X. Enrico Fermi

“Se queste interpretazioni sono corrette, si avrebbe qui la formazione artificiale di elementi radioattivi
che emettono normali particelle “beta” a differenza di quelli trovati dai Joliot che emettono invece posi-

troni.”'®

Enrico Fermi was born in Rome, Italy on the 29th
of September 1901. He was the third child of Ida de
Gattis (1871-1924), an elementary school teacher who
married (1890) Alberto Fermi (1857-1927), an inspec-
tor in the Ministry of Railways. His maternal grandfa-
ther was an army officer from the Adriatic city of Bari,
near the heel of the Italian boot. His paternal grandfa-
ther, Stefano Fermi (1818-1905) was a robust descen-
dant of generations of farmers in Borgonure, near Pia-
cenza, in the heart of the fertile Po Valley, south of
Milan; he left the farm to become County Secretary in
the Duchy of Parma and married Giulia Bergonzi
(1830-?), who had been taught to read her catechism
but never learned to write. The Fermis were hard-
working men who constituted models of their own con-
cept of success: seeking modest prosperity without
achieving wealth. At birth Enrico had two siblings:
Maria (1899-1959) and Giulio (1900-1915).

Enrico’s parents lived in an apartment at 19 Via
Gaeta; when he was seven years of age, the family
moved to 133 Via Umberto, near the railroad station
(Fig. X-1). At the age of 10, Enrico entered the secon-
dary school system at the Ginnasio-Liceo Umberto I.
Latin, Greek, and French were compulsory; the curri-
culum included geography and history. Readings of
the Divine Comedy left a lasting impression on the sen-
sitive child, but he already favored mathematics and
physics and was soon attempting an understanding of
abstract problems.

At the end of the day’s work, Enrico was in the
habit of fetching his father at his office, and they
walked home together. His father’s deputy, Adolfo
Amidei (1877-1969), a 37-year-old engineer, often
walked part of the way with them. Ingegnere Amidei
had received advanced university training; in conver-
sation with the 13-year-old boy, he was impressed by
the depth of Enrico’s mathematical interests and by

his thoughtful questions. Their fortuitous encounter
was to have fateful consequences for the boy. Amidei
loaned him a book on projective geometry; upon re-
turning the volume, he was surprised that the young-
ster had solved all of the 200 problems listed. The loan
of other books on trigonometry, calculus, ete. followed:
Amidei strongly advised the study of German to facili-
tate reading of current literature.%?

Fig. X-1. The Fermi children (1905): Giulio (1900-1915), Enrico
(1901-1954), and Maria (1899-1964). (Courtesy of Nella Fermi
Weiner, Ph.D.)
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alternation of both activities. Since the university’s
laboratories were poorly equipped, he learned at this
early stage to build every gadget with his own hands:
his sense of self-sufficiency was to become incurable.
An interesting insight into the development of his
views was given in his candid letters to his older friend,
Persico, to whom he wrote details of his readings,
ideas, distractions, and offered suggestions for a thesis.
Upon Persico’s graduation, he drew in his letter a pair
of clasped hands in a gesture of congratulations.

Fermi’s first published paper appeared in Jan-
uary 1921, “On the dynamics of a rigid system of electri-
cal charges in translational motion.”'™ Meanwhile, he
developed a well shielded x-ray apparatus to do experi-
mental work. In the spring of his last year in Pisa, he
presented a dissertation for habilitation in the Scuola
Normale Superiore.'® His theorem of probability en-
countered criticism from mathematicians on the jury.
In July 1922 he presented his doctoral thesis on x-ray
crystallography in the Aula Magna of the university
before 11 capped and gowned professors; although the
subject was an anathema to most of them, he was
granted his Ph.D. magna cum laude.

Poincaré had been the first (1906) to spell out,
quantitatively the velocity dependance of mass; he
postulated cohesive forces (stresses) to cancel transfor-
mation laws, but his clarity diminished as he consid-
ered the internal stresses of electrons. Fermi (1922)
was the first to notice that something was wrong with
Poincaré’s factors, but his arguments were not well
written; they were ignored or misunderstood.'™

Hisschool days at an end, Fermi returned to Rome
and to his family. Investigating the possibilities of fu-
ture work, he called on Professor Orso Mario Corbino
(1867-1937). A Sicilian educated in Catania and Pa-
lermo, Corbino had become director of the Institutio
Fisico della Reale Universita; he was also a senator
and had been Minister of Education. An affable and
influential statesman, Professor Corbino had done
original experimental work and had an understanding
of theoretical physics: aware of the fact that Italian
physics could not forever rest on Galileo and Volta, he
dreamt of bringing it back to a creditable level. Fermi
was surprised to find this politician-physicist capable
of discussing intelligently his current work. In turn,
Corbino recognized Fermi’s capabilities and planned
to utilize them; he saw him frequently. Fermi was in
Corbino’s office of the morning of the historic fascist
Marcia su Roma which brought Benito Mussolini
(1883-1945) to the head of the government of Italy.
Two days later, Fermi was granted a fellowship from
the Italian Ministry of Education. The awards commit-
tee, of which Corbino was a member, agreed unani-
mously, recognized the work already done and ex-
pressed their wish that the fellowship would allow the
young scientist further opportunities to enlarge his
knowledge. He decided to go to the University of Got-
tingen to study under Max Born (1882-1970), professor
of theoretical physics, and James Franck (1882-1964),
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Fig. X-2. High school student Enrico Fermi, aged 16. (Courtesy of
Emilio Segre, Ph.D.)

professor of experimental physics. He had chosen well,
for the institution was seething with expectations of
great discoveries about to occur. His contemporaries,
Wolfgang Pauli (1900-1958) and Werner Karl Heisen-
berg (1901-1976), were busily engaged in fruitful cogi-
tation and rather indifferent to newcomers. No one
condescended to give the young Italian the encourag-
ing pat on the back that he probably expected and
needed: he was disappointed and failed to receive the
stimulus that this seminal center should have offered
him.

Returning to Rome, Fermi was offered a nonten-
ure position for the academic year 1923-24, in charge
(incarico) of a course of mathematics for chemists and
biologists at the University of Rome. The position per-
mitted him to work in close relationship with his
friend, Persico, who had become Professor Corbino’s
assistant. A book on the theory of relativity was trans-
lated into Italian.'®?? Although Fermi was only 22
years old, he was one of the authorities chosen by the
publisher to add their comments in an appendix to the
book.'” Fermi’s essay discussed the possible release of
nuclear power. A paper that Fermi had written in Got-
tingen on the ergodic theorem'®” came to the attention
of Paul Ehrenfest (1880-1933) in Leyden; he was im-
pressed and sought to contact the Italian thinker.
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Rome, the site of an ancient monastery, the adapted
building was adequate and ample for its purposes. The
institute had an excellent library, and the equipment
was fair. The beauty of its surroundings was enhanced
by svelte palms and bamboo thickets: it was an attrac-
tive center of learning. Rasetti was also brought to
Rome as an assistant (aiuto) to Corbino to take charge
of experimental physics.

Once again in Rome, Fermi resumed living with
his father and sister. The Fermis had become benefi-
ciaries of housing reserved for railroad employees;
they took residence at 12 Via Monginevra in the Citta
Giardino Aniene. Soon afterwards Alberto Fermi who
had risen to Chief Inspector of the Railways, became
seriously ill; his son and daughter took turns for weeks
in their vigil with him: on May 7th, 1927 he died.

Fermi spent the summer in his favored Dolomite
Alps where he donned his tyrolian leather shorts and
met frequently with various friends and colleagues.
Conscious of the need of an Italian text for advanced
university students of physics, he decided to provide
one. Without benefit of library references, he filled
several notebooks. The pencil-written notebooks, with-
out evidence of erasures or deletions,**® were sent to
the publisher in Bologna: the result was a volume, In-
traduzione alla Fisica Atomica.'®*

In September 1927 an International Physics Con-
ference was held in Como (Lombardy) on the centenary
of the death of Alessandro Giuseppe Antonio Anasta-
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sio Volta (1745-1827). A pleiades of physicists from all
parts of the world gathered at the border of the beauti-
ful lake; the luxuriant vegetation was at its autumnal
best. Present were Niels Bohr (1885-1962), Max Born
(1882-1970), Arthur Compton (1892-1962), William
Duane (1872-1935), Werner Heisenberg (1901-1976),
Ernest Rutherford (1871-1937). Arnold Sommerfeld
(1868-1951) presented a paper on the electron theory
of metals with references to Fermi’s statistics. Fermi
was the most significant Italian voice at the confer-
ence: already known to them because of his published
contributions, his senior colleagues listened attentive-
ly as he discussed Sommerfeld’s paper.

The task of attracting graduate students to the
new department was surprisingly successful. Emilio
Segré, T a student of engineering, was the first convert;
he had heard Fermi’s lectures and had seen him
among the greats at the Volta Conference. Ettore Ma-
jorana (1906-1938),T also a student of engineering and
Segre’s classmate, followed him. A remarkably fine
mathematician with unusual clairvoyance, whimsical
but unpretentious, Majorana proved the only one in
the group who could discuss theory on an equal footing
with Fermi. Corbino’s recruitment among undergrad-
uates brought forth Edouardo Amaldi (1908-).

In the manner adopted by many of his colleagues
in other European centers, Fermi instituted a weekly
colloquium at the institute: it was rather informal but
enlightening. The discussions were sometimes limited

Fig. X-3. The Physics Institute of the Royal University of Rome at 89A Via Panisperna, a remodeled monastery.

(Courtesy of Perluigi Cova, M.D.)
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Fig. X-4. The Fermi-Capon wedding party outside of Rome’s Municipal Palace (July 19th, 1928). Just behind the
bride are her sister, Anna Montel Capon, and her brother, Alessandro Capon. The uniformed officer is Rear Admiral
Capon; behind him is Senator Corbino, the short bald gentleman, and behind Corbino is Franco Rasetti. Other persons
are not identified. (Courtesy of the Fermi Institute of Nuclear Studies.)

to comments on the current literature or to reviews of
a particular subject. However, often a candent prob-
lem would present itself, and a searching discussion
ensued. On these occasions, Fermi’s method revealed
itself: he was able to analyze any problem, however
complicated, down to its essentials, denuding it from
unnecessary mathematical vestments. Hans Albert
Bethe (1906-) (Nobel 1967) wrote “When you left Fer-
mi after one of these discussions, it was clear how the
mathematical solution should proceed.”**® Although
his method was frequently enlightening to well-in-
formed colleagues, the reasoned unraveling was par-
ticularly inspiring to the young students. His pragmat-
ic approach made physics clear, achieving important
results with a minimum of effort.

Italian physicists, particularly those from Flor-
ence but also from Turin, Pisa, and other centers of
learning, visited the Rome Institute and attended the
weekly conferences.« Staff members visited foreign
laboratories and established personal and professional
links of lasting value: a fellowship allowed Rasetti to
travel to Pasadena to work with Millikan on the Ra-
man effect at the California Institute of Technology;

Segre went to Amsterdam to study spectral lines with
Pietr Zeeman (1865-1943) (Nobel 1902) and to Ham-
burg to work with Otto Stern (1888-1969) (Nobel 1943).
Amaldi went to Leipzig to work on x-ray diffraction
with Peter Joseph William Debye (1884-1966) (Nobel
1936). In turn foreign physicists were welcome in the
laboratories of the Rome Institute.*

At the end of his first academic year in Rome, Fer-
mi had announced that he would do something wild,
like buying an automobile or getting married: he did
both. The automobile came first: a two-seater (Bebé)
Peugot. Laura Capon (1907-1977) was a young univer-
sity student, a classmate of Amaldi, who had met Fer-
mi as a lecturer but also as a family friend and fre-
quent companion on weekend outings, games, etc. in
which Fermi usually indulged with the students. Si-
gnorina Capon was a young lady of great beauty and a
person of substance; the daughter of a navy officer, she
was a member of a nonobservant Jewish family; the
Fermis, in turn, were nonpracticing Catholics: thus,
they both were agnostics.» The wedding was a civil
ceremony, and it took place in the municipal palace on
July 19th, 1928. Fermi arrived late for his wedding?®;

» See Subject Notes on page 183.
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he had been delayed sewing a tuck in the excessively
long sleeves of his new shirt: the wedding photograph
shows that he did not do a very good job (Fig. X-4). They
started their honeymoon with a seaplane ride to
Genoa, being among the first to make use of this com-
mercial transportation. They proceeded by train to the
small village of Champoluc in the beautiful valley that
leads to the glaciers between Monte Rosa and the Mat-
terhorn.

In Rome the newlyweds took a six-room apart-
ment near the university. Fermi rose early and read
for two hours before breakfast, then went to work at
eight; at one o’clock, he returned home for lunch and
relaxation until three. Work resumed and lasted until
eight in the evening; he was never late for dinner. The
university’s salary was meager; in order to supple-
ment his income, he decided to write a high school text-
book of physics; with the help of his wife, the task took
two years to complete. He accepted an appointment to
judge applications for research projects for the Nation-
al Research Council and he also worked for the Ency-
clopedia Italiana writing carefully a number of its ar-
ticles.

Fermi’s next work of note was his application of
statistics to the atom; the idea was to compute the den-
sity of the electronic cloud around the nucleus as an
atmosphere of a totally degenerate gas of electrons at-
tracted by the nucleus. He made countless computa-
tions on an old desk calculator. Majorana, using an-
other route, checked his figures and was surprised by
their accuracy. Fermi was unaware that Llewellyn
Hilleth Thomas (1903- ) had invented the method
one year earlier. The Thomas-Fermi atomic statistics
gave a good approximation to a considerable number
of solutions and became Fermi’s favorites: he applied
them to x-ray spectroscopy, to period systems of the
atom, to optical spectroscopy, and to ions. Invited by
Debye to a meeting in Leipzig, Fermi summarized
these results in his presentation.'®

Corbino was desirous to have Fermi recognized by
the prestigious Accademia Nazionale dei Lincei; the
Academy elected new members after formal nomina-
tion, evaluation of candidates, and more important, be-
hind the scenes negotiations by the academicians. Cor-
bino wrote a letter of nomination but because of his
absence from the country, entrusted its presentation
to an invidious senior colleague, who conveniently for-
got. In 1929 Mussolini created a new Reale Accademia
d’Italia with special prerogatives for its appointed
members. Corbino used his bureaucratic influence for
revenge: at his suggestion, Fermi was elected the only
physicist among the first 30 academicians; they wore
special regalia at official functions, including feath-
ered headgear, and received a small emolument. Fer-
mi was glad to accept the membership that doubled his
income but was secretly embarrassed by the title of
Excellence and by the trappings.”®* He was able to res-
cind his obligations to the Research Council and to the
Encyclopedia in favor of his younger associates. Subse-
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quently, he was also elected member of the Accademia
dei Lincei at an unusually young age.*

The advent of quantum mechanics signaled a shift
to nuclear physics. Resistance to the concept of quan-
tum mechanics was particularly noted among the old
established physicists, whereas the young, quite on the
contrary, took it mostly on faith. Dirac had written a
basic article on quantum electrodynamics. Fermi de-
cided to attain the same results in a simpler manner.
He developed the electromagnetic field by Fourier
analysis, and he quantized the single harmonic compo-
nents as oscillators, thus giving a Hamiltonian touch
to Maxwell’s theory?®; he added a term representing
the interaction of an atom with radiations and treated
the complete system by perturbation theory.'®

In an eloquent speech before the Italian Associ-
ation for the Advancement of Science in Florence (Sep-
tember 1929), Corbino concluded that it was improba-
ble for physics to make progress in its ordinary
domain, that new discoveries could only be expected
from studies of the atomic nucleus.?*® Fermi investi-
gated the theory of hyperfine structure of the spectral
lines and the nuclear magnetic moments, an appropri-
ate transition from atomic to nuclear physics.'®® Ra-
setti went to learn nuclear techniques from Lise

Fig. X-5. Research collaborators (1934): Oscar D’ Agostino (1904
1976), Emilio G. Segre (1905-), Eduardo Amaldi (1908-), Franco
Rasetti (1901~ ), and Enrico Fermi. (Courtesy of Professor E.
Segre.)

+ See Subject Notes on page 183.
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cists victories in Ethiopia in the Messaggero Rosa.
Meanwhile, soldiers in Nazi uniform occupied the
Rhineland, also defying alien opinion. Thus, the basis
was being laid for the Rome-Berlin Axis, further con-
solidated by intervention in Spain.

In January 1937 Professor Corbino died of pneu-
monia; the directorship of the Institute was given to a
longtime antagonist and the laboratories were moved
to the University City with consequent disruption of
work. Scientific output had evidently declined under
the exigencies of war economy and social disruption.
Italian troops fighting on the side of nationalist Spain
suffered disaster in Guadalajara, while other Italians
fought on the Republican side at Huesca.?*®+ Return-
ing from his usual summer trip to the United States,
Fermi traveled with Swiss physicist Felix Bloch (1905-
) (Nobel 1952), who had taken a position at Stanford
University.

Fermi declined several enviable offers in the Unit-
ed States, and in the beginning of 1938, he moved his
family to a newly purchased apartment in the vicinity
of fashionable and beautiful Villa Borghese. It was the
realization of Laura Fermi’s dream and a sign of their
loyalties, although Fermi’s modest character contrast-
ed with the boasting of fascism. Laura Fermi and Gin-
estra Amaldi wrote a book, “Alchimia dei nostri tem-
pi,” a popularization of their husbands’ work.

The incorporation of Austria into the Nazi sphere
(Anschluss) obliged Erwin Schrodinger (1887-1961)
(Nobel 1933) to flee Vienna; he went to Fermi in order
to seek protection in the Vatican. In the summer of
1938, Mussolini introduced in Italy the Nazi antisemi-
tic legislation and persecution of Jews.'®® Segre was
eased out of his position in Palermo and accepted a
position at the University of California at Berkeley.
Navy Admiral Augusto Capon (1872-1943), Laura Fer-
mi’s father, was retired from active service.» Although
some supported racism, the official act divorced fas-
cism from the traditional conviviality of most Ital-
ians.

In the summer, the Fermis returned to the Dolo-
mites. Cautiously but deliberately, Fermi wrote to his
correspondents in the United States that the reasons
for his previous refusal no longer prevailed; he mailed
each letter from a different village. Offers of positions
rapidly returned. He decided to accept the renewed of-
fer of Columbia University but announced his plans as
an academic visit to New York. In the fall, at a meeting
in Copenhagen, Bohr confidentially had inquired
whether Fermi would accept the Nobel Prize if offered.
In November the expected call from Stockholm came
through. This facilitated greatly the procurement of
visas through bureaucratic machineries. Through per-
sonal influence, Fermi was able to retrieve his wife’s
passport, which, following racial laws, she had been
required to turn in. Their decision to leave the country
of their birth was known only to their closest friends
and colleagues; the inexpressible solemn feeling was
mixed with the fear of a last minute impediment. By
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Fig. X-6. Nobel Laureats Enrico Fermi and Pearl Buck, in the
center of the Concert Hall's stage (December 10, 1938} in Stock-
holm. (Courtesy of the Argonne National Laboratory.)

train and ferryboat they eventually reached Stock-
holm, their apprehension allayed only after the last
frontier was crossed.

On December 10, 1938, Fermi received the Nobel
Prize for Physics for his disclosure of new radioactive
elements produced by neutron irradiation and “for his
related discovery of nuclear reactions brought about
by slow neutrons.” Simultaneously, the Nobel Prize
for literature was awarded to Pearl Sydenstricker
Buck (1892-1973) “for her rich and truly epic descrip-
tions of peasant life in China.” Mrs. Buck, in beautiful
evening decolleté, and Fermi, in formal white tie at-
tire, sat on lion-embossed high leather chairs in the
middle of the stage in Stockholm’s Concert Hall and
listened to music and speeches before King Gustavus V
personally delivered the Swedish Academy awards
(Fig. X-6). Fermi later delivered the traditional Nobel
Lecture; he explained his shortcomings in chemical
identification of the short-life radioactive materials in
the course of their experiments. As he had not done
previously, he now proposed the designations of Au-
sonium and Hesperium for the assumed elements 93
and 94 resulting from the neutron irradiation of uran-
ium.?® Lise Meitner (1878-1968), then working at the
Nobel Institute in Stockholm, visited with the Fermis
and was undoubtedly present during the lecture.

In Paris Iréne Curie (1897-1956) and Pavle Petar
Savitch (1909-) had reported that their neutron irra-
diation of uranium resulted in a radioactive element
with 3.5 hours half-life that followed lanthanum
(atomic number 57) in precipitation.'*® In Berlin, Otto
Hahn (1879-1968) and Fritz Strassmann (1902- ),

» See Subject Notes on page 183.
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Fig. X-7. The Stagg Field chain reactor (CP-1} of the University of Chicago. (Drawing by Melvin A. Miller.) (Couresy

of the Argonne National Laboratory.|

tired, she contributed the only feminine touch on the
enterprise; she became Fermi’s frequent companion
and collaborator.?®’ A good portion of this account is
based on Anderson’s and Leona Libby’s***" eyewitness
recollections.

In the summer of 1942 the uranium research was
made the responsibility of the Army Corps of Engi-
neers; Colonel Kenneth David Nichols (1907-) was in
charge of procurement. An important meeting of the
S-1 committee took place at the Bohemian Grove, in
California, with Lawrence as host. The State Depart-
ment had received from a Canadian company a re-
quest for an export permit to purchase uranium from
the Union Miniére in New York; the information had
been passed to Colonel Nichols. Urged to obtain uran-
ium ore Colonel Nichols visited Sengier in his offices in
New York (September 18, 1942). The following short
dialogue ensued:

—*I am Colonel Nichols and I am here to buy
uranium.”

—“Do you have contract authority?” inquired
Sengier.

—“] am sure that I have more contract authority
than you have uranium to sell.”

—*“Ibelieve I know why you want uranium. I don’t
ask you to tell me but I do want your assurance that
you do want it for war purposes.”*

Within one hour Colonel Nichols left Sengier’s of-
fice with a single sheet of paper from a yellow writing
pad, authorizing the transfer to the U. S. Army of 2000
steel drums containing 1200 tons of the richest uran-
ium ore. Before the end of the year Colonel Nichols
contracted to purchase all of the additional 3000 tons
of uranium already above ground in Katanga, 20 cargo
ships transported the mineral from Africa; only two
were sunk by enemy submarine action. The eventual
price paid for the ore was nominal.

The pile was ready: the 57th and last layer of
graphite bricks was placed and the chain reaction trial
was scheduled for the next day, Wednesday, December

+ See Subject Notes on page 183.
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E. FERMI ET AL
NEUTRONIC REACTOR

May 17, 1955

Filed Dec. 19, 1944
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Fig. X-8. Diagram of the basic features of the Chicago pile (CP-1) as presented by Fermi and Szilard in their application
fora U. S. patent. (Courtesy of the Argonne National Laboratory.)

2, 1942. At 8:30 A.M. the “metallurgists” started to
assemble; they had come in subzero weather that cam-
ouflaged their nervous tension. Those not involved in
the operation gathered on the balcony, on the north of
the court, 20 feet above the ground and facing the pile;
the control panels were there. A cadmium control rod
was electrically operated from the panel. A vertical
control rod (“The Zip”) was held suspended; Norman
Hilberry (1899-?) could cut the cord that held the
weights, free the control to fall in place and stop the
reaction. A horizontal vernier cadmium rod was to be
hand operated by George Leon Weil (1907- ), with-
drawing it progressively to start the reaction and
thrusting it into place to stop it. If everything failed, a
“liquid control squad” was in readiness standing on
top of the structure prepared to pour buckets of cac-
mium salt solution through the lattice: Harold V. Lich-
tenberger (1920-), Warren Edwin Nyer (1921-), and
Alvin Cushman Graves (1909-1965).

Calm and confident, Fermi rehearsed the oper-
ation in mid morning: satisfied that the counters, the
graphic indicators, that the automatic as well as the
hand-operated controls functioned as expected, he de-

clared: “Let’s go for lunch.” As in previous historic mo-
ments in his research nothing was permitted to inter-
fere with lunch.

On the afternoon of this historic day, Compton
was meeting with consultants of the S-1 Committee: a
company (DuPont) was considering assuming respon-
sibility for plutonium production. Informed that Fer-
mi was ready, Compton left Eckhart Hall and brought
with him Crawford Greenewalt a young engineer; they
Jjoined the onlookers in the balcony where, according to
Robert George Nobels (1917-) the “big wheels” sur-
rounded the panels; the team returned to the court. At
2:30 P.M. Fermi instructed George Weil to withdraw
the vernier; after each foot withdrawn the neutron flux
increased: eight, sixteen, thirty-two,...then it would
level off. Fermi consulted his slide rule and jotted fig-
ures on the sides of it. At 3:20 P.M. he said to Compton:
“This is going to do it,” and shortly afterwards, “The
curve is exponential...the reaction is self-sustaining.”
There was no leveling off of the tracing. Satisfied that
there was no need to proceed further, after a few min-
utes he ordered “Zip in”: Zinn released his rope, the
automatic controls were inserted and the vernier
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thrust in. It was 3:53 P.M.: an indescribable elation
came over most of those present. The core crew re-
mained to lock the controls and turn-off the power sup-
ply. From a paper sack, Wigner produced a bottle of
Chianti; with no indication of conceit Fermi accepted
the gesture and uncorked the bottle: in malapropos pa-
per cups, all those present quietly celebrated the suc-
cess of the enterprise with a memorable sip.*

“Fermi was,” said Compton, “in as full control of
his experimental crew as the captain of a ship engaged
in eritical action.”'® “The experiment” wrote Wigner,
“was the culmination of the efforts to prove the chain
reaction. The elimination of the last doubts...had deci-
sive influence...on the design and realization of a large
scale reaction to produce...plutonium.”*%? After the S-1
consultants left, Compton called James Conant in Bos-
ton: “Jim” said Compton “the Italian navigator has
just landed in a new world.”

Fermi trudged over the dry snow on his way home.
Laura Fermi was in the final preparations of a party
for their friends that had been planned weeks before
and happened to coincide with the fateful date. Tired,
cold, and in need of relaxation Fermi faced his anxious
wife's request to return outdoors to buy cigarettes to
offer their guests! As their friends arrived, braving the
inclement weather, they would shake hands and con-
gratulate Fermi; puzzled, his wife inquired in vain to
learn the reason: “He sank a Japanese Admiral” hu-
mored Leona Woods.

The West Stands reactor (CP-1) remained in place
only long enough for engineers to become acquainted
with it (Fig. X-8). It was dismantled and transported to
the Argonne site where a second reactor (CP-2)
reached criticality in March 1943. In Chicago, for re-
laxation, Fermi, Miss Wood, and Anderson used to go
swimming in late afternoons in the frigid waters of
Lake Michigan, off the breakwater rocks at 55th
Street. At the Argonne they went for walks or bicycle
rides. In all of these activities, in tennis, pitching pen-
nies, etc. Fermi was always an enthusiastic competitor
desirous to win and excel and usually did. Eugene
Farmer was Fermi’s official alias which always
aroused suspicion from checking authorities because
of his accent; John Baudino, a young lawyer was as-
signed as his bodyguard: he proved to be a congenial
and cheerful friend and companion.

Urey had argued in favor of a heavy water moder-
ator; as soon as sufficient amounts of it were produced
in Trail, British Columbia, Zinn and his group took
charge of building another reactor (CP-3) with Fermi’s
encouragement. Fermi was able to return to his basic
research interests with a few devoted associates,
among them were John and Leona Marshall.

Work done during this period was classified and
not published until after the war. The work, wrote
Segré, forms the starting point of an elegant branch of
physics of neutrons. Fermi systematically used the
concept of scattering lengths which he had developed
years before; the papers are models of simplicity. In

solving such problems as shielding a power reactor,
insuring thermal stability, he showed considerable en-
gineering talent: his methods are now routine in reac-
tor technology.

Another reactor was being built at Oak Ridge (Site
X) and plans for construction of a large plutonium pro-
ducing reactor at Hanford (Site W) were making heavy
demands on scientists and shifting the center of activi-
ties. A serious problem developed that paralyzed the
Hanford reactor: Fermi was called to help. With the
aid of Wheeler and Greenewalt he found that the trou-
ble was a result of a radioactive poison: xenon 135; he
predicted that successful operation would result by
charging the reactor to the maximum in order to pro-
duce enough radioactivity to burn out the poison.

Los Alamos (Site Y) had been developing rapidly;
Fermi had been involved in defining its problems and
facilitating its program from the beginning. In the
summer of 1944 J. R. Oppenheimer pressed him to
move to the mesa and make himself available; Oppen-
heimer hoped that Fermi’s tempered judgement would
mediate conflicting views that threatened the har-
mony of the project. From Hanford Fermi proceeded to
Los Alamos where his wife and children had preceded
him. He was given the title of Associate Director with
several projects under his section (F); but he took spe-
cial interest in the water boiler, a small homogeneous
reactor containing a water solution of enriched uran-
ium salt, located in Omega Canyon, near the mesa;
Joan Hinton assisted him in this project. In addition
Fermi was available in consultation to anyone in need
and was asked to lecture on a variety of subjects. John
von Neumann was the other oracle in the scientific
community. Fermi and von Neumann had genuine ad-
miration for each other and developed a strong friend-
ship: adept to numerical calculations Fermi naturally
developed great interest in electronic computers as did
von Neumann.

In New Mexico, the Fermis re-encountered El-
friede and Emilio Segré; the “Basilisk’ had been there
for over one year. In addition Herbert Anderson and
Samuel Allison were there and also a number of old
acquaintances: Mitzi and Edward Teller, Hans Bethe,
Genia and Rudolf Peierls, whom they had met in Rome
a decade previously. Peierls had recently arrived as
chief of the British Mission. Niels Bohr and his son
Aage also came. We have recounted elsewhere
(Chapter VII) how Bohr’s discussions awoke the con-
science of the scientists, including Oppenheimer’s and
gave them a sense of their responsibility in the devel-
opment of atomic warfare,

In many ways, wrote Laura Fermi, Los Alamos
was a socialistic community run by the U. S. Army.
Apartments were allotted discriminatingly: number
of rooms according to size of the family, rent according
to size of the paycheck. The Fermis declined the privi-
lege of a house in “Bath Tub Row,” reserved for “big
wheels.” Wives were encouraged to take ancillary jobs
and, if they did, were provided with domestic help.

+ See Subject Notes on page 183.
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Fig. X-9. Lecturer Fermi at the blackboard (1946). (Courtesy of the Fermi Institute of Nuclear Studies, University of
Chicago.) Signature.
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Fig. X-10. Group of participants in the First Chain Reaction in front of Eckart Hall on its fourth anniversary
(December 2, 1946). Front row: Enrico Fermi (1900-1954), Walter Zinn (1906-), Albert Wattenberg (1917-), and

Herbert Lawrence Anderson (1914-). Middle row: Harold Melvin Agnew (1921-

), William James Sturm (1917~

), Harold V. Lichtenberger (1920-), Leona Woods Marshall (1919-), and Leo Szilard (1898-1964). Back row:

Norman Hilberry (1899-?), Samuel King Allison (1900-1968), Thomas Brill (1920-
(1917-), Warren Edwin Nyer (1921-), and Marvin Robert Wilkenning (1918-

Nuclear Studies, University of Chicago.)

Guido Castelnuovo (1865-1952) a notable mathemati-
cian who had known Laura and Enrico Fermi as
youngsters.

Fermi had great confidence in his analytical pow-
ers and seemed to be always in control of his thoughts,
but he was well aware of his fallibility in matters other
than physical. Among intellectual friends he would
venture to express opinions that carried no conse-
quences but out of a genuine integrity he was reluctant
to pass judgement on serious problems or persons. His
position on the General Advisory Committee of the
Atomic Energy Commission was to bring him to emit a
serious opinion that proved controversial. On Septem-
ber 23, 1949, President Truman announced the detec-
tion of an atomic explosion in the Soviet Union. The
AEC asked the General Advisory Committee for their
recommendation in reference to the development of

), Robert George Nobles
). (Courtesy of the Fermi Institute of

the hydrogen bomb. Unable to attend, Glenn Seaborg
had sent a letter stating that he had been “unable to
conclude that we should not.” Meeting in Washington
under J. Robert Oppenheimer as chairman the com-
mittee members listened to Ambassador George Frost
Kennan (1904-) and General Omar Bradley (1893-
1981) then, in a closed session, unanimously rejected
the plan. “We are all agreed—said the report—that it
would be wrong at the present moment to commit our-
selves to an all-out effort...towards its development... .
We are all reluctant to see the U. S. take the initiative
in precipitating this development.” Fermi and I. I.
Rabi stated in addition, in a written common state-
ment: “The fact that no limits exist to the destructive-
ness of this weapon makes its very existance and the
knowledge of its construction a danger to humanity... .
We think it is wrong, on fundamental ethical princi-
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Fig. X-13. Aerial view of handsome Robert Rathbun Wilson Hall of the Fermi National Accelerator Laboratory in
Batavia, Illinois. Named after its designer and first director, the architecture is said to have been inspired by the
unfinished but glorious foreshortened structure of the Cathedral of Beauvais, near Paris. (Courtesy of Fermi Lab.)

During his vacation in the Alps, Fermi noticed un-
usual anorexia and resulting loss of weight. Upon his
return to Chicago he entered Billing’s Hospital where
a diagnosis of inoperable carcinoma of the stomach
was established. Many of his friends went to Chicago to
visit him in his hospital bed, most were impressed with
his rapid physical deterioration and all admired his
moral fortitude. Some recalled pleasant memories and
assured him of their unfaltering loyalty®*®®; one ad-
mitted to a semireligious compulsion to confess to him
as a priest.®® To one of his visitors Fermi murmured, “7
hope it won’t last long anymore.” It did not. He died on
November 29, 1954.

Rather expeditiously at the suggestion of the
Atomic Energy Commission, the United States Gov-
ernment created an award consisting of a medal and a
cash prize: it was delivered to Fermi shortly before his
death. The prize called the Fermi Award is now offered
annually. Fermi had previously received the Hughes
Medal of the Royal Society (1942), the Congressional
Medal of Merit (1946), the Bernard Medal (1950), the
Rumford Medal (1953), and the Planck Medal (1954).
He had also received doctorates honoris causa from Co-
lumbia (1946) and Harvard University (1948).

The University of Chicago Institute of Nuclear
Studies is now named after Fermi. The National Accel-
erator Laboratory is also named after him and popu-
larly known as the Fermilab (Fig. X-13). It is operated
by the University Research Association in Batavia, Il-
linois, 30 miles west of Chicago. The Central Laborato-

ry is an attractive 16-story building inspired by the
cathedral of Beauvais; it contains a synchrotron, a
scientific instrument of remarkable proportions per-
mitting the study of subnuclear particles; an extraor-
dinary monument to the memory of an extraordinary
man.
Herbert Anderson affectionately referred to Fer-
mi as “my boss, the sawed-off little wop.” Ulam de-
scribed him as short, sturdily built, with strong arms
and legs and moving rather fast. His eyes, darting at
times, would be fixed reflectively when he was consid-
ering some question, his fingers often nervously
playing with a pencil or slide rule. He usually ap-
peared in good humor, a smile perpetually playing
around his lips.?*? Fermi, added Ulam, had tremen-
dous self-assurance, will-power, and persistance rath-
er than obstinacy. The whole process of wresting from
Nature her secrets, wrote Anderson, was for Fermi an
exciting sport which he entered sith supreme confi-
dence and great zest; he possessed a sure way of start-
ing off in the right direction. He had a supreme sense of
the important, dissecting problems, setting aside irre-
levancies in order to attack each part separately. He
possessed great mathematical technique that he used
keenly. But first and foremost, wrote Leona Libby, he
was a physicist, day and night, with the slide rule at
the ready in his breast pocket and his mind relating
ideas to numbers.”®®® When he talked he strived for
the utmost simplicity: ideas appeared natural, direct,
clear. Sublimated common sense characterized his
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thoughts.?”* On any problem confronted he was able to
bring to bear his profound feeling for physical laws.**
He sketched his ideas qualitatively and briefly, so that
one caught the image and felt a desire for deeper un-
derstanding.?*®* He was an extremely lucid lecturer,
wrote Chen Ning Yang (1922-) (Nobel 1957), the very
simplicity of his reasoning conveyed the impression of
effortlessness, but the impression was false.'"* The
typical style of Fermi’s writing, wrote Segre, is a close
reflection of his personal and intellectual history, his
papers make easy reading so that an able student may
profit by their study but they often have deep recon-
dite implications; his writings are not noted for liter-
ary style but he was almost pedantic as to scientific
precision.?%?

Chandrasekhar listed Fermi’s contributions:
transport in general relativity; discovery of slow neu-
trons; Fermi-Dirac’s statistics; Fermi’s resonance;
theory of beta-decay; first sustained chain reaction;
mechanism for acceleration of charged particles in
random magnetic fields; discovery of the first reso-
nance in the proton-pion scattering.”®

In conversation Fermi looked inquisitive and his
interlocutor usually was treated to Socratic question-
ing rather than to expressions of opinion. He avoided
impulsive gestures and deliberately controlled ges-
ticulations and mannerisms. Usually calm and mildly
amused, rarely impatient; he smiled and laughed read-
ily. He accepted unpleasant situations with sweet rea-
sonableness: he was, wrote Leona Libby, an amazingly
comfortable companion.

Surprisingly, Fermi had no interest in any of the
arts. Listening to a colleague playing on Teller’s Stein-
way piano he admitted that his appreciation of music
was limited to simple tunes. Accompanying friends on
a visit of the Chicago Museum of Modern Art he enter-
tained himself computing ratios of limb length to sta-
ture from various paintings. Poetry and philosophy
did not appeal to him; he thought of them as passé. For
a man of his keen intellect he appeared remarkably
devoid of the cultivated appreciation, and enjoyment,
of beauty in its various manifestations that we call cul-
ture.

Fig. X-14. “Nuclear Energy,” twelve-foot bronze sculpture by
Henry Moore, standing at the site of the first sustained chain reac-
tion at the University of Chicago.

Fermi had what Ulam called a semi-logical whim-
sical humor: commenting on Segré’s struggle to hook a
fish he said that it was a battle of wits; he once asked
Teller, if Hungarians are so smart how come they have
invented nothing? If he lost 6 to 4 in a tennis match he
declared the result invalid because the difference was
less than the square root of the number of games.

Anyone with more than a trivial acquaintance
with Fermi, wrote Samuel Allison, would recognize at
once that he possessed the most extraordinary endow-
ment of the highest human capabilities. One might
have encountered in someone else his physical energy,
or his basic balance, or his simplicity, his sincerity or
even his mental brilliance; but who, in his lifetime,
asked Allison, has seen such qualities combined in one
individual?'#*



