on peut en déduire sur quels paramétres on pourra
agir pour en minimiser les dommages ou pour les prévenir. Or, dans ce cas particulier ol
Pexpérimentation est impossible, la méthode des modéles et approche cybernétique du
probléme semblent bien étre les seules valables.

L’économie apparait comme I’'un des systémes les plus complexes. Il est donc parti-
culi¢rement intéressant d’en étudier I’évolution a I’aide des méthodes cybernétiques. Le
probléme ne pouvait manquer d’attirer ’attention d’économistes, de mathématiciens ou de
responsables de la planification. Ainsi Mme Stojanovic, Professeur de Sciences économiques
a I’Université de Belgrade, étudie I'impact des progres techniques qui se manifestent 4 des
époques et avec des intensités variables sur la dynamique de I’économie. L.’équilibre écono-
mique est alors considéré comme un relais, un état momentané autour duquel le progrés
technique fait osciller le mouvement. L’optimisation du systéme doit prendre en considéra-
tion I’ensemble de ce mouvement pendulaire (par ex. le temps qui s’écoule entre ’accumu-
lation et la consommation) tout en tenant compte de ’environnement dans lequel il s’inscrit.

De méme M. Nicolau, Directeur du Centre de Calcul économique et de Cybernétique
économique de Bucarest, a établi les équations décrivant les relations entre la production,
la recherche et la formation et indique une stratégie pour optimiser le développement. C’est
d’ailleurs en partant des notions cybernétiques fondamentales de feedback et de modéles
qui permettent a ’homme de formuler de plus en plus finement I’évolution des phénomenes
économiques, que le Professeur Manea Manescu, membre correspondal}t ‘de‘l’Acac.iérme de
la République socialiste de Roumanie, définit la « planométrie ». Cette discipline qui mesure
et analyse les phénomenes économiques, permet d’élaborer les modeles structurels et pré-
visionnels d’une planification économique et, complétée par I'information, constitue 'un
des fondements de la science de I’organisation (management).

Ainsi voit-on les conceptions économiques des pays socialistes rejoindre dans une cer-
taine mesure des notions familiéres aux pays capitalistes. Mais I’approche en est différente.
Il ne s’agit plus de « partir du profit » ou des situations particulires pour retrouver une
concordance avec le bien commun, mais de partir d’une conception générale du fonctionne-
ment d’une économie nationale pour décrire les situations particulic¢res et les mécanismes
(dont le profit) qui se rapprochent le plus des objectifs généraux que I'on s’est fixés. Il
semble que la formulation mathématique employée pour y parvenir soit trés perfectionnée
dans les instituts de recherche des pays socialistes.
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Cette note ne prétend pas présenter un compte rendu intégral d’un Congres trés nourri
de communications fort diverses. Elle voudrait surtout souligner I’importance des réflexions
générales qui y sont présentées et ’orientation des recherches vers des séries d’application
(machines « intelligentes », machines a enseigner, schémas économiques, approches nouvelles
de la biologie et de la médecine) qui peuvent avoir, a I’avenir, une influence profonde sur
I’évolution de ’humanité.

TEXTE Ne III

Allocution du Professeur Rabi devant la Commission de I’ Education.
Assemblée générale de I’ American Association for the Advancement of Science (extraits).
The Physic Teacher, mai 1967.

Je crois que nous n’avons pas été assez soucieux de la signification de la science pour
Penseigner d’une fagon telle que les étudiants puissent pleinement la comprendre, 1’appré-
cier, en prendre conscience. Mises a part les applications évidentes pour tous nos contem-
porains, nous prétons tres peu d’attention a ses valeurs positives. En d’autres termes, nous
n’avons pas su transmettre notre savoir en humanistes. Nous avons enseigné la science a
tous les niveaux comme une série de « trucs » que I’éleve brillant peut apprendre, dont il
peut faire montre, et d’oll tout au moins il peut tirer quelque joie.

Mais la science est quelque chose de trés différent... C’est une aventure qui concerne
toute la race humaine que d’apprendre a vivre dans 'univers qui est le ndtre et peut-étre a
I’aimer.

Faire partie de cet univers signifie comprendre, se comprendre soi-méme, commencer
a percevoir que ’homme a en lui, et bien plus qu’il ne le croyait jusqu’a présent, la capacité
d’étendre a l'infini ses possibilités, et pas seulement du point de vue matériel.

C’est pourquoi (je suggere) d’enseigner la science, a quelque niveau que ce soit, d’un
point de vue humaniste. Je veux dire par 1a qu’il faudrait I’enseigner en tenant compte d’un
certain contexte historique, philosophique, social et humain pris au sens de la biographie,
de la nature des hommes qui ont élaboré cette construction (scientifique) de leurs triomphes,
de leurs titonnements, de leurs erreurs.
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TEXTE N° IV

XVII® Conférence du Mouvement de Pugwash.
Ronneby Briinn, Suéde, 3-8 septembre 1967.
Compte rendu établi pour le C.T.N. par Georges et Feannine GUERON.

Cette réunion, remarquablement organisée, au plan matériel, par le Comité National
Suédois et considérée comme décisive par le Continuing Committee qui y proposait une
réorganisation du Mouvement a été intéressante et prestigieuse, mais elle a souligné aussi
les difficultés de fond auxquelles Pugwash doit faire face a I’avenir.

Elle a été intéressante du fait du nombre, de la qualité et de la diversité des participants
et de la franchise avec laquelle ils ont exposé leurs points de vue. Elle a été prestigieuse
notamment du fait de la participation du gouvernement suédois : le Premier ministre a passé
pres de 48 heures 2 Ronneby et Mme Myrdal, ministre du Travail a présenté une communi-
cation importante sur « Les voies du désarmement ».

Mais cette conférence a souligné les difficultés du Mouvement dont la principale
parait étre la suivante : au début, les savants détenaient une connaissance privilégiée — et
non partagée par les hommes politiques et les diplomates — de nombreux aspects des pro-
bleémes posés par les armements nucléaires ; a la méme période, les communications entre
eux étaient meilleures que celles des politiques et des diplomates. Or, cette situation excep-
tionnelle a pris fin. En conséquence ils sont de plus en plus portés & aborder des sujets a
propos desquels leur information et leur qualification ne sont plus privilégiées et sur les-
quels leurs opinions sont plus celles d’hommes de cceur et de raison (ce qui n’est pas négli-
geable!) que de « responsables ».

En outre, un certain nombre d’entre eux ont « vieilli » depuis 10 ans (en témoigne la
mort soudaine de Sir J. Cockroft quelques jours aprés son élection a la place de Lord
Russell — abandonnant lui-méme la présidence en raison de son 4ge) et ils ont cristallisé
certaines positions. Dés lors les réunions fournissent un écho — en lui-méme trés remar-
quable et fort bien exprimé — des oppositions d’opinion du moment, sans apporter beau-
coup d’éléments imaginatifs. Un exemple de telles situations peut étre donné par le peu
d’attention accordé & une suggestion du Président Jules Moch & propos du traité de non-
dissémination. Alors que la plupart des membres de la délégation U.S.A. et 'unanimité de
la délégation d’U.R.S.S. insistaient pour une motion en sa faveur, rencontrant de nom-
breuses résistances, M. Jules Moch avait proposé que Pugwash se prononce pour une
« signature sans condition ». Celle-ci aurait été annulée si dans un délai a fixer (2 ou 3 ans)
les « grands » n’avaient pas amorcé des mesures de désarmement nucléaire. Un autre

exemple est donné par I'impossibilité d’arriver 4 une motion commune sur le conflit du
Moyen Orient.

En ce qui concerne I’avenir du groupe et de ses activités, deux ordres de décisions les
caractérisent :
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e D’une part un renforcement de la structure financiére et administrative. Le Conti-
nuing Committee veut avoir des ressources propres et ne plus dépendre de subventions
(privées ou publiques) occasionnelles. Il veut pouvoir rémunérer un permanent de trés
bonne qualité. Le Professeur Rotblat n’a accepté de prolonger que pour un an ses fonctions
de secrétaire général, sous condition que les comités nationaux cotisent, pendant cette année,
pour un minimum (relativement modeste) de 50.000 $ (c’est ce qu’a dépensé le comité
national suédois pour le congrés de Ronneby).

e D’autre part une large décentralisation. Un certain nombre de sujets doivent étre
pris en charge par des comités nationaux — qui organiseront, en liaison avec le Continuing
Committee des « symposiums internationaux » sur ces sujets. Les réunions générales (une
ou deux par an) traiteront de la coordination de ces études, de leur diffusion et de la fagon
dont les conclusions en seront utilisées.

*
¥ %

Sans reprendre ici le détail des communications, il convient de faire ressortir les points
suivants les plus généralement évoqués qui avaient trait aux problémes du désarmement,
a ceux du développement ainsi qu’au réle des hommes de science dans le monde moderne.

e Plusieurs participants ont évoqué les problémes du contrdle des armements comme
ceux des armes biologiques et chimiques. Certains ont fait remarquer que la prolifération
des sous-marins nucléaires et des nations qui en possédent ou sont en mesure d’en cons-
truire augmente les dangers d’une guerre accidentelle et devrait faire I’objet d’un accord
de désarmement. Il faut d’ailleurs constater que les traités de suspension des explosions
expérimentales et de non-prolifération ne sont pas des mesures de désarmement mais seu-
lement des mesures de restriction.

Pugwash a joué un role essentiel en alertant le monde sur les effroyables perspectives
de destruction des armes nucléaires et thermo-nucléaires. Les premieres conférences réunis-
saient des hommes de science courageux et honnétes qui, en s’élevant contre la suppression
de I’information ont contribué a créer un climat de « responsabilité nucléaire » aupres des
« grands ».

Mais depuis lors, les membres du Mouvement sont loin d’avoir progressé. Au contraire,
ils reconnaissent avoir perdu de vue leur véritable objectif ou bien n’avoir pas réussi a
s’entendre pour s’attaquer au seul grand probléme qui se pose a ’humanité : I’apparente
incapacité des hommes a vivre en paix avec d’autres hommes.

Or, le Mouvement de Pugwash pourrait s’attaquer a ce probléme et devrait se fixer
comme objectif essentiel de faire promouvoir dans tous les pays des recherches approfon-
dies sur ses nombreux aspects (techniques, économiques, ergonomiques, psychosociaux).
La caution de Pugwash pourrait inciter les différents organismes responsables a accorder
les crédits nécessaires et la « plate-forme de bonne volonté » que représente le Mouvement
de Pugwash pourrait étre un bon point de départ pour ces recherches.

e A coté des problémes du désarmement, le groupe de Pugwash est de plus en plus
convaincu que le probléme majeur est celui du développement du Tiers Monde. Il le situe
dans la méme perspective, celle d’une tension mondiale d’oit peuvent résulter des conflits
planétaires. Les savants se reconnaissent des lors une responsabilité particuliere car ils
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pensent que la diffusion des connaissances et des techniques comme celle de ’enseignement
peuvent contribuer rapidement et essentiellement a faire accéder les pays en développement
au seuil du démarrage économique. Mais, peu habitués & P’action, et 4 ’action dans ces
contrées, installés dans des positions de prestige dans leurs propres pays, ils formulent
souvent des opinions fort rationnelles, mais trés irréalistes, qui hérissent les représentants
des nations pauvres, sensibles, eux, a la souffrance, au dénuement, au désespoir de leurs
concitoyens. On assiste alors a un dialogue de sourds ol ces derniers plaident I'urgence
d’actions immédiates aupres des premiers qui s’agacent d’attitudes jugées passionnelles.

Les programmes d’assistance scientifique et technique posent en effet un certain
nombre de problemes généraux quels que soient le domaine, la discipline, le niveau de
connaissance auxquels ils doivent se situer et quels que soient les pays ol ces programmes
s’exercent ou s’exerceront.

Ainsi on a cru trop longtemps que la technologie agricole valable dans les pays riches
pouvait €tre valable pour les pays en voie de développement et qu’un transfert pur et simple
des connaissances suffirait a amorcer le développement.

En réalité, au lieu de « savoir et montrer comment faire », il faut établir une coopéra-
tion étroite entre spécialistes des deux mondes, travaillant et apprenant ensemble a résoudre
des problémes pour lesquels il n’y a pas encore de solutions. La recherche dans I’assistance
technique doit jouer un double role. Il faut d’abord définir les connaissances nécessaires
pour une assistance plus efficace ; dans ce cas, les résultats de la recherche sont importants.
En second lieu, la recherche peut étre considérée comme outil d’enseignement, qui dépasse
les divergences culturelles, et reste neutre vis-a-vis de croyances et d’expériences anté-
rieures. Dans ce cas, c’est la méthode qui est importante. Il faut donc une approche expéri-
mentale pour apprendre et pour enseigner tout a la fois. Par exemple, on peut disposer de
plusieurs méthodes?pour vulgariser les techniques agronomiques : radio et TV, fermes
modeéles, formationjde petits groupes de fermiers qui deviendront eux-mémes des moni-
teurs, etc. sans que l’on sache a priori laquelle ou quelle combinaison de ces méthodes sera
la plus valable pour un pays donné.

En matiére de recherche fondamentale, I’'une des premiéres conditions semble étre la
nécessité, pour le pays en voie de développement, de créer ou de susciter son propre «profil »
scientifique. Faute de quoi un dangereux « brain-drain » s’instaure : le quart des scienti-
fiques formés chaque année en Inde émigre définitivement vers les Etats-Unis ou I’Europe
occidentale. Afin de diminuer I’ampleur du fossé, les pays qui bénéficient de cet apport de
personnel qualifié pourraient ou devraient compenser cette ponction en octroyant des
subventions proportionnelles au nombre d’immigrants qui permettraient d’entreprendre
certains programmes de recherche, de promouvoir les échanges ou de participer plus large-
ment 3 des conférences internationales.

Par ailleurs, un projet de recherches internationales peut fort bien rencontrer dans un
pays en voie de développement les conditions matérielles favorables a sa mise en ceuvre et
faire ’objet de la création d’un « Centre d’excellence » attirant les meilleurs spécialistes
étrangers, pour une année sabbatique par exemple, et permettant de former sur place le
personnel qualifié. De plus, en attirant les bonnes volontés un tel centre pourrait probable-
ment jouer un réle comparable a celui d’un Corps des Volontaires de la Paix.

Dés le départ on pourrait adopter les méthodes techniques et scientifiques les meil-
leures et les plus avancées et éviter des erreurs et des titonnements que l'on n’a pas les
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moyens de commettre et qui ont souvent coité tres cher aux pays industrialisés : la pollu-
tion, la négligence d’un inventaire précis des ressources naturelles locales, ’absence d’une
planification soigneuse de I’exploitation de ces ressources sont autant d’erreurs évitables
avec I’aide de ceux qui ont acquis une certaine expérience en les commettant.

e On accueille généralement avec indifférence I’idée que l’apparition récente du
groupe socio-professionnel des chercheurs, la rapidité de son développement, la spécificité
des sujets dont il traite (science et technique, a vocation universelle), I'impact exceptionnel
de son action, dans la mesure ou la science et la technique ont des conséquences générales
sur les modes de vie et ’organisation des sociétés, sont autant de raison de I’étudier en lui-
méme et dans ses liaisons avec les autres groupes socio-professionnels. Mais 'intérét de
quelques personnalités s’éveille a cette suggestion.

Ces quelques indications se référent a trois seulement des sujets traités lors de cette
conférence et elles peuvent sembler plus critiques que laudatives. Il faut cependant insister
sur Putilité et la valeur du mouvement et des manifestations qu’il organise.

Pugwash constitue en effet 'une des rares occasions offertes a des personnalités de
nombreuses nations de confronter leurs opinions sur des sujets frés importants, dont elles
ne sont pas des spécialistes. Si on considére les savants qui s’y retrouvent entre eux comme
des « cadres du monde moderne », disposant, entre eux d’une part et auprés des gouverne-
ments d’autre part, d’un niveau élevé de confiance justifié par leur notoriété et leur engage-
ment humaniste, on verra dans ces réunions, bien au-deld de leur résultat immédiat, une
préfiguration de ’éveil 4 une conscience « mondiale » de problémes « mondiaux ». On y
verra aussi une tentative — infiniment précieuse pour le C.T.N. et le C.R.M. — de relier
concrétement les conséquences générales des grandes techniques nouvelles a I’évolution
du Tiers Monde. Notre conviction que le destin de I’humanité la conduit a aborder — avec
tous les moyens de la science et de la technique et dans une vue d’ensemble — les pro-
bléemes de la paix, de la démographie, d’une sagesse accordée a sa capacité de dominer la
nature, en sort considérablement renforcée.

Et cela représente une contribution trés positive a notre réflexion.

TEXTE N° V

Espérer 1999 (analyse).
Arthur WASKOW, Institut de Recherches politiques, Washington.
Conférence de Reeds College, mars 1967.

Le genre de connaissances qui permet d’extrapoler vers I’avenir, d’imaginer et de
comprendre les effets sociaux que pourra entrainer dans vingt ans une décision prise aujour-
d’hui, restera longtemps 1’apanage d’un trés petit nombre qui risque de s’ériger en véritable
technocratie. De celle-ci et des décisions qu’elle va prendre dépendra le sort des prochaines
générations.
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Ainsi ce qu’on décidera d’entreprendre aujourd’hui 4 propos des systémes d’armements
et de défense déterminera si dans vingt ans il sera encore seulement possible de songer 4 un
monde désarmé. A I’exception de quelques initiés, trés peu de gens le savent, ou méme le
soupgonnent. Et le risque est considérable de voir se développer des technologies aux impli-
cations lointaines dramatiques et n’en prendre conscience que lorsqu’il sera trop tard.
Ainsi, il est d’abord indispensable d’informer le public si I’on veut préserver la société
démocratique dans le monde technologique.

Dans cette perspective, il convient d’étudier et d’envisager ce qui est sérieusement
possible et non pas ce qui n’est que vraisemblable. Au lieu de prédiction, mieux vaudrait
employer le terme de « possidiction » : quelle politique adopter pour « permettre a certains
« germes de changement, qui sont déja perceptibles, de s’épanouir et de se développer. La
« possidiction décrit des situations qui sont vraisemblables & 30 9, par opposition a celles
« qui ne le seraient qu’a 1 9, ou au contraire a4 60 %,. De telles situations ont des chances
« d’étre réalisables mais il faut faire en sorte qu’elles le soient. Et la possidiction incite &
« agir. Dans cette perspective, il faut prendre en considération deux questions essentielles.
« Quelles sont les tendances majeures d’un passé récent qui sont susceptibles d’engendrer
«des changements majeurs? Quels sont les groupes, au sein de la société, qui désirent
« orienter ces tendances, et qui sont donc préts a lutter pour atteindre leurs objectifs ? »

Il semble que l'on puisse identifier trois tendances majeures qui risquent d’affecter
considérablement le monde de 1999 :

— L’objectif traditionnel de la guerre, obtenir la victoire par les armes, est devenu impos-
sible 4 réaliser. Aussi voit-on se dessiner les ébauches d’une stratégie du désarmement dont
le lancement des satellites soviétiques et ’organisation des Volontaires de la Paix sont une
préfiguration.

— Une nouvelle classe émerge, du moins dans la société américaine : celle des gens qui,
ayant regu un certain degré de formation et d’éducation, capitalisent leur savoir et pensent
accéder a de nouvelles libertés (comme, par exemple celle de vivre dans n’importe quel
pays). Ceux-1a deviennent de véritables « transnationaux » et sont beaucoup plus mobiles a
la fois dans la société et dans le monde.

— Pour la premiére fois, ceux qui appartiennent a la « sous-classe » pour reprendre un
terme de Gunnar Myrdal, prennent conscience de leur pauvreté et surtout, du fait des
bouleversements technologiques, de leur impossibilité a s’élever dans I’échelle sociale. Les
pauvres sont devenus conscients de leur pauvreté. Aussi ne voyons-nous plus des révoltes
sporadiques mais des révolutions animées par Gandhi, Mao Tsé-toung ou Martin Luther
King qui tendent a engendrer une « véritable technologie sociale de la rébellion ».

On ne sait pas si elle est valable ou réalisable, mais il est clair que la « possibilité existe ».

Ces trois tendances vont évoluer, réagir les unes sur les autres, et contribuer a forger
le monde de 1999.

On pourrait avoir réalisé un véritable désarmement garanti par une institution inter-
nationale qui serait habilitée a prévenir ou a contréler tout réarmement. Une organisation
« transnationale » serait chargée de régler les problémes non pas entre nations mais entre
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groupes homologues ressortissant de nations différentes; elle serait comparable au B.I.T.ou 4
des organisations internationales d’étudiants. De méme que le Concile mondial des Eglises et
I’Eglise Catholique réussissent a faire pression sur certaines politiques, un tel « Forum
mondial » pourrait paralyser les tentatives de réarmement postérieures a 1999. Car son action
ne reposerait que sur un seul accord : la violence est interdite pour le réglement des pro-
blémes internationaux mais tout autre moyen est autorisé.

Des « forces pacifiques » comme la course vers ’espace ou le Corps des Volontaires
de la Paix sont de bons exemples de ces arguments non violents ; on peut imaginer de la
méme maniére des Corps d’instituteurs ou d’agriculteurs qui se consacreraient non pas a la
guerre mais a la lutte contre la faim.

En fin de compte il faut élaborer une possibilité de comprendre ’avenir. Si, au départ,
une telle entreprise peut apparaitre comme un assemblage d’actions désordonnées, il con-
vient de ne pas perdre de vue ’objectif essentiel qui est de dresser une liste des futurs pos-
sibles et de les soumettre au jugement du public. Pour ce faire on ne peut se contenter
d’utopies. Mais nombre de projets ou d’études cherchent honnétement a extrapoler les
tendances actuelles. Il faut maintenant s’efforcer de présenter ces perspectives de maniére
a permettre aux hommes d’exercer leur action et leurs critiques, de fagon a ne pas les mettre
trop tard devant des faits accomplis.

Ainsi pourrait-on imaginer des « simulations » de I’avenir ol ’on analyserait les situa-
tions données en fonction des « possidictions ».
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au compte bancaire 6306 K Crédit Lyonnais agence ZO

14, Boulevard Poissonniére - Paris (98)
par chéque, mandat ioint

B - ADHESION COLLECTIVE, concernantles membres correspondants
dont les noms et adresses figurent, en annexe, moyennant une
cotisation globale annuelle de <100 =F

que je verse au compte chéque postal 4509 82 Paris

au compte bancaire 6306 K Crédit Lyonnais agence ZO

par chéque, mandat joint

le 126 Signature

(1) Pour la France et les pays bénéficiant du méme tarif postal au départ de France,
135 F pour les autres pays.
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25TH ANNIVERSARY OBSERVANCE
OF FIRST NUCI,FAR CHAIN REACTION
December 1 and 2, 1987
The University of Chicago

PRELIMINARY PROGRAM

FRIDAY, December 1 8:45 a.m,

9:15 a.m,

9330 a.m,

10:40 a.m,
Coffee Break

+ 12:45 p.m,

2:00 p,m,

6:30 p.m,

SATURDAY, December 2 9:30 a,m,

10:40 a.m,.
Coffee Break

12:45 p.m.

REGISTRATION. :
Breasted Hall, 1155 East 58th Street

Opening Remarks, GEORGE W, BEADLE

RETROSPECTIVE SESSION
Breasted Hall, 1155 East 58th Street

Chairman: H. DeW. SMYTH
Speakers:
HERBERT ANDERSON, 9:30 a.m,
WALTER ZINN, 10:00 a.m.
EUGENE WIGNER, 11:00 a.m,
CRAWFORD GREENEWALT, 11:40 a.m. ( V&&W

7wa{,
LUNCHEON

The Quadrangle Club, 1157 East 57th Street

APPLICATIONS OF ATOMIC ENERGY SESSION
Breasted Hall, 1155 East 53th Street

Chairman: ALBERT V, CREWE

Speakers:
WILLARD F, LIBBY, Atomic Chemistry, 2:20 p.m,
MELVIN CALVIN, New Keys to Life Processes, 3 p,
ALVIN WEINBERG, The Age of Nuclear Power, 3:40

DINNER
Center for Continuing Education, 1307 E. 60th Stre

Speaker: EMILIO SEGRE

PROSPECTIVE SESSION
Breasted Hall, 1155 East 58th Street

Chairman: GLENN SEABORG
8peakers:
W, B, LEWIS, Prospect for Heavy Water
Reactors, 9:30 a.m,
FRANCIS PERRIN, Atomic Energy for Pdwer
Production in France, 10:00 a.m.
A, A, SIGVARD EKLUND, The International Atom,

11:40 a,m,
LUNCHEON
The Quadrangle Club, 1157 East 57th Street
Speaker: ALBERT WOHLSTETTER, on A Perspective

on the Implications of Atomic Energy.




SATURDAY AFTERNOON, December 2

3:00 p.m,

4:00 p.m.

5:30 p.m.

6:30 p.m.

3:30 p.m.

\ M. and M, %'aéﬂ/ Lwrance Sscarson

Preliminary Program
Page 2

Unveiling Ceremonies for NUCLEAR ENERGY,

a sculpture by Henry Moore, commissioned
specially in observance of the 26th Anniversary
of the first nuclear chain reaction.

Ceremony at 5635 South Ellis Avenue

Photo exhibition of the evolution of the

sculpture, NUCLEAR ENERGY.

High Energy Physics Building, 933 East 56th Street,

Reception at the Reynolds Club, 5706 South
University Avenue (adjacent to Hutchinson
Commons) .

Dinner in Hutchinson Commons, 5706 South
University Avenuc.

Motion Picture Documentary on the Chicago Pile,
Mandel Hall, adjacent to Hutchinson Commons,
5706 South University Avenue.

* %k ok ok ok ok
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THE UNIVERSITY OF CHICAGO
CHICAGO + ILLINOIS 60637

THE ENRICO FERMI INSTITUTE
FOR NUCLEAR STUDIES

5630 ELLIS AVENUE

Dear Colleague:

On December 1 and 2, 1967, The University of Chicago
will observe the 25th Anniversary of the First Nuclear Chain
Reaction.

I am writing you now, in anticipation of the formal
invitation you will receive later, to urge that you set aside
these dates. The 25th Anniversary observance will be an
occasion for the reunion of persons who were associated with
the original experiment. A number of talks have been arranged
to recall the early days and to outline some of the progress
that has been made since. A specially commissioned work of
sculpture by Henry Moore will be unveiled at the site of the
original experiment.

A preliminary program for the two-day event is attached.
You will receive a formal invitation in due course. I hope
very much that you will be able to share with us the events
of this important commemorative occasion. Please let me know
whether you will be able to come. A reply card is enclosed for
your convenience,

Sincerely,

%g y;ﬂe/m

Herbert L. Anderson
Professor of Physics



256TH ANNIVERSARY OBSERVANCE
OF FIRST NUCLEAR CHAIN REACTION

DECEMBER 1 AND 2, 1967
THE UNIVERSITY OF CHICAGO

PRELIMINARY PROGRAM

FRIDAY 8:45 a.m. REGISTRAT ION

DECEMBER 1
9¢15 a.m Opening Remarks, GEORGE W, BEADLE
9:30 a.m, RETROSPECTIVE SESSION

Chairman, H., DeW. SMYTH
Speakers:
HERBERT ANDERSON, 9:30 a.m.
10:40 a.m, WALTER ZINN, 10:00 a.m,
Coffee break EUGENE WIGNER, 11:00 a.m.
CRAWFORD GREENEWALT, 11:40 a.m,

12:45 p.m. LUNCHEON

2:00 p.m. APPLICATIONS OF ATOMIC ENERGY SESSION
Chairman, ALBERT V, CREWE
Speakers:

WILLARD F, LIBBY, Atomic Chemistry, 2:20 p.m.
MELVIN CALVIN, New Keys to Life Processes, 3:00 p.m.
ALVIN WEINBERG, The Age of Nuclear Power, 3:40 p.m.

6:30 p.m. DINNER - Speaker, EMILIO SEGRE
SATURDAY 9:30 a.m. PROSPECTIVE SESSION
DECEMBER 2 Chairman, GLENN SEABORG

Speakers:
W, B, LEWIS, Prospect for Heavy Water Reactors, 9:30 a.m.

10:40 a.m, FRANCIS PERRIN, Atomic Energy for Power Production
Coffee break in France, 1C:00 a.m,

A, SIGVARD EKLUND, title to be announced, 11:40 a.m.

12:45 p.m. LUNCHEON - Speaker, ALBERT WOHLSTETTER, A Perspective on
the Implications of Atomic Energy

3:00 p.m, DEDICATION OF HENRY MOORE SCULPTURE

4:00 p.m, EXHIBITION OF THE WORKS OF HENRY MOORE

5:30 p.m, RECEPT ION

6:30 p.m. DINNER

8:30 p.m. MOTION PICTURE DOCUMENTARY ON THE CHICAGO PILE

*
N
*
*



The Atomic Energy Commission

and

The Smithsonian Institution

request the pleasure of the company of

/6/ /Lv@uc 7//0(/2,1/ )Z{Z/vgf?—é@

on Wednesday, November 29, 1 967

from 5:30 p.m. to 7:00 p.m.
in the
Museum of History and Technology
Constitution Avenue at 14th Street, NW.
in the honor of Enrico Fermi
and
the 25th anniversary of the
forst controlled nuclear chain reaction
at Stagg Field of the
University of Chicago
December 2, 1942

R.s.v.p.
(202) 381-5543



From November 29 — December 8 there will
be a special exhibition of: Memorabilia of
Enrico Fermi and of the great experiment
which introduced a new power resource to
the world; a model of CP-1, the first nuclear
reactor; and a model of the full size replica
of CP-1 to be installed in the hall of nuclear

energy.



The Atomic Energy Commission
and

The Smithsonian Institution

request the pleasure of the company of

g ///, 5 ] ,,‘/ / '/
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on Wednesday, November 29, 1967

from 5:30 p.m. to 7:00 p.m.
in the
Museum of History and Technology
Constitusion Avenue at 1 4th Street, NW.
in the honor of Enrico Fermi
and
the 25th anniversary of the
first controlled nuclear chain reaction
at Stagg Field of the
University of Chicago
December 2, 1942

R.sw.p.
(202) 381-5543
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25th anmiversary observance
of the
first nuclear chain reaction

Exhibition, CHICAGO’S
HOMAGE TO HENRY MOORE,

a selection of his drawings and

december 1 and Z, 1967

sculpture, presented by

the Renaissance Society and the
Committee for the 25th Anniversary
Observance of the First

Nuclear Chain Reaction, may be
viewed Monday through Saturday,
0:00 AM. to 5:00 .M., December 1
through December 22, at the School
of Social Service Administration

Building, 969 East 6oth Street.
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friday, december 1

REGISTRATION
Breasted Iall, 1155 East 58th Street

Opening Remarks
GeorGeE W. BEADLE
President, The University of Chicago

RETROSPECTIVE SESSION
Breasted Hall, 1155 East 58th Street

Chairman: .
H. DeW. SmyTH

United States Representative to International
Atomic Energy Agency, Vienna, Austria;
and Emeritus I’rofessor of Physics, Princeton
University

Speakers:

HERBERT ANDERSON

Professor of Physics, The University of Chi-
cago

WALTER ZINN

Vice President, Combustion Engineering
Company

Coffee Break

EuGeNE WIGNER
Professor of Mathematical Physics, Princeton
University; and Nobel Laureate in Physics

CRrRAWEORD (GREENEWALT
Chairman, E. 1. duPont de Nemours Com-

])(U‘l}’

LUNCHEON

The Quadrangle Club, 1157 East s7th
Street :

2:00 pm

2:20 pm
3:00 pm

3:40 pm

6:30 pm

APPLICATIONS OF ATOMIC
ENERGY SESSION

Breasted Hall, 1155 East 58th Street

Chairman:
A1Bert V. CREWE

Professor of Physics, The University of
Chicago

Speakers:

WirLarp F. Ly

Professor of Chemistry, University of Cali-
fornia at Los Angeles; and Nobel Laureate
in Chemistry.

“ATOMIC CHEMISTRY’’

MEeLvIN CALVIN

Director, Bio-Organic Division of Lawrence
Radiation Laboratory, University of Cali-
fornia at Berkeley; and Nobel Laureate in
Chemistry

“NEW KEYS TO LIFE PROCESSES

ArLvIN WWEINBERG

Director, Oak Ridge National Laboratory
“THE AGE OF NUCLEAR POWER"

DINNER

The Center for Continuing Education

1307 East 6oth Street

Speaker:

EMILIO SEGRE

Professor of Physics, University of Califor-
nia; and Nobel Laureate in Physics

““THE EARLY YEARS OF ENRICO renmr’



8:45 am

saturday, december 2

PROSPECTIVE SESSION
Breasted Hall, 1155 East 58th Street

Chairman:
GLENN SEABORG

Chairman, U.S. Atomic Energy Commis-
sion; and Nobel Laureate in Chemistry

Speakers:
W. B. Lewis

Senior Vice President for Science, Atomic
Energy of Canada, Ltd.
‘PROSPECT FOR HEAVY WATER REACTORS

Francrs PERRIN

Haut-Commissaire a I’Energie Atomique,
Paris

““ATOMIC ENERGY FOR POWER PRODUCTION
IN FRANCE”

A. SIGVARD EKLUND

Secretary-General International Atomxc
Energy Agency, Vienna, Austria
““I'HE INTERNATIONAL ATOM

SPECIAL DECEMBER 2 OBSERV-
ANCE IMMEDIATELY FOLLOW-
ING PROSPECTIVE SESSION

Exchange of Greetings with Italian Gov-
ernment via Comsat Satellite. Glenn T.
Seaborg presiding. Mandel Hall, s7th
Street and South University Avenue.

Audience must be seated by 10:50 a.m.

12:45 pm

3.00 pm

LUNCHEON
The Quadrangle Club, 1157 East 57th Stre

Speaker:
ALBERT W OHLSTETTER

Professor of Political Science, The Univer
szty of Chicago

‘A PERSPECTIVE ON THE IMPLICATIONS O
ATOMIC ENERGY

UNVEILING CEREMONY
East side of Ellis Avenue, between 56th an
s7th Streets

Unveiling of Henry Moore’s “Nucle
Energy,” a work of sculpture speciall
commissioned to observe the 25th Anni
versary of the First Nuclear Chain Reac
tion.

PHOTO EXHIBITION

The Evolution of Henry Moore’s
“Nuclear Energy”

High Energy Physics Building, 933 Ea
56th Street

RECEPTION

The Reynolds Club, s7th Street and Sout
University Avenue

DINNER

Hutchinson Commons, 57th Street and Sou
University Aveniue

MOTION PICTURE DOCUMEN
TARY ON THE CHICAGO PILE

Mandel Hall, 57th Street and South Unive:
sity Avenue



COMMITTEE FOR THE
25TH ANNIVERSARY OF THE _
FIRST NUCLEAR CHAIN REACTION

HerBERT ANDERSON, Chairman
Professor of Physics
The University of Chicago

A. ADRIAN ALBERT
Dean, Division of the Physical Sciences
The University of Chicago

Avrsert V. CREWE
Professor of Physics
The University of Chicago

CHARLES U. DALY
Vice President for Development and Public Affairs
The University of Chicago

RoBERT B. DUFFIELD
Director, Argonne National Laboratory

|
Jurian GorpsmirH

Chairman, Department of the Geophysical Sciences
The University of Chicago

Harorp Haypon
Associate Professor of Art
The University of Chicago

NorMAN HILBERRY
Professor of Nuclear Engineering
University of Arizona

RoOGER HILDEBRAND
Director, Enrico Fermi Institute for Nuclear Studies
The University of Chicago

Mark G. INGHRAM
Chairman, Department of Physics
The University of Chicago

Dr. Leon O. JacossoN
Dean, Division of the Biological Sciences
The University of Chicago

WARReN C. JOHNSON
Professor Emeritus of Chemistry
The University of Chicago

CARL W. LARSEN

Director of Public Relations
The University of Chicago
WinsToN M. MANNING

Associate Director |
Argonne National Laboratory

WiLiam H. McNELL
Chairman, Department of History
The University of Chicago :

NormaN H. NACHTRIEB
Chairman, Department of Chemistry
The University of Chicago

Rosert R. WiLsoN
Director, National Accelerator Laboratory ‘

W ALTER H ZINN

The Planning Committee

for the 25th Anniversary Observance
of the First Nuclear Chain Reaction
wishes to acknowledge with thanks

the generous support
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CP-1 IN THE RACE FOR THE ATOMIC BOMB
by
Dr. Richard G. Hewlett
Chief Historian
U. S. Atomic Energy Commission

Enrico Fermi's famous experiment in Chicago on December 2, 1942,
narked the end of the first lap in the desperate race against the Germans
for the atomic bomb.

That race had begun early in January 1939 when the world renowned physicist,
Niels Bohr, errived in New York with some electrifying news. Two German i
scientists, Otto Hehn and Fritz Strassmann, had been bombarding the heavy element
uranium with neutrons. They had discovered that the neutrons split the uranium
atoms in two, a reaction that theoretically would release tremendous amounts of
energy. Scientists the world over rushed to their laboratories to verify not
only the Cermen experiment but also the possibility that each fission might
release several free neutrons, which in turn would cause additional fissions.,

The resulits suggested the possibility of starting a self-sustaining chain reaction
which would produce energy for a variety of uses or perhaps & weapon of incredible
power.

In the United States during 1939 the discovery had little impact outside
university laboratories. American physicists explored the fission process in
bundreds of experiments, but only a few men--for the most part those who had
fled the {tyranny of Nazi Germany--saw immediate implications for the new force
on the world scene. A letter from Albert Eingtein to President Roosevelt brought
no action until early 1940, and even then Government support was hardly adequate
for a few experiments at Columbia Uaniversity.

Arguments for a cautious epproach seemed obvious. A demonstration of the
chein reaction would require more ursnium metal then then existed in the entire
western world. It seemed unlikely that the reaction would be useful as a power
source without many years of development, and in 1940 the United States still
seemed too far from war in Europe to justify expenditures for developing an
atomic weapon. An sdded deterrent was the discovery by John R. Dunning and
Alfred O, C./ Nier, and their associates that most of the fissiong occurred in
uranium 235, a lighter isotope of the element which congtitultes less than 1 per
cent of the material as found in nature. Isotope separstion was a difficult pro-
cess not yet employed on more than a lshoratory scale., Even if it could be used
©o produce uranium 235, it would be fantastically expensive.

(more)
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A small committee of Government officials working under Lyman J. Briggs,
director of the National Bureau of Standards, concluded in the spring of 1940
that the prudent course was to finance some research on isotope separation on
a very small scale and some preliminary work which Fermi and leo Szilard pro-
posed on the chaln reaction. Their idea was to assemble blocks of graphite
interspersed with lumps of uranium to form a "pile." The graphite would slow
down or "wmoderate" the neutrons coming from the fission reaction and thereby
inecrease the probability of thelr causing additional fissions in sgustaining
the chain reaction. If the plle contained a large amount of natural uranium
metal; there would be enough uranium 235 for the fission reaction. A few
experiments on isotope separation and Fermifs work with neutron reactions in
graphite constituted the whole of the Government's effort in 1940.

New forces, however, were already at work before the end of 1940. As
American involvement in the war became more likely, President Roosevelt had
turned te Vannevar Bush and James B. Conant to marshal the nation's scientists
for defense. Already interested in the uranium project, Bush revitalized the
Briggs committee before the end of the year, and early in 1941 Ernest O. Lawrence,
director of the Radiation Laboratory at the University of California, added his
energy and enthusiasm to the efforts of those who favored increased Government
support. Research by a group under Glenn T. Seaborg at Berkeley had led to
the discovery of a new man-made element later named "plutonium." Like uranium 235,
plutonium would fission and apparently could be made in the pile from the
plentiful uranium'238 isotope. If Fermi's research proved successful, the
pile might be a much better source of fissionable material than an isotope
separation plant.

The one remaining obstacle to a full-scale effort on nuclear fission was
the lack of evidence that it would have any practical application in the war
effort. Without such an assurance, Conant and Bush did not dare risk investing
already scarce resources of scientific talent and materials in nuclear research.
Two studies of research progress by a special committee of the National
Academy of Sciences in 1941 failed to reveal hopeful prospects. Then on
July 10, 1941, Bush learned that the British were convinced an atomic bomb was
feasible. They believed they could build an isotope separation plant and de-
sign an atomic weapon of reasonable size. This was the evidence Bush and Conant
had been seeking. A few days before the Japanese attack on Pearl Harbor they
recommended to President Roosevelt an all-out research effort on methods of
producing fissionable material and the bomb.

The United States had taken more than two years to join the war ageinst
Germany, and i1t seemed possible the nation was that far behind the Germans in
developing the atomic bomb. Time was of the essence. No one understood that
better than Arthur H. Compton, the distinguished physicist whom Bush had asked
Lo dircct the plutonium project. With the odds favoring the uranium 235 approach,
Compton knew he faced an awesome task. He had no laboratories, no scientists,
no equipment, and no materials, but he went to work. Within a few weeks he
had convinced many of the nation's leading scientists, including Fermi, to join
him in a new laboratory at the University of Chicago. With help from the Office
of Scientific Research and Development, he and a small group of associates
began a feverish quest for the materials necessary for the chain reaction:

. (more)
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large quantities of incredibly pure graphite and amounts of uranium metal that
staggered the imagination. He borrowed equipment and installed it in class-
rooms at Chicago.

While Compton struggled to create a laboratory for the chain reaction at
Chicago, Fermi continued to study neutron multiplication in the swall assembly
of low-grade graphite and uranium oxide at Columbia. Fermi's results were
encouraging but could not be conclusive. Despite heroic work to produce the
necessaxry materials, construction of the pile under the west stands of the Chicago
stadium ground to a halt in the fall of 1942 as the available stocks of graphite
and uranium metal were exhausted.

The day of decision was fast approaching. Convinced that the chances for
an atomic bomb were good, Bush had brought in the Army Engineers to transform
laboratory experiments into operating plants. Under the hard-driving General
Ieslie R. Groves, the pace of the Manhattan Project was quickening every day.
Groves had appointed a special committee of outstanding engineers to examine
progress on each of the four methods then being considered for producing fis-
sionable material. Unless Fermi and his team could complete the Chicago pile
(later called "CP-1") before the reviewing committee arrived in late November,
1942, Compton's drepm of producing plutonium for the bomb might be shattered.

In a-final effort to speed completion of the pile, Fermi decided to use
substandard graphite and uranium oxide for the outer regions of the assembly.
Teams of scientists working around the clock slaved over the bars of slippery
graphite. Even these extraordinary efforts seemed doomed to failure. When
the reviewing committee arrived in Chicago on Thanksgiving Day, the pile was
not yet complete. One last hope lay in the fact that the committee would
again be in Chicago after visiting Lawrence's laboratory in Berkeley. Compton
ordered Fermi to proceed at top speed. When the committee returned on the
morning of December 2, 1942, Fermi was ready. The successful demonstration
that day assured continuation of the plutonium project and kept alive the hopes
that the United States would win the race for the bomb. These hopes were
realized less than three years later, when the first assembly of fissionable
material (plutonium) was detonated at Alamogordo, New Mexico.

#
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of the
first nuclear cham reaction

december 1 and 2, 1967
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8:45 am
9:15 am

9:30 am

9:30 am

10:00 am

10:40 am
11:00 am

11:40 am

12:45 pm

program

iriday, december 1

REGISTRATION
Breasted Hall, 1155 East 58th Street

Opening Remarks
GEORGE W. BEADLE
President, The University of Chicago

RETROSPECTIVE SESSION
Breasted Hall, 1155 East 58th Street

Chairman:
H. DeW. SMYTH

United States Representative to International
Atomic Energy Agency, Vienna, Austria;
and Emeritus Professor of Physics, Princeton
University

Speakers:

HERBERT ANDERSON

Professor of Physics, The University of Chi-
cago

WALTER ZINN

Vice President, Combustion Engineering
Company

Coffee Break

EuGeENE WIGNER

Professor of Mathematical Physics, Princeton
University; and Nobel Laureate in Physics

CRAWFORD GREENEWALT
Chairman, E. 1. duPont de Nemours Com-

pany

LUNCHEON

The Quadrangle Club, 1157 East s7th
Street



2:00 pm

2:20 pm

3:00 pm

3:40 pm

6:30 pm

APPLICATIONS OF ATOMIC
ENERGY SESSION

Breasted Hall, 1155 East 58th Street

Chairman:
A1BERT V. CREWE

Professor of Physics, The University of
Chicago

Speakers:

WiLLArD F. LiBBY

Professor of Chemistry, University of Cali-
fornia at Los Angeles; and Nobel Laureate
in Chemistry.

“ATOMIC CHEMISTRY

MELVIN CALVIN

Director, Bio-Organic Division of Lawrence
Radiation Laboratory, University of Cali-
fornia at Berkeley; and Nobel Laureate in
Chemistry

“NEW KEYS TO LIFE PROCESSES’

ALvIN WEINBERG

Director, Oak Ridge National Laboratory
“THE AGE OF NUCLEAR POWER~

DINNER

The Center for Continuing Education
1307 East 6oth Street

Speaker:

EMILIO SEGRE

Professor of Physics, University of Califor-
nia; and Nobel Laureate in Physics

““THE EARLY YEARS OF ENRICO FERMI



8:4) am

saturday, december 2

PROSPECTIVE SESSION
Breasted Hall, 1155 East 58th Street

Chairman:
GLENN SEABORG

Chairman, U.S. Atomic Energy Commis-
sion; and Nobel Laureate in Chemistry

Speakers:
W. B. LEwis

Senior Vice President for Science, Atomic
Energy of Canada, Ltd.
“PROSPECT FOR HEAVY WATER REACTORS

FraNcIs PERRIN

Haut-Commissaire a I Energie Atomique,
Paris

“ATOMIC ENERGY FOR POWER PRODUCTION
IN FRANCE

A. Si1cvAarRD EXLUND

Secretary-General, International Atomic
Energy Agency, Vienna, Austria
““THE INTERNATIONAL ATOM

SPECIAL DECEMBER 2 OBSERV-
ANCE IMMEDIATELY FOLLOW-
ING PROSPECTIVE SESSION

Exchange of Greetings with Italian Gov-
ernment via Comsat Satellite. Glenn T.
Seaborg presiding. Mandel Hall, s7th
Street and South University Avenue.

Audience must be seated by 10:50 a.m.



12:45 pm

3:00 pm

4:00 pm

2:30 pm
6:30 pm

§:30 pm

LUNCHEON
The Quadrangle Club, 1157 East 57th Street

Speaker:
ALBERT W OHLSTETTER
Professor of Political Science, The Univer-
sity of Chicago
(13

A PERSPECTIVE ON THE IMPLICATIONS OF
ATOMIC ENERGY

UNVEILING CEREMONY
East side of Ellis Avenue, between 56th and
57th Streets

Unveiling of Henry Moore’s “Nuclear
Energy,” a work of sculpture specially
commissioned to observe the 25th Anni-
versary of the First Nuclear Chain Reac-
tion.

PHOTO EXHIBITION

The Evolution of Henry Moore’s
“Nuclear Energy”’

High Energy Physics Building, 933 East
56th Street

RECEPTION

The Reynolds Club, s57th Street and South
University Avenue

DINNER

Hutchinson Commons, 57th Street and South
University Avenue

MOTION PICTURE DOCUMEN-
TARY ON THE CHICAGO PILE

Mandel Hall, 57th Street and South Univer-
sity Avenue



Exhibition, CHICAGO’S
HOMAGE TO HENRY MOORE,
a selection of his drawings and
sculpture, presented by

the Renaissance Society and the
Committee for the 25th Anniversary
Observance of the First

Nuclear Chain Reaction, may be
viewed Monday through Saturday,
0:00 AM. to 5:00 p.M., December 1
through December 22, at the School
of Social Service Administration

Building, 969 East 6oth Street.



COMMITTEE FOR THE
25TH ANNIVERSARY OF THE
FIRST NUCLEAR CHAIN REACTION

HerBerRT ANDERSON, Chairman
Professor of Physics
The University of Chicago

A. ADRIAN ALBERT
Dean, Division of the Physical Sciences
The University of Chicago

ALBERT V. CREWE
Professor of Physics
The University of Chicago

Caarces U. DALy
Vice President for Development and Public Affairs
The University of Chicago

RoBerT B. DUFFIELD
Director, Argonne National Laboratory

JuLian GoLpsmiTH
Chairman, Department of the Geophysical Sciences
The University of Chicago

HarorLp Haypon
Associate Professor of Art
The University of Chicago

NorRMAN HILBERRY
Professor of Nuclear Engineering
University of Arizona

RoGER HILDEBRAND
Director, Enrico Fermi Institute for Nuclear Studies
The University of Chicago

MARK G. INGHRAM
Chairman, Department of Physics
The University of Chicago

Dgr. Leon O. JacossoN
Dean, Division of the Biological Sciences
The University of Chicago

WarreN C. JOHNSON
Professor Emeritus of Chemistry
The University of Chicago

CArL W. LARSEN
Director of Public Relations
The University of Chicago

WinsToN M. MANNING
Associate Director
Argonne National Laboratory

Wriam H. McNELL
Chairman, Department of History
The University of Chicago

NorMAN H. NACHTRIEB
Chairman, Department of Chemistry
The University of Chicago

RoBert R. WiLsoN
Director, National Accelerator Laboratory

WaLTer H. ZINN
Vice President, Combustion Engineering Company

The Planning Committee

for the 25th Anniversary Observance
of the First Nuclear Chain Reaction
wishes to acknowledge with thanks
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in this memorable experiment.
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THE
DAY
TOMORROW
BEGAN

We live in The Atomic Age. Born in wartime, the atom has grown in peace
to deliver unlimited power and unforeseen tools for medicine, industry and research.
No one can say just when The Atomic Age began. A long series of discoveries and
experiments have made it possible . . . each a step in the progression which has
brought mankind's greatest opportunities and problems.

This is the story of one memorable experiment and the scientists who were
involved. The persons you see in this film, the voices you hear, are real. These
are the people who opened The Atomic Age, and this is one experiment - - the story
of CP-1, THE DAY TOMORROW BEGAN.



Neils Bohr

It is December 2, 1942, The University of Chicago - - "birthplace'" of The
Atomic Age. Here, behind the vine-covered walls of an almost abandoned football
field the government has already begun work on the most important device ih modern
history. Never before, and perhaps never again will a single effort so profoundly
affect the future of mankind.

Here, in this unimpressive building are gathered part of the elite corps of
world scientists who are building the bomb. From every part of the world they have
come since 1939, to join forces with American scientists. Never has such an array
of scientific talent been devoted to a single problem. For in Europe a desperate
battle rages and the Third Reich threatens to overwhelm the world.

Among the first to feel the effects of the Nazi regime and understand its
threat were the Jewish scientists. One by one they left Europe for Britain, Canada,
and most of all the United States. With them came Italian Nobel prize winner, Enrico
Fermi, whose wife was Jewish.

Fermi was an unusual person. He combined experimental skill with theoretical
talent and intense personal drive. Swimming, mountain-climbing, skiing; he was
always eager for a new challenge.

Only a few days after the Fermis, there arrived in New York the most famous
nuclear scientist of the time, Neils Bohr - - the Father of Atomic Theory. Almost
everyone in the field had studied or worked with Bohr. Together with Professor
John Wheeler at Princeton University, he developed the first theory of fission and
debated the possibility of making the bomb . . .



James Conant

John Wheeler

Leo Szilard

Vannevar Bush

‘I particularly remember the room down the hall, where he was telling us,
‘No, the bomb will not be possible. In principle, you could separate
Uranium-235 and make a bomb; but in fact, to do it would take the whole
energies of a complete nation.” Of course he was only too right; it took
the efforts of three nations to build it.”’ ... John Wheeler

At Columbia University, Fermi was joined by another prominent physicist,
Leo Szilard. Brilliant and volatile, Szilard was almost the antithesis of Fermi. He
never lectured . . . never kept a schedule . . . a brilliant mind connected to a pair
of hands that were never soiled in a laboratory.

As the atomic fraternity collected, American scientists were made keenly
aware of the German threat. James Conant, President of Harvard, and Vannevar
Bush, President of the Carnegie Institution, were already organizing government
support for scientific research. To the theoreticians at Princeton and Columbia
Universities were added the formidable talents of men like Arthur Compton, Chairman
of the Physics Department at The University of Chicago, and Ernest Lawrence,
Director of the University of California Radiation Laboratory and inventor of the
cyclotron.

Here was an American breed of scientists, experienced in the construction of
impressive hardware, conscious of world politics, and determined to enlist govern-
ment support.



Laura and Enrico Fermi

By the end of 1939 (two years before most Americans would become seriously
involved), they had already organized a coordinated program to investigate atomic
energy, and had imposed a voluntary program of secrecy . . .

“‘Pretty soon it was the time when they started talking of the possibility
of a chain reaction. Enrico explained it to me, and shortly after that they
stopped talking about it. They imposed secrecy on themselves and then
I didn’t hear anything more for years until the Smythe Report.”” Laura Fermi

Thus began the race to unlock the power of the atom . . . to harness it. . .
to build the bomb.

And just what is this phenomenon? What is atomic energy ?

All the universe is made of atoms . . . big ones . . . little ones . . . eacha
cloud of electrons around a little bundle of matter called the nucleus. Every atom is
built this way, but in uranium a few of the atoms are different - - they are U-235.
The energy in a few pounds of U-235 is equivalent to hundreds of thousands of tons
of dynamite.

If we could separate the U-235, the results would be fantastic! A bomb . . .
a single bomb, powerful enough to destroy most cities . . . a bomb big enough to end
the war with a single blow.

In natural uranium there is very little U-235. There is no way to make a
bomb with natural uranium. But if we make a big enough block of uranium, so



Glenn Seaborg

enough U-235 will be present, it should be possible to start a chain reaction, and for
the first time, release atomic energy. Convinced that this was possible, Fermi and
Szilard undertook to build such a device.

In the meantime, at Berkeley, a team working under Lawrence had made a
vital discovery. Using the cyclotron, future Nobel prize winner, Glenn Seaborg,
produced a submicroscopic speck of an entirely new element, Plutonium. From in-
credibly small samples it was possible to determine that here was a new manmade
element which could substitute for U-235. The discovery made the Fermi-Szilard
experiment more important than ever. If successful, the chain reaction could produce
plutonium in unlimited quantities.

Furthermore, U-235 was almost impossible to separate from natural uranium.
But plutonium . . . plutonium could be separated chemically. Here was the ultimate
material to make the bomb . . .

““The sample that was isolated as a result of bombarding these hundreds
of pounds of uranium with neutrons at Berkeley and St. Louis, was finally
isolated and in pure enough form to weigh a few micrograms on September
10, 1942, by special balance . . . the only balance in which a quartz
fiber is suspended at one end and comes out like this, with a weighing
pan hanging from that end and then the sample put on that weighing pan,
depressed the quartz fiber, and the amount that the quartz fiber went
down because of the weight in the weighing pan could be calibrated to
correspond to the weight of the sample. And using that, the first sample
of plutonium to be weighed was found to weigh 2.77 micrograms.” . . .
... Glenn Seaborg



‘“This was an absolutely fantastic idea, not merely to make a bomb, bqt
to make 1t out of an element that had never existed before. And the manu-
facture of this new element, this idea of synthesis was so préposterous
that you could say, ‘How is anybody mad enough to think it could be
carried through?’, as it was.”’ . . . John Wheeler

So this is the problem: make a chain reaction; to make plutonium; to make a
bomb; to end the war.

In Columbia, in Princeton, in Chicago, the plan is set. To make a chain
reaction we must suspend lumps of uranium within a nuclear catalyst called a
moderator. Heavy water would be the best moderator, but there is none in the
United States.

And perhaps we are already too late. In Germany, other physicists have a
year headstart. In Czechoslovakia, they acquire a major supply of uranium ore.
And in Norway they acquire the world's only significant source of heavy water. The
combination was ominous. While the British set out to destroy the Norwegian plant,
we search desperately for a substitute.

At Columbia, Fermi and Szilard, Anderson and Zinn, make the first tentative
tests of a new moderator material - - graphite. A four-inch-square bar of filthy,
dirty, slippery carbon - - good for pencils; good for making arc lamps; good for
oiling locks; and now good for splitting atoms.

Cut the long rods into blocks; drill them with holes; and fill the holes with
uranium. Then take the bricks and build a pile. The result: a graphite cake filled
with uranium raisins. Is it really this easy? Well, no.




General Leslie R.

Groves

There really isn't any uranium metal to speak of. In the whole United States

there is less than a couple of ounces. Not enough uranium . . . not enough graphite
. . but there is enough to assemble about an eight-foot cube, and from this we can
take some measurements.

But the uranium is not good enough; the graphite is not pure enough. Over and
over small piles are assembled, always testing newer and purer materials.

About this time, British scientists reached a dramatic conclusion: they
estimated that as little as 20 pounds of U-235 could make a bomb. Conant and Bush
were convinced. They launched an all-out effort to produce the bomb, only one day
before Pearl Harbor.

Four parallel crash programs were begun. Three concentrated on techniques
to separate U-235. The fourth, the Plutonium Project, was placed under the super -
vision of Nobel Laureate, Arthur Compton. No longer was plutonium production a
laboratory experiment; now it was a military program . . .

“l met Dr. Compton at that time and of course, like everyone who met
Dr. Compton, you could not help but be impressed by his enthusiasm, his
earnestness, and his complete confidence in success.

I spent the morning going around the laboratory, and after considerable
discussions with Dr. Compton, was impressed with the idea that they had
of attacking their problem in all sorts of different directions and not
arriving at a decision.

For example, they had five different methods that they were talking about
for cooling the pile. Now it just wasn’t practical from the management
standpoint and engineering standpoint, as well as the research angle, to
proceed on five different things when there wasn’t any advantage to be
gained from it.”” . . . General Leslie R. Groves
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Frank Spedding

Within weeks, Compton's crash program to develop a plutonium - producing
pile had committed over a million dollars. Although no one had yet achieved a chain
reaction, he laid out a time-table for completion of the project: by January 1943, to
achieve the first chain reaction; by January 1944, to separate the first plutonium; by
January 1945, to deliver the first bomb.

It seemed certain by now that sufficiently pure materials would sustain a
chain reaction. But it was not at all clear whether such materials could be produced.
The most minute impurity could effectively block any reaction.

There was only a single producer of large quantities of graphite: the National
Carbon Company. And in Canada, the only significant uranium mine in the Western
Hemisphere was being activated to produce uranium in large quantities.

Until now, uranium had been only a scientific curiosity - - a metal powder
which occasionally burst into flames spontaneously. At Iowa State University,
Frank Spedding, a chemist who had worked with similar materials, developed a new
technique for producing the metal. Into containers was loaded a mixture of calcium
and uranium salt. When ignited, the reaction produced a heavy ingot of substantially
pure uranium . . .

““There was a great deal of curiosity on the campus as to what we were
doing, particularly as once in a while one of our retorts would blow up
and with the magnesium, which is what you use in flash powder, it would
light up the whole building and it gave an illusion -- this light was so
bright, that the building swelled up and then sunk back. The college
press office was right across the street from this building, so naturally
their curiosity was very great. But nobody would talk so they didn’t
know what was going on.’’ . . . Frank Spedding



Now Compton was sure the pile would work. Rather than wait for an actual
demonstration, he recommended building a plutonium plant immediately.

“I told Compton that the only one that I knew of that could do the job was
DuPont. And I talked to the DuPont people and it was arranged; finally
they agreed that they would do the job.”’ . . General Leslie R. Groves

“Well, I must say that this whole field was so new to us and so strange
that we weren’t sure whether these people were crazy or whether they
weren’t. It was completely unprecedented. The only thing we felt we
could add to it actually, was our knowledge and experience in designing
and operating plants of great substance and great magnitude. So that we
had been impressed with the enormous importance of this venture in
terms of winning the war.

Furthermore, we recognized this was a potential engine of great destruc-
tive power and we didn’t want to make any money out of it. So we decided
as a matter of patriotism, if you want to use that somewhat hackneyed
word, that we should devote our talents to the service of our government
at a critical time; we should devote our talents without trying to earn a
fee, small or substantial, out of it.”’ . . . Crawford Greenewalt

Crawford Greenewalt

November . . . and the pile begins. Not another "test' this time, but a full-
scale attempt to start a chain reaction. This will be the 31st pile . . . bigger . . .
and with better materials. If the new pile is big enough, it ought to ''go."
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But because there is so little material, so variable in quality, we must be
miserly . . . make every bit of uranium count. No rectangular pile this time . . .
we need the most efficient pattern for our small supply of material: round. In the
middle where it will do the most good, we will put the uranium metal. Around this,
we will put the "weaker' uranium oxide. . . .always with the best material toward
the center and poorer toward the outside.

And of course as always, the material must be formed in lumps, and between
these, the graphite moderator. Under and around the graphite is wood . . . to carry
the load and fill in the corners of the big block. And what if there isn't quite enough
material . . . or what if the material isn't quite good enough . . . then what? We
can do one last thing: we can take out the air between the bricks. So "just in case,"
we order from Goodyear a square balloon, just the right size to fit around the pile of
carbon blocks. And if we must, we'll pump out the air!

As fast as material arrives it is sawed and planed, drilled and turned and
pressed . . . and stacked in the ever-growing pile. Here are actual photographs
taken as the pile progressed. Layer on layer of graphite bricks . . . and uranium
eggs. But size is not enough. Because if it works, this pile, Chicago Pile Number
One, will need to be controlled . . . here's how.




Walter Zinn

Into the pile we will add rods of cadmium which soak up neutrons. As long as
these rods are in the pile, there can be no reaction. But pull them out . . . push
them in . . . these are the control rods which will turniton. . . and turn it off.

There are three sets: first, a set of motor-driven rods, controlled from the
balcony. These will be used for a coarse control of the reaction. Second, one
additional rod for fine control. This will be pulled out by hand. Last, running right
through the center of the pile is an emergency rod. In case of trouble, this emer-
gency rod will be pulled into the pile by a rope attached to a heavy weight.

Day by day the pile grows higher. Week after week the crews work at making
the graphite bricks, and pressing the lumps of uranium oxide. This is not a little
experiment . . . 400 tons of graphite! 50 tons of uranium! 40,000 bricks to be
sawed and planed and drilled and stacked! 22,000 uranium slugs to press and place!

““Graphite was being received from several manufacturers. And this mater-
ial, when it arrived, was in rather an unusable form. Because as it was
made, it had surface roughness and actually a little distortion in the bars
of graphite, which didn’t permit its direct use. So these bars had to be
machined, and we set up a machining facility. The word facility is a little
bit grand for what we had; we simply put some machines and some ven-
tilation into a room in the squash court and proceeded to square up the
bars and cut them to the right lengths.”’ . . . Walter Zinn

13
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Leona Libby

‘“‘My objective was always to equal or better the performance of Zinn
during the day, so my group always put on the same number, or one more
layer and then we went home. So it wasn’t really a twenty-four-hour shift,
but it was more like sixteen or eighteen hours, or something like that.” .

Herbert Anderson

“Now Wally Zinn wouldn’t let me work at the squash court because, you
see, everybody wore overalls and goggles and a mask against the dust.
So everybody looked alike. And a miner’s cap -- you know, a regular
striped blue-ticking workman’s cap. So everyone looked alike. And he
said in case he had to say nasty words to somebody, he didn’t want it to
be a girl. So I was excluded from the actual construction, although | was
in and out every day with calibrations and measuring the growing neutron
flux of the reactor as it added layer by layer.

It was a very hard-driving operation. There were milling machines to drill

the graphite blocks. There were people cutting the graphite, carrying it,

stacking it, drilling it; and of course, there was graphite dust everywhere
. everything was black.”’ . . . Leona Libby

‘I remember one night when we were pushing these things . . . we used
just ordinary woodworking tools, you see . . . and we were pushing these
through the . . . through the planer, and here was Enrico Fermi, stripped
to the waist, pushing these graphite blocks through the shaper, just
glistening absolutely black, clear to his waist. Well, just throwing graph-
ite dust in every direction. He could have had a part in Othello that
would have made him internationally recognized as one of the artistes of
all time. Just . . . if one could have had a colored photograph, it would
have been worth many fortunes.’”’ . . . Norman Hilberry



Norman Hilberry

December 2, a cold winter day, and under the stands the steam lines have
quit working. In the beastly cold with the snow creaking underfoot, the scientists
gather. And now the test begins.

The first control rods are pulled out, and the emergency rod is tied in place.
Step by step . . . inch by inch . . . Fermi calls for the control rod to be withdrawn.
Bit by bit the rod is pulled, and each time the intensity rises. Each time Fermi
predicts the level where the rise will stop . . . closer and closer to the point where
it will not stop. By the rail, Norm Hilberry stands ready with a hatchet to cut the
line holding the emergency rod . . .

““Quite frankly, it never occurred to me that the axe would really have to
be swung, any more than | am sure it ever occurred to Al Graves and
Company that they would ever throw these damn bottles down because
they saw some glow . . . Norman Hilberry

Above the pile, just in case, are bottles of cadmium-salt solution, ready to
flood the pile and stop the reaction in case of trouble . . .

““And the last words Fermi said to him were, ‘Now this is the final emer-
gency. If the thing gets away from us, you’re to break this. But | want
you to watch me, and if I drop dead, then you’re to break it. If I’'m alive,
I’ll use the sledge-hammer on you.”” . . . Frank Spedding
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Now, one last pull and the rise will not stop. The counters will continue to
rise until we choose to turn it off . . .

““And at a certain point the safety controls which had been set to a
certain maximum flux began to give a bell signal. But people wanted it
still to go a little higher, so they simply pulled the wires off the bell
signal so it didn’t ring, and went a little higher.

And then Enrico said: ‘Put the control rods in.” But it was quite clear

it was the answer to everyone’s hopes and dreams. I don’t know, but
there was absolutely dead silence. Nobody said anything. Then some-

what later, after the control rods were all put to bed and the charts
were pulled out and clipped off and so on, Eugene Wigner showed up
with the famous flask of Chianti, about like this, and he poured into a
paper cup and everyone drank it very quietly. There was no toast . . .

nothing . . . no remarks . . . very dramatic . . . the most effective kind
of drama at that point.

I am sure everyone was thinking immediately ahead to the bomb from that
minute on . . . We were in a war . . . My brother was running a flame-
thrower in Okinawa when we dropped the bomb on Japan. Maybe we
needn’t have done it, but if we’d had an invasion, it’s clear there would
have been millions of casualties on both sides. And my brother would
have been in the first wave of the invasion.”” . . . Leona Libby




” We live in The Atomic Age ‘Tomorrow's power is here, and we will live
t W to see most of our electricity come from the atom. Huge plutonium-producing
reactors, direct descendants of CP-1 will make their own fuel, and desalt water
to irrigate the desert. Tomorrow's medicine begins with the atom. In chemis-
try and industry we benefit more and more from the new technology. And who
can say where it all began.
; We are all part of a silver chain that leads from Greece and stretches
~ out of sight. CP-1 was not the "key that unlocked the door." Rather, it isa
shining link in a complex and elaborate chain of events . . . a gleamingmarker.
on a rising curve of scientific knowledge which has changed the world.

- Who can say when The Atomic Age began. CP-1 is a convenient poin
isay: IT BEGAN ABOUT HERE.

T
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hree questions

About the sustained nuclear chain reaction

1. How would the development of atomic energy have
gone, if it hadn’t been for the war?

2. Who invented the chain reaction, anyway? (Since this
is just a question of fact that some of you may know, I
also ask Question 2B: When was the invention made?)

3. This question is really a pointed one which I like to
raise whenever I stand in front of a captive audience with
representatives from government and business: How im-
portant do you consider that the role of knowledge-
oriented science was in the development of nuclear

energy?

Herbert Anderson

While you are thinking about how you might answer
those questions, I'll take you back in history.

[t’s always difficult to know where history begins. But
in my own mind, the story of the development of the
chain reaction begins in Sweden. It begins with Otto
Frisch, and I thought it would be appropriate to let you
have the description of that beginning in his own words:

This is where I came in, because Lisa Meitner was lonely
in Sweden and as her faithful nephew, I went to visit her at
Christmas. There in a small hotel in Kungalo, near Gote-
borg, I found her at breakfast, brooding over a letter from
[Otto] Hahn. I was skeptical about the contents—that
barium was formed from uranium by neutrons, but she kept
on with it.

We walked up and down in the snow, I on skis and she on
foot, and gradually the idea took shape that this was no
chipping or cracking of a nucleus but rather a process to be

explained by [Niels] Bohr’s idea that the nucleus was like a
liquid drop. Such a drop might elongate and divide itself;

Dr. Anderson, professor in the Department of Physics and
the Enrico Fermi Institute of Nuclear Studies, was an
original member of the team which achieved the first
sustained release of nuclear energy. The accompanying
article, recalling some little-known aspects of that 