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" Odd Coupl

and the B Omb

Like a story by Victor Hugo as told to Neil Simon, the events leading up to
the first controlled nuclear chain reaction involved accidental encounters
among larger-than-life figures, especially two who did not exactly get

along—but had to

n the eve of World War II, European physicists

Enrico Fermi and Leo Szilard both moved into

the King’s Crown Hotel, near Columbia Univer-
sity in New York City. Although they had previously ex-
changed letters, they met by chance at the hotel in January
1939. The encounter led to one of the more colorful—and
contentious—partnerships in the history of science.

Each man was a refugee from European fascism, and each
possessed essential pieces to the puzzle that would ultimately
release the energy of the atom. They quickly realized, howev-
er, that a joint effort would require them to overcome deep
differences in their worldviews, work styles and basic person-
alities. Had Fermi and Szilard failed to persevere in their often
uncomfortable collaboration, the world’s first controlled nu-
clear chain reaction would not have been developed by 1942,
and the Manhattan Project would not have built the first
atomic bombs by 1945. As Szilard later reflected, “If the na-
tion owes us gratitude—and it may not—it does so for having
stuck it out together as long as it was necessary.”

Crossed Paths

he 38-year-old Enrico Fermi had just arrived in New

York from Rome. The trip included a stop in Stockholm
to receive the 1938 Nobel Prize in Physics, for work in which
he had bombarded the element uranium with neutrons, which
created new transuranic (heavier-than-uranium) elements.
Fearing new racial laws in fascist Italy, Fermi and his Jewish
wife decided against returning home. Instead he accepted one
of four American offers and took a job at Columbia.

Leo Szilard, a 40-year-old Hungarian Jew, came to New
York by a more circuitous route. He left his native Budapest
in 1919 for Berlin, where he studied and worked with Albert
Einstein. Initially, the two shared some ideas and several
patents for an electromagnetic refrigerator pump [see “The
Einstein-Szilard Refrigerators,” by Gene Dannen; SCIENTIFIC
AMERICAN, January 1997]; two decades later their relation-
ship would take on vast historical significance.

When Adolf Hitler took power in 1933, the wary Szilard
fled to London. That same year, he conceived the idea for a nu-
clear “chain reaction” that, according to his 1934 patent ap-
plication, might produce “electrical energy” and possibly “an
explosion.” Such chain reactions would eventually take place
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in nuclear power plants and in nuclear weapons. First, howev-
er, an element that could foster a chain reaction would have to
be discovered. After four years of failed experiments at the
University of Oxford and then at the universities of Rochester
and Illinois in the U.S., Szilard, too, came to Columbia.

Fermi was a rigorous academic whose life centered on a
brilliant physics career; he had little interest in politics. A
homebody, he soon moved his family from the King’s Crown
to a house in suburban New Jersey. He awoke at 5:30 each
morning and spent the two hours before breakfast polishing
his theories and planning the day’s experiments. Rare among
20th-century scientists, Fermi was a gifted theoretical physi-
cist who also enjoyed working with his hands. When not lec-
turing, he toiled in the laboratory with his dedicated assis-
tants, making and manipulating equipment.

An unemployed “guest scholar” with no classes or lab of
his own, the bachelor Szilard rarely taught, published infre-
quently and dabbled in economics and biology. He lived in
hotels and faculty clubs and enjoyed soaking for hours in the
bathtub to dream up fresh ideas. (One later inspiration was
that the National Science Foundation should pay second-rate
scientists not to conduct research.) Szilard read newspapers
avidly, speculated constantly about financial, political and mil-
itary affairs, and always kept two bags packed for hasty es-
capes from any new eruptions of fascism.

A late sleeper, he often appeared at Columbia only in time
for lunch, after which he would drop in on colleagues, posing
insightful questions and suggesting experiments they should
try. “You have too many ideas,” future physics Nobel laure-
ate Isidor Isaac Rabi finally said to him. “Please go away.”

The late Massachusetts Institute of Technology physicist
Bernard Feld worked with Fermi and Szilard as the latter’s re-
search assistant at Columbia. He summed up the two men:
“Fermi would not go from point A to point B until he knew
all that he could about A and had reasonable assurances
about B. Szilard would jump from point A to point D, then
wonder why you were wasting your time with B and C.”

Within days of the chance meeting between Fermi and Szi-
lard at the King’s Crown Hotel, Danish physicist Niels Bohr
landed in New York with important word from Europe:
physicist Lise Meitner, a Jew who had fled from Germany to
Stockholm, had determined that Berlin chemists Otto Hahn
and Fritz Strassmann had caused uranium to undergo “fis-
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sion” via neutron bombardment. They
had split the atom. (In 1966 the three
would win the Enrico Fermi Award for
this work.) Bohr’s report helped Fermi
come to a more complete understanding
of his own 1934 uranium experiments;
in addition to creating transuranic ele-
ments, he had unknowingly split atoms.

To Szilard, the news was more omi-
nous. He realized that uranium was the
element that could fuel the chain reac-
tion described in his 1934 patent appli-
cation. Betting on his political insight, he
had assigned that patent to the British
Admiralty in secret, lest he alert German
scientists to the possibility of atomic ex-
plosives. The discovery of fission con-
firmed Szilard’s fears that an atom bomb
could soon be a decisive reality.

The notion of the nuclear chain reac-
tion had first come to Szilard while he
was standing on a London street corner
in 1933. The neutron had been discov-
ered only the previous year, and physi-
cists now thought of the atom as resem-
bling a solar system, with negatively
charged electrons orbiting a nucleus of
positively charged protons and neutral
neutrons. Having no charge, a neutron
hurled at an atom might stealthily pene-
trate the nucleus without being repelled.
Szilard imagined that if a neutron hit a
nucleus and split the atom, the breakup
might release the binding energy that
holds the atom together. Some of that
atom’s neutrons might in turn be re-
leased, which could hit and split other
atoms. If more than one neutron was re-
leased from each split atom, the process
could exponentially expand, with mil-
lions of atoms splitting in a fraction of a
second and freeing vast amounts of en-
ergy. (Szilard would later learn that
Bohr’s news enabled Fermi likewise to
envision a chain reaction, although he
considered one extremely unlikely.)

While Szilard was filing his patent in
1934, Fermi was in Rome, becoming
the world’s expert on neutron bombard-
ment of atoms. He found that by pass-
ing the neutrons through paraffin wax
he could slow them down, increasing
the chance that they would be absorbed
by the target nucleus. His work with
uranium was puzzling. Sometimes the
nucleus absorbed neutrons. (Because
atomic identity is governed by the num-
ber of protons, the neutron absorption
produced only heavier variants, or iso-
topes, of uranium.) But sometimes neu-
tron bombardment created entirely new
elements. German chemist Ida Nod-
dack, following Fermi’s experiments in
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journal reports, suggested a chemical
analysis of the new species to see if they
were the fragments of split atoms. But
Fermi, concentrating on the physics of
bombardment and absorption, did not
pursue the implications of those new el-
ements. Had he done so, he might have
recognized nuclear fission years before
Meitner.

At Columbia in the spring of 1939,
Fermi and Szilard each tried experi-
ments aimed at a better understanding
of fission. Szilard offered Canadian
physicist Walter Zinn a radium-berylli-
um neutron source he had just ordered
from England. With it, Zinn and Szilard
showed that more than two neutrons
escaped during fission. Fermi and his as-
sistant Herbert Anderson tried a similar
experiment using a more powerful
radon-beryllium source, with inconclu-
sive results. Szilard guessed that the
source was too strong, enabling some
neutrons to pass right through the nu-
cleus and making it hard to know if
they were counting neutrons from fis-
sion events or merely the original neu-
trons. Szilard loaned Fermi his English
neutron source, which gave much clear-
er results.

The two men then attempted to work
together—with a resounding clash of
individual styles. Szilard shunned man-
ual labor in favor of brainstorming, but
Fermi expected all his team members to
participate in hands-on experiments.
Although the men respected the other’s
abilities, they bristled in the other’s com-
pany. Recognizing their mutual need,
however, they reached out to Columbia’s
physics department chairman, George
Pegram, who agreed to coordinate their
separate work. Pegram’s shuttle diplo-
macy harnessed Fermi’s precision and
Szilard’s prescience. With Anderson,
the combative colleagues succeeded in
determining that by using slow neu-
trons “a nuclear chain reaction could
be maintained.”

Building the Chain

Although collisions between Fermi
and Szilard were all too common,
collisions between neutrons and nuclei
were at first too rare. Passing the neu-
trons through so-called moderators,
such as Fermi’s paraffin, helped to slow
them, making their collision with an
atom’s nucleus more likely. By 1939
physicists also knew that “heavy water”
was an efficient moderator. Ordinary, or
“light water,” consists of two hydrogen
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atoms and an oxygen atom, the familiar
H,O. In heavy water, two heavy iso-
topes of hydrogen, called deuterium,
unite with the oxygen. (Heavy water is
still used as an effective moderator for
natural uranium fuel in today’s nuclear
reactors, whereas light water is used for
enriched uranium fuel.) But heavy water
was expensive and scarce. The large-
scale experiments that Szilard had in
mind would require a more common
and affordable moderator. He would
discover one that his German counter-
parts had overlooked.

As Szilard had feared, German atom-
bomb research was well under way by
the spring of 1939. Both German and
American physicists also recognized
that graphite—the soft form of carbon
that is used as pencil lead—could be a
moderator. But German scientists gave
up on it because it absorbed too many
neutrons; they instead concentrated on
heavy water, always in short supply. Szi-
lard, who often personally took trains to
Boston or Buffalo to procure raw mate-
rials for Fermi’s experiments, realized
that commercial graphite also contained
small amounts of boron—a voracious
absorber of neutrons. He ordered cus-
tom-made, boron-free graphite, which
eventually led to one of the most caustic
Fermi/Szilard confrontations.

Anderson measured neutron absorp-
tion in the pure graphite and found that
it would indeed make a good modera-
tor. Szilard recommended that the test
results remain secret. Fermi, ever the
professional scientist, objected to the
breach of the long-standing academic
tradition of peer-reviewed journal publi-
cation. “Fermi really lost his temper,”
Szilard would later recall. “He really
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PATENT awarded to Szilard in England for the chain reaction idea was assigned to the
British Admiralty and remained secret until after the war. A U.S. patent for the actual
reactor was awarded jointly to Fermi and Szilard.

thought this was absurd.” Pegram once
again interceded, however, and Fermi
reluctantly agreed to self-censorship un-
der these special circumstances.

With the graphite moderator, Fermi
thought there might now be at least a
ray of hope for a self-sustaining chain re-
action. On the question of how realistic
that hope was, Fermi and Szilard had
also shown distinctly different modes of
thinking. Szilard fretted that the Ger-
mans were ahead in a nuclear arms race;
in the American vernacular that Fermi
enjoyed trying out, he reacted to Szilard’s
speculation with “Nuts!” Fermi thought
that any atom bombs were perhaps 25 to
50 years away and told colleagues that

The Science of War: Nuclear History

actually creating the self-sustaining chain
reaction was “a remote possibility” with
perhaps a 10 percent chance.

“Ten percent is 70t a remote possibili-
ty if it means that we may die of it,”
Isidor Rabi replied. Szilard noted how
differently he and Fermi interpreted the
same information. “We both wanted to
be conservative,” Szilard later recalled,
“but Fermi thought that the conserva-
tive thing was to play down the possibil-
ity that this may happen, and I thought
the conservative thing was to assume
that it would happen and take the nec-
essary precautions.”

These precautions included Szilard
borrowing $2,000 to support Fermi’s
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research. Nevertheless, in the summer
of 1939 Fermi showed his relative lack
of concern over the implications of nu-
clear research by leaving for the Univer-
sity of Michigan to study cosmic rays.
The world’s first successful design for a
nuclear reactor was thus created neither
in a lab nor a library but in letters.

Szilard, typically, urged starting “large
scale” experiments “right away.” Fermi,
typically, remained skeptical. Szilard
proposed stacking alternating layers of
graphite and uranium in a lattice, the
geometry of which would define neu-
tron scattering and subsequent fission
events. Fermi countered with a homo-
geneous design in which the uranium
and graphite would be mixed like grav-
el. The suggestion angered Szilard, who
concluded that Fermi preferred it only
because it was an easier configuration
about which to make calculations. Fer-
mi responded that further reflection had
convinced him of Szilard’s lattice idea.
Once sold, Fermi applied his substantial
ingenuity to determining the lattice’s
physical properties and coordinating
the personnel necessary to make a reac-
tor.

Friends in High Places

zilard recognized that despite his and

Fermi’s brainpower, they would still
need help from important allies for their
collaboration to succeed. They would
get it from an unlikely trio: Franklin D.
Roosevelt, J. Edgar Hoover and Albert
Einstein.

During the summer, Szilard learned
that Germany was restricting uranium
supplies. He assumed that this indicated
fission research and wanted to alert the
federal government. With the instincts
of a public relations expert, he turned to
his mentor and friend Einstein, who
was living at a summer cottage on Long
Island, about 70 miles east of New York
City. Szilard told the renowned physicist
about the chain reaction. “I haven’t
thought of that at all,” Einstein replied,
seeing at last a mechanism that might
make real the mass-energy conversion
of his famous equation.

Szilard made two visits to Einstein,
the second to discuss a letter for him to
sign. “Szilard could do anything, except
he could not drive a car,” recalls his sec-
ond-trip chauffeur, a fellow Hungarian
refugee scientist. “And I could drive a
car. And, therefore, I drove Szilard to
the summer place.... Einstein was a de-
mocrat in that he invited not only Szi-
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lard for a cup of coffee but also his driv-
er.” Edward Teller was thus present
when Einstein, wearing an old robe and
slippers, read and agreed to sign the
now well known letter to President
Roosevelt. The letter, dated August 2,
1939, began, “Some recent work by E.
Fermi and L. Szilard....” It proceeded
to warn of German atomic weapons re-
search and urged the U.S. to do its own.

Szilard passed the letter to investment
banker Alexander Sachs, who was a
New Deal adviser and had access to the
president. World War II began on Sep-
tember 1, and in October, when Roo-
sevelt finally received the letter, he
agreed that some action was needed “to
see that the Nazis don’t blow us up.” To
that end, he created a federal Uranium
Committee, with Szilard and other émi-
gré scientists as members. Within weeks
they had gained a commitment of
$6,000 for research at Columbia.

After the war, Einstein said he had “re-
ally only acted as a mailbox” for Szilard.
In 1940, however, Einstein was once
again forced to play a decisive role when
the U.S. Army almost denied Fermi and
Szilard security clearance. Investigators,
basing their conclusions on information
from “highly reliable sources,” came to
the paradoxical conclusions that Fermi,
a refugee from fascism, was “undoubt-
edly a Fascist” and that Szilard, in terror
of the Nazis, was “very pro-German.”
Perhaps Szilard’s cries that Germany
could win the war accounted for the lat-
ter misinterpretation. (The report also
spelled Szilard’s name in two different
ways, both of which were wrong.) The
army decided of each man that “em-
ployment of this person on secret work
is not recommended,” despite the fact
that the only secret work in question in
the U.S. at the time was taking place in
the minds of Fermi and Szilard.

Had the army been heeded, of
course, funds would have run out, and
all the embryonic federal atomic re-
search by Fermi and Szilard would
have ceased. This mistake was averted
when the Federal Bureau of Investiga-
tion, under pressure from the White
House, was ordered to “verify their loy-
alty to the United States.” FBI director J.
Edgar Hoover sent agents to interview
Einstein (whose pacifist views would
later cause his own loyalty to be ques-
tioned). With Einstein’s good word, fed-
eral money flowed in to Columbia in
November 1940, although suspicions of
Fermi and Szilard would abate only
years after they became U.S. citizens.

Funding in place, Fermi’s team now
worked systematically to construct
“piles” (Szilard’s lattice) of uranium and
graphite, to test for the ratio and geom-
etry that would optimize a chain reac-
tion. The day before the Japanese attack
on Pearl Harbor, President Roosevelt
approved an all-out federal commit-
ment to research the A-bomb. In the
spring of 1942 Fermi, Szilard and the
rest of the Columbia team moved to the
University of Chicago, where they es-
tablished a top-secret “metallurgical
laboratory” for chain-reaction research.
The army’s Manhattan Project took
over control of the effort in June. Ironi-
cally, at this same moment in history,
Germany scaled down its own A-bomb
work, convinced that the undertaking
was impractical for the current war.

In the fall, a pile was constructed, with
uranium spheres embedded in graphite
blocks. On December 2, 1942, in a
squash court under Stagg Field, the uni-
versity’s football stadium, Fermi directed
the experiment that initiated the world’s
first controlled, self-sustaining nuclear
chain reaction. After the historic experi-
ment, Fermi and Szilard found them-

selves alone with their reactor. They
shook hands, Szilard remembered, “and
I'said I thought this day would go down
as a black day in the history of man-
kind.”

Later Conflicts and Harmony

Near the war’s end in 1945, Fermi
and Szilard differed once again.
Szilard had hastened the A-bomb’s de-
velopment as a weapon of defense
against Germany. With Hitler’s defeat,
Szilard argued that the bomb should not
be used offensively against Japan but in-
stead be demonstrated to encourage sur-
render. Fermi, as scientific adviser to the
administration’s high-level committee on
options for bomb use, argued that a
demonstration would be impractical.
The administration agreed, with the sub-
sequent August devastation of the cities
of Hiroshima and Nagasaki.

After the war, Fermi favored continu-
ing army control of atomic research,
while Szilard successfully lobbied Con-
gress for a new, civilian Atomic Energy
Commission. The two men found com-
mon ground in opposition to Szilard’s
old friend Teller in 1950, when both
objected to U.S. development of the hy-
drogen bomb. Fermi called the H-
bomb “a weapon which in practical ef-
fect is almost one of genocide.”

A joint patent for the Fermi-Szilard
“neutronic reactor” was first published
in 1955, a year after Fermi’s death. Szi-
lard pursued molecular biology and nu-
clear arms control until his death in
1964. Fermi summed up Szilard by call-
ing him “extremely brilliant” but some-
one who “seems to enjoy startling peo-
ple.” Szilard reflected on Fermi by writ-
ing, “I liked him best on the rare
occasions when he got mad (except of
course when he got mad at me).”
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