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PR EFA C E

M Y  FA TH ER  W A S A  PA R TIC LE PH Y SIC IST. IN  1962, H E A N D  TW O  of his colleagues
conducted an experim ent that dem onstrated the existence of tw o distinct
types of ―neutrinos,‖ ghostly subatom ic particles that can pass through
hundreds of m illions of m iles of lead w ithout bum ping into a single atom .
H ypothesized in a leap of im agination by the acerbic V iennese physicist
W olfgang Pauli, the neutrino‒s creation in radioactive processes w as first
explained by Enrico Ferm i, w ho also gave the particle its Italianate nam e,
m eaning ―little neutral one.‖ The 1962 experim ent‍ a direct legacy of one of
Ferm i‒s m ost fam ous scientific achievem ents‍ m ade the front page of the
N ew  York Tim es and w on m y father and his collaborators the 1988 N obel
Prize in Physics.

M y connection to Ferm i m ight w ell have been m ore direct if it w ere not
for m y father‒s stubbornness as an undergraduate. W hen he w as a senior at
C olum bia in 1953, m y father approached his favorite teacher, Jack
Steinberger, and said that he w anted to stay at C olum bia for his doctorate. H e
asked Jack to be his thesis adviser. Q uite sensibly, Jack explained that it
w ould be a m istake for m y father to stay at C olum bia and suggested doing a
doctorate at the U niversity of C hicago w ith Ferm i. Jack had been one of
Ferm i‒s first postw ar graduate students, and the experience had changed
Jack‒s life. W ith all the callow ness youth can m uster, m y father objected that
if he w ent to C hicago he w ould lose all the graduate credits he had
accum ulated as an undergraduate at C olum bia. Jack relented and w ent on to
becom e m y father‒s thesis adviser and then collaborator on the 1962 neutrino
experim ent.

So I alw ays knew  that Enrico Ferm i w as an im portant physicist, at least
as far as m y household w as concerned.

M y father passed aw ay in 2006, at the relatively young age of seventy-
three. Som e seven years later, m y m other called w ith the new s that she had
finally gone through a file cabinet m y father kept in the fam ily garage. She
found hundreds of papers and docum ents stashed aw ay and had no idea w hat
to do w ith them . I suggested that she send them  to m e. W hen they arrived, I
w ent through them  and pulled out a series of entertaining letters and papers



by a physicist nam ed V alentine Telegdi. Telegdi w as a young Ferm i
colleague in the early 1950s and a close friend of m y father. O ne of the things
he had sent m y father w as a paper he w rote about Ferm i‒s years at the
U niversity of C hicago after the w ar. Telegdi‒s paper on Ferm i, subsequently
published in a collection of essays on great professors at C hicago edited by
Edw ard Shils, w as an eye-opener. I read w ith fascination about a physicist of
astonishing breadth and depth, som eone as adept in experim ent as in theory,
and a w orld-class teacher, to boot. Finishing the paper, I decided to get a
good recent biography of the great m an.

To m y am azem ent, the m ost recent biography in English (as of sum m er
2013) w as the one w ritten by his first graduate student and later close
colleague and friend, Em ilio Segræ. It w as published in 1970. In the forty-odd
years since then, an enorm ous am ount of N obel Prize‌caliber research has
extended Ferm i‒s legacy in the physics w orld. In addition, m uch has been
published in the w ay of m em oirs and historical studies to enhance our
understanding of Ferm i and his place in the w orld of physics. It seem ed
unjust to m e that Ferm i‍ one of the m ost dom inant and m ost interesting
figures in tw entieth-century physics‍ w as not as w ell know n to the general
public as Einstein or Feynm an or O ppenheim er, about w hom  the public
seem s to have an insatiable interest.

B y the late fall of 2013, I decided to w rite a full-length, general reader
biography of the m an, encom passing his scientific achievem ents, his personal
life, and his legacy in a w ay that w ould bring him  to life for a new  generation
of readers. B asic B ooks w as w illing to give m e the opportunity to do so. It
has been quite a journey.

I am  not a physicist and this is not a physics book. This is a book about a
m an w ho happened to be an extraordinary physicist and w ho also led an
eventful, dram atic life. The physics is im portant, of course, but you w ill not
find equations, Feynm an diagram s, or the like in this book. Y ou w ill find
w hat I hope to be straightforw ard descriptions of his science, accessible to the
lay person. For anyone interested in a deeper level of understanding of his
achievem ents, the best source by far is Ferm i‒s ow n w ritings, lovingly
collected by his colleagues in tw o volum es published in the early 1960s by
U niversity of C hicago Press, Enrico Ferm i: The C ollected Papers. This tw o-
volum e set stands as his scientific biography and is accessible to anyone w ho
m ajored in physics in college. The clarity and sim plicity of Ferm i‒s style of
science w riting are hallm arks of his unique approach.



W hat you w ill find in this book, I hope, is a narrative that brings the
w hole person into focus. It is tem pting to say, as did m any of his colleagues,
that he w as ―all physics, all the tim e,‖ and there is an elem ent of truth to this.
B ut he w as also a husband, a father, a colleague, and a friend. H e played a
central role in som e of the m ost im portant events of the tw entieth century.
The dram a of his life can only be appreciated through an exam ination of all
of these aspects.

U nfortunately, the story cannot be told as directly as a biographer w ould
like. Ferm i w as prolific in his professional publications but revealed very
little of him self or his inner life. D iaries sim ply do not exist, and personal
letters are few  and far betw een and provide little, if any, personal insight. H is
num erous pocket diaries are filled w ith physics doodles and brief accounts of
his expenditures on various trips. O ne searches in vain for anything intim ate.
The biographer is left triangulating am ong the various source m aterials
available: the m em oir w ritten by his w ife of their life together, published in
1954, the year he died; the 1970 Segræ biography m entioned above; m em oirs
and rem iniscences of those w ho studied w ith him  and those w ho w orked w ith
him , both in his native R om e and in his adopted country, the U nited States.
Fortunately, the results of such triangulation provide a fairly consistent
portrait. Still, som e m ysteries about w hat he did, and w hy, w ill probably
never be resolved. I have tried to illum inate w here I can and note carefully
w here such illum ination is im possible.

Strangely, although m y father and I discussed the contribution of m any
physicists over the years, I cannot recall ever discussing Enrico Ferm i w ith
him . To m y regret, he did not live to see m e undertake this project. In
retrospect, he m ight w ell have been inspired by Ferm i. M y father w as also a
fine experim entalist and an outstanding teacher, able to convey com plex
ideas in sim ple, com pelling w ays. W henever I asked him  to explain
som ething to m e, his first w ords w ere invariably ―D avid, that‒s trivial!‖ A nd
he w ould m ake it seem  so to m e. I am  sure he w ould be surprised that I chose
to em bark on this project and I hope he w ould be pleased.





IN TR O D U C TIO N

H E W A S B O R N  IN  R O M E, ITA LY , O N  SEPTEM B ER 29, 1901, A N D  died in C hicago,
Illinois, on N ovem ber 28, 1954. H is life spanned tw o w orld w ars, and though
he w as too young to participate in the first, his contribution to the outcom e of
the second w as pivotal and m ade him  w orld fam ous. H is life also spanned the
tw o m ajor intellectual revolutions of the tw entieth century‍ relativity and
quantum  theory‍ and though his contributions to the first w ere notable, his
contributions to the second established him  as one of the greatest scientists of
his day, indeed, one of the greatest scientists of all tim e.

To no one‒s surprise he w on a N obel Prize in 1938.
H e m ade friends easily and inspired passionate loyalty. Those w ho knew

him  w ept openly w hen they learned of his prem ature death at the age of fifty-
three. N ew spapers around the w orld carried his death on their front pages,
befitting his status as one of the m ost fam ous scientists of his day.

H is nam e w as Enrico Ferm i.

TH E A R C  O F H IS LIFE IS Q U IC K LY  SU M M A R IZED . B O R N  IN  R O M E A T the turn of the
century, he w as a child prodigy, and by the tim e he arrived at university he
had m astered all of classical physics. B ecause no one in Italy w as teaching
relativity or quantum  theory, Ferm i spent his university education teaching
him self these subjects; w hen he graduated he had already published in
professional journals. A fter graduation he studied briefly in G erm any and in
H olland, returned to the U niversity of R om e for a period as a lecturer, and
then w on a position at the U niversity of Florence, w here he m ade his first,
and som e say m ost im portant contribution‍ a m ethod to bring quantum
m echanical rules into the field of statistical m echanics. Tw o years later he
w on a com petition for a professorship in theoretical physics at the U niversity
of R om e under his pow erful m entor, O rso M ario C orbino. H e built one of the
m ajor international schools of m odern physics and m ade several
extraordinary contributions: a theory that explains a puzzling type of
radioactive process called ―beta decay‖; the discovery that certain elem ents,
w hen bom barded w ith neutrons, becom e radioactive; and the discovery that



the intensity of this induced radioactivity increases w hen the neutrons are
slow ed dow n prior to hitting these elem ents.

H e chose the opportunity of his N obel Prize in 1938 to leave fascist Italy
via Stockholm  for a faculty position at C olum bia U niversity. Shortly
thereafter he learned, to his astonishm ent and em barrassm ent, that G erm an
scientists replicating his 1934 experim ents bom barding uranium  w ith
neutrons concluded Ferm i had been splitting uranium  atom s w ithout know ing
it. W ith this know ledge, he and H ungarian çm igrç Leo Szilard began to
explore the possibility of creating a sustained nuclear chain reaction w ith
uranium . A fter m oving the project to the U niversity of C hicago at the request
of the U S governm ent, Ferm i and a large team  of fellow  physicists and others
succeeded in doing so on D ecem ber 2, 1942, officially ushering in the
nuclear age. H e w as a central figure in the design of plutonium  production
reactors for the M anhattan Project and in the sum m er of 1944 m oved to Los
A lam os, w here the first atom ic bom bs w ere designed and built. H e played a
key role in solving the m any theoretical and practical problem s involved in
this final phase of the M anhattan Project. H e w itnessed the first detonation of
an atom ic bom b, know n as the Trinity test, at A lam ogordo, N ew  M exico, on
July 16, 1945.

A fter the w ar, Ferm i returned to the U niversity of C hicago, w here he
continued research in nuclear physics and pioneered high-energy physics
experim ents on C hicago‒s new  particle accelerator. H e spent sum m ers at Los
A lam os w orking on the hydrogen bom b, know n as ―the Super,‖ and
pioneering the use of com puters for sim ulating com plex physics problem s.
H e also studied cosm ic rays and astrophysics and took on a full teaching load
at the U niversity of C hicago, eventually advising a string of future N obel
laureates and m any others w ho w ent on to brilliant, high-profile careers.
D uring this period, he advised the U S governm ent on all aspects of nuclear
technology policy and cam e to the defense of his M anhattan Project
colleague J. R obert O ppenheim er during 1954 hearings on the latter‒s
security clearance. Ferm i died of stom ach cancer in N ovem ber 1954 at the
age of fifty-three, leaving behind an indelible m ark on virtually every aspect
of physics.

TH ESE A R E TH E FA C TS O N  W H IC H  A LL A G R EE. SEA R C H IN G  FO R  A  richer portrait,
one com es across the inevitable outliers. O ne author portrays him  as a



―puerile‖ prankster consum ed by jealousy of his m ore brilliant student Ettore
M ajorana. A nother paints the picture of the greatest scientist in W estern
history. The consensus not surprisingly lies som ew here in betw een.

In his youth he w as fond of the occasional juvenile prank, but he
m atured out of this w ell before he left R om e for the U nited States. Far from
im peding M ajorana‒s career, Ferm i strongly prom oted the brilliant introvert‒s
groundbreaking w ork.

Ferm i w as certainly an extraordinary physicist, one of his generation‒s
greatest, but to argue that he w as history‒s greatest reflects m ore the passion
he could inspire in those w ho w orked w ith him  than it does his actual place in
history.

H e had a form idable pow er of physical intuition and a disciplined,
m ethodical technique that allow ed him  to crush physics problem s in w ays
that am azed and aw ed his colleagues. H e had a charism a that defies easy
analysis‍ m odest, yet fully aw are of his superiority over m ost of the
physicists w ith w hom  he w orked, personally reticent and yet highly
gregarious, able to discern the objective and lead others relentlessly tow ard it,
blunt but never nasty, and capable of a self-deprecating w it that im m ediately
put people at ease. N o other physicist has ever received such affectionate
postdeath tributes. O ne looks in vain for tributes to other physicists that
com pare to To Ferm i w ith Love, a tw o-record set of rem iniscences by those
w ho w orked w ith him  at A rgonne Labs outside C hicago, or The W orld of
Enrico Ferm i, the C anadian B roadcasting C om pany‒s lovingly produced
docum entary of his life and tim es. Those w ho w orked w ith him  often jostled
w ith each other to secure the m antle of Ferm i‒s legacy.

H e could be collegial but w as also highly com petitive. R em iniscences
from  his students paint an inconsistent picture. Those from  the early days in
R om e speak of a m an insensitive to the career difficulties of those around
him  and com pletely disinterested in their personal travails. Those w ho
studied w ith him  in C hicago universally com m ent on his generosity of spirit
and ability to connect w ith those around him  and attribute their future
successes to his fortuitous interventions.

In other w ords, the picture is a com plex one, hardly surprising given that
he w as a com plex individual in a highly com plex w orld.

SO M E W O U LD  A R G U E, A S D ID  H IS O LD  FR IEN D  A N D  C O LLEA G U E ISID O R Isaac (I. I.)



R abi during an interview  for the C B C  docum entary, that the only thing
interesting about Ferm i w as his science, that beyond the science the details of
his life are trivial and not w orth exploring. A lthough this is a com m on view
am ong scientists, w ho tend to view  scientific achievem ent as distinct from
the individual w ho achieved it, it m isses the point. The circum stances of
Ferm i‒s life determ ined m uch of w hat he achieved, and had the chips fallen
som e other w ay, his career‍ and our w orld‍ w ould be different. If Laura had
agreed to m ove to the U nited States w hen Ferm i first w anted to in 1930, how
different w ould have been the trajectory of his science? W e can im agine his
com ing to the sam e conclusions regarding beta decay, but w ould his w ork on
slow  neutrons have proceeded the sam e w ay w ith a different, A m erican
team ? W ould that team  have discovered fission in 1934, w ith the benefit of
better (or luckier) radiochem ists? O ne can im agine the arc of Ferm i‒s
research altering considerably w ith an earlier im m igration to the States, w ith
unpredictable results. Perhaps he w ould have delved into high-energy particle
physics earlier, although the accelerators available in the 1930s did not have
the energy to explore the subatom ic w orld that becam e the focus of Ferm i‒s
postw ar research in C hicago. Even as late as 1939, m uch of his research
agenda seem s accidental, particularly the odd set of circum stances that threw
Ferm i and Szilard together in an historic partnership beginning in early 1939.
If in January 1939 Ferm i had show n up in A nn A rbor instead of M anhattan,
w ould Szilard have sought him  out? W ould Ferm i have been a central player
in the experim ents leading to the first chain reaction?

A ll these questions are essentially im ponderables. Still, the very fact that
they are im ponderable leads to the conclusion that, in com m on w ith all
scientists of great stature, the specific circum stances of Ferm i‒s life had an
enorm ous im pact on his scientific career. So though one doesn‒t need to
know  m uch about Ferm i‒s personal life to study his specific scientific
achievem ents‍ it is possible, for exam ple, to read the beta decay paper
w ithout having any insight w hatsoever into the circum stances of its creation
‍ it is incorrect to conclude that an understanding of Ferm i‒s life is irrelevant
to our understanding of his life as a scientist. It is, indeed, essential to grasp
the relationship of circum stance to scientific creativity and achievem ent, to
com prehend how  history, personality, and circum stance com bine to shape the
developm ent of any particular scientific achievem ent. In another context, the
B ritish historian of science C harles Percy (C . P.) Snow  put it succinctly w hen
he w rote, ―If Ferm i had been born a few  years earlier, one could w ell im agine



him  discovering R utherford‒s atom ic nucleus, and then developing B ohr‒s
theory of the hydrogen atom . If this sounds like hyperbole, anything about
Ferm i is likely to sound like hyperbole.‖ Snow  w as alluding to Ferm i‒s
brilliance, but this assessm ent underscores the im portance of circum stance in
the developm ent of a scientific career. Y es, Ferm i m ay have discovered the
atom ic nucleus, he m ay have thought of the B ohr m odel of the atom , but he
never had the opportunity to do so because he w as born tw o decades too late.
W e are all are prisoners of the era into w hich w e are born, scientists being no
exception.

TH E R EC EIV ED  N A R R A TIV E O F H IS LIFE R IN G S TR U E, B U T IT O B SC U R ES as w ell as
illum inates. W hy is there such a difference betw een the m em ories of his
Italian students and those of his A m erican students, particularly in regard to
Ferm i‒s w illingness to encourage them  and to prom ote their careers? W hy did
he rem ain so long in Italy, w orking under a thuggish, essentially evil regim e?
W as there a part of him  that grudgingly supported the fascist dictatorship?
D id he really decide to com e to the U nited States only w hen M ussolini
prom ulgated the anti-Sem itic law s that w ould have targeted his w ife? W as he
an enthusiastic participant in the M anhattan Project, as so m any of the
histories of the period suggest? O r w as he perhaps som ew hat reluctantly
pulled along by events out of his control? In O ctober 1949, he w as an
outspoken opponent of the developm ent of the hydrogen bom b, but by the
sum m er of 1950 he w as w orking intensively on the project. W hy? A ny
biographer m ust grapple w ith these questions, even if there are, in the end, no
clear-cut answ ers.

H IS FA M E D IM IN ISH ES, EV EN  A S H IS LEG A C Y  G R O W S.
Perhaps the m ost enduring of his discoveries as far as the general public

is concerned are those relating to his w ork on the atom ic bom b, for w hich he
earned the sobriquet ―father of the nuclear age.‖ Even this, though, raises
som e im portant questions. The history of the M anhattan Project is the history
of m any thousands of scientists, engineers, soldiers, and others w ho had a
hand in bringing about the developm ent of nuclear w eapons. W here the
epithet m ost clearly fits is in his role in the developm ent of the first nuclear
reactors, devices that dem onstrated the possibility of nuclear fission chain
reactions that form  the basis for nuclear explosions and that served as the



production engines for plutonium , the elem ent that form ed the core of one of
the tw o atom ic bom bs that ended W orld W ar II. These reactors w ere built in
great haste, under enorm ous pressure, largely w ithout w ell-form ed
engineering plans. Indeed, the first one, at the U niversity of C hicago,
em erged m ore or less fully form ed directly from  Ferm i‒s brain. In retrospect,
the am azing fact is that they w orked as anticipated and that the effort w as
scalable to a degree that astonishes engineers even today.

H is role in the developm ent of the atom ic bom b itself is m ore difficult to
assess, being that of a highly valued adviser rather than an architect or
designer. In the traditional narratives he is overshadow ed by the scientific
director of the project, J. R obert O ppenheim er, a physicist as different from
Ferm i as it is possible to be. B ut w hen in the sum m er of 1944 the w ork at Los
A lam os cam e to a grinding halt ow ing to unforeseen technical problem s, it
w as to Ferm i that O ppenheim er appealed, asking him  to com e to the secret
city on a N ew  M exican m esa to help inspire and lead. Ferm i did so
effectively and w ithout com plaint.

For physicists, several of his other achievem ents rank far higher than
those of the M anhattan Project, if not existentially then certainly
scientifically. H is success in integrating quantum  rules into statistical
m echanics, in w hat w e now  call Ferm i-D irac statistics, is the basis for
virtually all condensed m atter physics and m uch else besides. Ferm i-D irac
statistics are, if anything, even m ore useful today than they w ere w hen they
w ere proposed in 1926. H is 1933 theory of beta radiation, though not
considered precisely accurate today, gave rise to an enorm ous am ount of
fascinating research in particle physics, resulting in m ore than a dozen N obel
Prizes to date. A fter W orld W ar II his experim ental w ork in high-energy
particle physics helped to lay the groundw ork for the quark theory of m atter
and the Standard M odel of particle physics, producing another string of
N obel Prizes. A lone am ong his true peers, his expertise extended across both
theory and experim ent, a significant anom aly am ong w orld-class physicists.
A nd though he m ay have had a handful of peers in either theory (Paul D irac,
W erner H eisenberg, W olfgang Pauli) or experim ent (A rthur C om pton, Jam es
Franck, I. I. R abi), in the art of teaching, he had none. Som e five of his
graduate students w ent on to w in N obel Prizes and several other future N obel
Prize w inners thought of him  as their prim ary graduate or postgraduate
m entor. In term s of influence as a teacher and m entor, he w as truly unique.



IT IS TH IS C O M B IN A TIO N  O F LA STIN G  SC IEN TIFIC  A C H IEV EM EN T A N D  profound
influence on several generations of physicists, in the U nited States and in
Italy, that m ake his story directly relevant to us today. U nderlying these
achievem ents w as a foundation built on enorm ous talent, but equally
im portant, on a disciplined, alm ost terrifyingly com prehensive effort as a
young m an to teach him self all of know n physics. D uring the period in w hich
he laid dow n this aw e-inspiring foundation, he also developed a unique w ay
of thinking about problem s that allow ed him  to achieve w hat he did and to
inspire those around him . H e learned at an early age how  to strip a problem  to
its essentials and structure the solution in a straightforw ard m anner,
invariably starting at the right place and avoiding com plications that m ight
bedevil others. H e used this technique in a w ide variety of settings, notably in
solving problem s that now  bear his nam e. ―Ferm i problem s‖ can be
sim plified into a finite set of variables w hose values can be estim ated to
w ithin an order of m agnitude. Linking those variables together not only
provides a quick, rough-and-ready solution but also forces one to think about
the elem ents of the problem  that are essential and those that can be safely
discarded. Ferm i problem s often have at their core estim ates of the
probability of one event or another occurring. This w as the type of problem
that Ferm i excelled in solving, in part because during that form ative period of
his intellectual developm ent he m astered probability and statistics as a central
part of his scientific repertoire. C alculations of probabilities run like a bright
thread throughout his w ork and at several crucial points in his career
provided a focus for his m ost im portant breakthroughs‍ the Ferm i-D irac
statistics, for exam ple, or his later fascination w ith M onte C arlo sim ulations.
This w ay of thinking, w hich he passed along to colleagues and students, is
one of his greatest legacies. R ecruiters at firm s like M cK insey and G oldm an
Sachs pepper potential hires w ith Ferm i problem s to see how  they think and
probably never realize the debt they ow e to this giant of m odern physics.

Ferm i‒s ability to grind out solutions to difficult problem s using a w ell-
developed toolkit of techniques w as paired w ith an extraordinary sense of
w hat problem s w ere im portant and an affinity for the quick-and-dirty solution
w hen appropriate to his needs. The form er set him  apart from  m ost of his
contem poraries and ensured that he w ould be at the forefront of his field
throughout his career. The latter w as som etim es m isinterpreted as laziness or,
w orse yet, a fear of com plex m athem atics. H e w as neither lazy nor afraid‍ he
had enorm ous reserves of energy that drove him  to w ork longer and harder



than m any younger colleagues, and he w as a fine m athem atician, able to hold
his ow n w ith geniuses like John von N eum ann‍ but he valued his tim e and
chose to w ork only hard enough to get a practical solution. H e once quipped
to his daughter, N ella, ―N ever m ake som ething m ore accurate than
necessary.‖ O ffered in the context of som e unattractive but functional
carpentry for the living room  of the fam ily hom e, it w as a philosophy that
also guided him  in physics.

H E M A Y  H A V E B EEN  A  W O R LD -C LA SS PH Y SIC IST, B U T H E W A S N O T A  w orld-class
fam ily m an.

A s a husband he could be a frustrating and som etim es infuriating person
to live w ith, as his w ife Laura m akes clear in her largely affectionate but
som etim es arch account of their m arriage, Atom s in the Fam ily, published in
1954, just prior to his death. The incessant teasing, the long periods‍
som etim es m onths‍ spent aw ay from  her, his unw illingness to take her into
his confidence during his w ork on the M anhattan Project all took their toll.
Physics w as the m ost im portant thing in his life and everything else took
second place. Laura knew  this w hen she m arried him , of course, and if she
had any illusions to the contrary, they w ere shattered the afternoon during
their honeym oon w hen he insisted on teaching her M axw ell‒s equations.
There is no doubt, how ever, that they loved each other and eventually
accom m odated them selves to each other‒s idiosyncrasies, as m ost successful
couples do.

H e w as also not the best of fathers. H e helped Laura little in dom estic
m atters relating to raising their children, and Laura seem s not to have
expected anything different. H is daughter, N ella, had great affection for him ,
although even she adm its he could be distant. H is son, G iulio, chafed at
living in his father‒s shadow  and ultim ately put as m uch distance as possible
betw een him self and his fam ily legacy. W hether Ferm i w as any w orse a
father than other successful, driven m en of the tim e is an open question.
Parenting in the 1940s and 1950s w as not the art it is today, and the profile
w e have of Ferm i as a father is not substantially different from  the profile of
m any others at that tim e. In his final years he took his parenting role a bit
m ore seriously, but by then m uch of the dam age had already been done. It
w as, to say the least, difficult being a child of Enrico Ferm i.



TH A T H E IS N O T B ETTER  K N O W N , TH A T PH Y SIC ISTS LIK E R IC H A R D  Feynm an and
Stephen H aw king are m ore w ell know n to the general public, m ay sim ply
reflect the circum stances of his death in 1954 at an early age and before the
w idespread advent of television. Few  film s of his lectures survive, and his
television appearances w ere rare. In later years he m ay have resented the
adulation of Einstein, but in response he did little in the w ay of self-
prom otion. N ot that he had any sense of false m odesty. O ne of Ferm i‒s
U niversity of C hicago colleagues reported being told of the follow ing
conversation betw een Ferm i and his brilliant but troubled graduate student
M ajorana:

M A JO R A N A: There are scientists w ho ―happen‖ only once in every five hundred years, like
A rchim edes or N ew ton. A nd there are scientists w ho happen only once or tw ice in a century, like
Einstein or B ohr.
FER M I: B ut w here do I com e in, M ajorana?
M A JO R A N A: B e reasonable, Enrico! I am  not talking about you or m e. I am  talking about Einstein
and B ohr.

H e had an enorm ous confidence in his ow n abilities, confidence that w as
w ell placed. Perhaps he felt that self-prom otion w as a bit unseem ly. Though
he som etim es loved to show  off to his colleagues, deriving com plex theorem s
from  scratch w hen he could just as easily have looked them  up, he did not
have the com pulsion, notable in som e less secure geniuses, to alw ays m ake
sure that everyone knew  he w as the sm artest guy in the room . H is lack of
self-prom otion, particularly after W orld W ar II, m ay also have resulted from
a belief that his proper focus w as on his research and teaching and not on his
public profile. To the extent that he w as a public figure, it w as as a private
adviser to public bodies such as the U S A tom ic Energy C om m ission. H e w as
one of the first m ajor scientists involved in public affairs, but his advice w as
highly classified and rem ained so for years after his death. H is involvem ent
in these m atters w as fraught, involving him  in controversies that pitted friend
against friend. W hen O ppenheim er asked Ferm i to continue advising the
A tom ic Energy C om m ission in 1951, Ferm i dem urred, convinced that he w as
better suited to a w orld in w hich truth w as clear and w here opinion m attered
little.

A nother reason for his relative lack of profile m ay have been his
resistance to pronouncem ents on broader political or philosophical m atters.
A fter W orld W ar II m any physicists raised their voices in public on issues
related to the developm ent of nuclear w eapons and the accelerating arm s race



betw een the U nited States and the Soviet U nion. Ferm i rarely spoke publicly
about such m atters, reserving m ost of his com m entary, such as it w as, for
private councils of state. N or w as he deeply philosophical, never pondering
the underlying reality behind quantum  theory, never engaging in the kind of
m etaphysical debate that characterized the schools of quantum  theory that
arose in C openhagen and G ôttingen. H e confined his intellect to m atters of
physical reality and to physical problem s that could be solved using the
physics he so loved. Perhaps for this reason quantum  theorist W olfgang Pauli
once quipped, in his typical, acid-tongued w ay, that Ferm i w as a m ere
―quantum  engineer.‖ The general public is fascinated by the philosophical
conundrum s of quantum  theory, but Ferm i chose to ignore these in favor of
focusing on real physics problem s w ith solutions that could be developed
clearly through theory and experim ent. H e w as at core an em piricist, driven
by the em pirical observations of the w orld around him . Y et Ferm i‒s
antiphilosophical orientation w as shared by som e, like Feynm an, w hose fam e
has only grow n over tim e. Feynm an‒s w it, colorful story-telling, and
involvem ent in the C hallenger shuttle investigation have contributed to the
m ystique that still surrounds him . B iographers continue to find him  a
fascinating subject, as they do Einstein and O ppenheim er. In the case of
Ferm i, som e forty-six years have passed betw een English-language
biographies.

Ferm i‒s reputation w ith the public has faded for all these reasons and
perhaps others as w ell. A s others have recently realized, a correction is long
overdue.

N O  O N E R EA LLY  K N O W S H O W  G EN IU S W O R K S, W H Y  IT M A N IFESTS IN  som e
instances and not in others. Even m ore perplexing, w hy do som e scientists
m ake great discoveries and others do not? W hy do som e, like Einstein,
W olfgang Pauli, M arie C urie, John B ardeen, or Ferm i him self, m ake several
great discoveries, w hile other scientists w ith apparently equal talent, like
O ppenheim er, have no such discoveries to their nam e? Ferm i used a w ell-
defined set of techniques to attack problem s in physics, and if a problem
cam e up that did not seem  to fit any of these techniques, he bent the problem
to succum b to them . There w ere, of course, hundreds of physicists w ho knew
these techniques, but alm ost none of them  w ere able to apply them  w ith
Ferm i‒s effectiveness. A t som e point early in his career, w orking alm ost



entirely on his ow n, Ferm i learned how  to look at a problem  carefully, find
the right starting point to address it, and cut through it steadily w ith an
enorm ously pow erful intellect, avoiding all the false starts and dead ends that
m ight trap less talented thinkers, to get at its solution. H ow  he did this, how
Ferm i becam e Ferm i, is in som e sense perhaps an irreducible m ystery.
N evertheless, it is one w orth trying to solve, because understanding how  a
young boy from  R om e becam e, in the w ords of one of his form er students,
―the last m an w ho knew  everything‖ can help us to appreciate the full
potential of the hum an m ind and spirit.
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PR O D IG Y

O N  TH E STR EETS O F R O M E, N O T FA R  FR O M  TH E C EN TR A L TR A IN  station, a
m iddle-aged engineer m eets an adolescent boy, the son of a colleague. The
boy w ants to talk about m athem atics and science. The engineer quickly
realizes that he is dealing w ith som eone w ho has a profound gift for the
subject m atter, a sponge w ho absorbs com plex ideas faster and m ore
thoroughly than seem s possible. The engineer decides to take the lad under
his w ing and give him  a thorough education in m athem atics and physics, one
that goes far beyond w hat is available in the boy‒s high school.

It is im possible to know  w hat m ight have happened if thirteen-year-old
Enrico Ferm i had not m et his father‒s friend and colleague A dolfo A m idei
during the sum m er of 1914 and if A m idei had not taken a deep and sustained
interest in the adolescent and his scientific education. H ow  m any prom ising
intellects have w ithered on the vine because no one w as nearby to cultivate
them ? W hat w e do know  is that A m idei decided to give young Enrico Ferm i
an undergraduate education in m athem atics and physics, thus beginning the
transform ation of a teenage R om an boy into a m aster physicist.

EN R IC O  FER M I‒S FA TH ER , A LB ER TO , A R R IV ED  IN  R O M E IN  TH E 1880S in pursuit of
his career at the Italian M inistry of R ailroads. H e w as born in north-central
Italy near the tow n of Piacenza, nestled in the fertile Po V alley som e forty
m iles southeast of M ilan and tw enty-five m iles due w est of C rem ona, the
fam ous hom e to the great violin m akers of the seventeenth century A ntonio
Stradivari and A ndrea G uarneri. The Ferm is had w orked the land in the
region of Piacenza for centuries, but A lberto‒s father, Stefano, w as am bitious
and found him self an adm inistrative job w ith a local noblem an, the D uke of
Parm a. A lberto, the second of Stefano‒s children, did w ell in the local high



school, but the fam ily did not have the financial w herew ithal to send him  to
university. H e w as, how ever, quite bright and, like his father, am bitious. The
com bination enabled him  to land a job w ith the Italian railroads.

The late nineteenth century found Italy in the m idst of a belated but
intense period of industrialization. U nification of the country in 1870 set off a
national effort to catch up w ith the northern European industrial
pow erhouses. O ne result w as rapid urbanization. R om e, a sleepy m idsized
city of about 150,000 in 1849, w hen the founder of m odern Italy, G iuseppe
G aribaldi, first attem pted to bring it into a unified Italian state, grew  to
slightly over 225,000 people at the tim e of unification in 1870. B y 1901 it
had doubled in size to som e 460,000 residents. A ny such dram atic increase in
an urban population places extraordinary dem ands on a city‒s infrastructure.
In the case of R om e, entire new  residential sections w ere throw n up virtually
overnight, fundam entally changing the look and feel of the city, particularly
in the elevated eastern section, perched above the Q uirinal, V im inal, and
Esquiline H ills.

A nother result w as the rapid developm ent of a national railroad system
that, though predom inantly focused on the m ore prosperous northern
com m unities of M ilan, G enoa, and Turin, provided both em ploym ent and a
certain cultural cachet for R om an w orkers, as w ell. Italians w ere, and rem ain
today, proud of their train system . B ecause it w as developed som ew hat later
than the English and French railw ay system s, Italy‒s railroad benefited from
technological advances unavailable during the earlier efforts of its industrial
neighbors to the north. It provided em ploym ent for laborers and for the better
educated technological elite and quickly m oved through a series of regional
m ergers to centralized national ow nership. The M inistry of R ailroads w as a
prestigious place to w ork, and A lberto could be legitim ately proud of his
career.

In the early years his w ork had m oved him  from  tow n to tow n, and he
ended up in R om e around 1888. Q uickly recognizing his abilities, his
em ployers prom oted him  first to accountant, then to inspector, and eventually
to C apo D ivisione, a fairly high level in the Italian civil service roughly
equivalent to a brigadier general in the Italian m ilitary. B y the tim e Enrico
w as born, in 1901, A lberto had even been nam ed a C avaliere, or knight.
Though not quite as prestigious as its B ritish counterpart, the title reflected
the value his em ployers placed on his skills and perform ance. M ore titles
w ere to follow .



In surviving photographs, A lberto appears reserved and even a bit aloof.
A ttractive but intense eyes peer out from  behind w ire-rim m ed glasses, set
above hollow  cheeks and a m outh obscured by a generous, and presum ably
fashionable, handlebar m oustache. Setting aside the com plete lack of hum or
in his eyes, one could im agine him  singing V erdi arias w hile shaving, a
penchant com m ented upon by Em ilio Segræ, the Italian physicist. H e clearly
had ability and am bition and clim bed the bureaucratic ladder at the m inistry
w ith little trouble.

A long the w ay, he m et a w om an nam ed Ida de G attis. Ida cam e from
B ari, just above the ―heel‖ of the Italian boot in the southeast of the country.
She w as a schoolteacher and younger than A lberto by som e thirteen years.
Trim  and attractive, w ith delicate features and soulful, gentle, tim id eyes, she
caught A lberto‒s attention, and they m arried in 1898. The new lyw eds m oved
to an apartm ent not far from  R om e‒s central train station, Term ini, at V ia
G aeta 19.

The neighborhood just northw est of Term ini w as designed to
accom m odate the influx of w orkers to the new  Italian capital in the m ost
efficient and direct w ay possible. Streets form ed a grid pattern and w ere lined
w ith sm all and relatively undistinguished apartm ent buildings painted in a
variety of M editerranean pastel colors. V ia G aeta 19 stands today, a five-
story ochre edifice w ith tw o apartm ents on each floor and a plaque indicating
its illustrious pedigree as Enrico Ferm i‒s birthplace. D o N ot D isturb signs
hang above the doorbells of the tw o apartm ents on the third floor, presum ably
to w ard off pilgrim s to Enrico Ferm i‒s first hom e.

H ere, Ida gave birth to three children: M aria in 1899, G iulio in 1900,
and Enrico in 1901. Perhaps overw helm ed by the arrival of three infants in
quick succession, or perhaps because as the w ife of a secure and increasingly
prosperous civil servant she felt she had the resources and social position to
do so, Ida Ferm i packed G iulio and Enrico off w ith nannies to the
countryside alm ost as soon as each w as born, a practice com m on am ong
w ealthier R om ans. M aria stayed hom e under Ida‒s direct care. W e do not
know  w hether the brothers w ere kept together, nor do w e know  w hen G iulio
arrived hom e, but it seem s to have been before Enrico. Enrico‒s w ife, Laura,
later w rote that, ow ing to ―delicate health,‖ Enrico w as kept in the
countryside for tw o and a half years. A t that point he w as returned to R om e
and, confronting his real fam ily for the first tim e, he burst into tears of fright.
Ida delivered a stern scolding. C rying w as forbidden in her household. H e



quieted dow n, and from  that tim e on, Laura speculates, he w as responsive to
strict authority.





FIG U R E 1.1. G iulio, Enrico, and
M aria Ferm i, 1904. C ourtesy

of Rachel Ferm i.

G iulio and Enrico w ere inseparable. Enrico w as som ew hat shy and
aw kw ard, and G iulio evidently decided that he w ould be Enrico‒s constant
com panion and protector. The relationship is apparent in one of the first
portraits of all three children, taken in 1904. M aria stands at the right side of
the fram e, strong and proud, w hile the brothers hold hands at the left side of
the fram e, G iulio offering protection to his tim id younger brother.

It w as not long before the boys becam e interested in science. Perhaps
they w ere inspired by G uglielm o M arconi, the inventor of radio, w ho, in the
first decades of the tw entieth century, w as grabbing headlines around the
w orld w ith his experim ents in electricity. A lthough m uch of his w ork w as
done in B ritain, M arconi had becom e a hero in his native Italy. In the process,
he served as an inspiration to countless Italian children, and it w ould have
been strange indeed if the brothers did not com e to w orship him . A s they
grew  older the tw o boys becam e obsessed w ith electricity, engineering, and
everything related. They w ould com e hom e from  school and spend their free
tim e designing and m aking electric m otors, m echanical gadgets, and other
devices. Like m any boys of their age, they w ere also inspired by the daw n of
the age of pow ered flight and reportedly designed an aircraft engine that



im pressed experts. They ate, drank, and slept science and technology.
The boys w ere apparently equally bright, but there the sim ilarity ended.

A s a child Enrico w as quiet and w ithdraw n, alw ays m ost com fortable in the
presence of his outgoing, m ore socially adept older brother. W hen very
young he had a bit of a tem per, w hich earned him  the fam ily nicknam e ―little
m atch,‖ but he eventually learned to control that. Later in life Enrico
developed a robust, sturdy, even gregarious presence, but as a child he w as
distinctly delicate and introverted, perhaps taking after his m other. G iulio had
greater physical presence, not only because he w as a year older but because
he cut a m ore social, m ore verbal, outgoing figure, and initially he w as a
better student. H e w as also, according to the accepted narrative, his m other‒s
favorite. Enrico w as a slow  starter, physically aw kw ard, not particularly
articulate, and incapable of m aking a good im pression during his first years
of school. This began to change, though, and som ew here along the w ay
Enrico developed an affinity for m athem atics. A lthough the m ain fare of
Italian elem entary education at the tim e w as classical studies, Enrico began to
im press teachers and becam e one of the top students in his class. The brothers
spent tim e after school supplem enting their som ew hat m ediocre technical
education at a nondescript liceo (m iddle and high school) by reading science
books and m agazines, keeping them selves abreast of a rapidly scientific
w orld. They m ay not have understood all that w as going on around them , but
they m ust have been aw are of developm ents and excited by them .





FIG U R E 1.2. D raw ing of G iulio
by Enrico, 1914. Photo by
Susan Schw artz. C ourtesy of

D epartm ent of Physics
library, U niversity of Pisa.

In the archives of the U niversity of Pisa‒s physics departm ent resides a
draw ing that Ferm i m ade of his brother, dated June 20, 1914. Enrico w as no
artist, but he enjoyed doodling and sketching, and the profile he drafted of his
brother, w ith obvious care, affection, and attention to detail, dem onstrates
better than perhaps anything else his feelings tow ard G iulio.

Less clear is the relationship that Enrico had during early childhood w ith
his older sister, M aria. It m ay be that the tw o brothers created a herm etically
sealed bubble around them selves, w ith little room  for anyone else. It m ay
also be that, from  a cultural point of view , girls w ere neither expected nor
encouraged to have scientific or technical interests, so M aria w ould probably
have not been responsive even if the brothers had tried to engage her. W e
know  that som etim e later Enrico tried to talk to M aria about a physics book
he picked up at a used bookstall, but she paid little attention. A t this point in
his life, his relationship w ith his sister seem s to have been distant,
particularly in contrast w ith the relationship w ith G iulio.



IN  1908 TH E FA M ILY  M O V ED  FR O M  V IA  G A ETA  TO  A  LA R G ER  A PA R TM EN T
building a few  blocks aw ay in V ia Principe U m berto. They had m ore space,
but still no hot w ater. It w as hom e for Enrico until he left for university in
1918.

M any photographs of the Ferm i children have com e dow n to us from
this period, suggesting the Ferm i fam ily‒s relatively com fortable financial
circum stances. A lberto‒s incom e w as such that photographic portraits and
even som e candid photography w ere regular features of fam ily life. In m any
of these photographs, G iulio and M aria have bright, engaged expressions,
w hile Enrico usually looks dream y and distracted, reserved, and som ew hat
uncom fortable. Ida has a slightly nervous, anxious look about her. A lberto is
generally absent.

O N  JA N U A R Y  12, 1915, G IU LIO  D IED .
The boy developed an abscess in his throat, and Ida and M aria

accom panied G iulio to the hospital to have it rem oved surgically. D octors
assured Ida that the operation w as routine, an outpatient procedure, and there
w as nothing to be w orried about. A s Laura Ferm i describes it:

O n the appointed m orning M rs. Ferm i and M aria accom panied him  to the hospital and set
them selves to w ait quietly in the hall. Suddenly there w as a great com m otion. N urses
rushed into the hall, saying aim lessly, ―D on‒t w orry; you should not w orry.‖ Their tone
w as strained. The surgeon cam e. H e asked the w om en to keep calm . H e could not explain,
he could not quite understand him self w hat had happened. The boy had died before the
anesthesia w as com pleted.

She concludes by observing, ―The blow  could not have been heavier,
nor the fam ily less prepared to receive it.‖

Ever since returning hom e from  his first tw o years in the countryside,
Ferm i and his brother had been inseparable. Enrico had relied heavily on his
m ore outgoing sibling. Their bond w as probably closer than any Enrico
established later in life. H e w as devastated, but characteristically w ould not
show  it. It w as the first of m any incidents in w hich he forced him self to hide
his em otions from  the outside w orld, even from  those closest to him . H e did,
how ever, resolve after several w eeks to w alk by the hospital w here G iulio
died, to confront the tragedy head-on to prove that he could deal w ith his
grief.

M any years later he nam ed his son after the brother he lost.



H is m other‒s grief w as m ore visible, m ore sustained, and m ore
debilitating. For years afterw ard she w ould break into tears suddenly, w ithout
provocation, and she spent long periods in a state of depression. She
gradually w ithdrew  from  the fam ily and died in the spring of 1924 at the age
of fifty-three, an end certainly hastened by G iulio‒s passing.

W hat m ight have happened had G iulio lived into adulthood? K now ing
w hat Enrico w ould eventually accom plish, it is alm ost inconceivable that
Enrico w as the less talented of the tw o. Perhaps, incredibly, G iulio w ould
have continued to outshine his little brother. O r m aybe little Enrico w ould
have eventually eclipsed the m ore socially adept G iulio. M aybe their interests
w ould have diverged at a certain point, w ith one going into a field other than
physics. Even m ore satisfying to contem plate, perhaps they m ight have
w orked together in brilliant harm ony throughout their lives. In the end,
how ever, w e are left w ith unsatisfying, unansw erable questions.

A T A B O U T TH IS TIM E, TW O  IM PO R TA N T PEO PLE EN TER ED  FER M I‒S LIFE.
O ne w as a classm ate of G iulio‒s nam ed Enrico Persico. Persico had

observed the brothers from  afar for som e tim e and had concluded that there
w as no room  for a third w heel in the relationship. W ith G iulio gone, Persico
reached out to the younger brother. H is efforts w ere greeted enthusiastically.
The tw o Enricos shared a love of science and technology, and soon they
picked up w here the tw o brothers had left off, absorbing science and m ath
books, concocting experim ents, and hanging out together w henever possible.

Persico w as not m uch taller than Ferm i, but he had the face of a tall
m an, dram atically elongated w ith a prom inent aquiline nose, an alm ost
nonexistent forehead, and eyes that sparkled w ith intelligence and good
hum or. H e becam e som ething of a fixture around the Ferm i household.
Persico soon realized that his new  friend w as exceptional. Y ears later he
w rote about these early days of their friendship:

W e form ed the habit of taking long w alks together, crossing the city of R om e from  one
side to the other, discussing all kinds of subjects w ith the brashness of youth. B ut in these
adolescent talks Enrico brought a precision of ideas, a self-assurance, and an originality
w hich continually surprised m e. Furtherm ore, in m athem atics and in physics he show ed a
know ledge of m any subjects w ell beyond w hat w as taught at school. H e knew  these topics
not in a scholastic fashion, but in such a w ay that he could use them  w ith extrem e facility
and fam iliarity. For him , even at this tim e, to know  a theorem  or a law  m eant chiefly to
know  how  to use it.



O n these w alks, the tw o Enricos w ould som etim es go hunting for books
to satisfy their hunger for science, a quest that brought them  from  the grid
streets of new  R om e to the ancient, m eandering alleys and passagew ays of
the historic center of the city, off the C orso V ittorio Em anuele II. A  left turn
dow n V ia del Paradiso, a particularly narrow  alley, led them  eventually to a
large, ancient square, the C am po de‒ Fiori, w here every W ednesday a used
book m arket attracted visitors in search of the odd special volum e unavailable
at regular bookstores. The boys scoured the stalls for item s of interest. O ne
particular edition they found w as a nineteenth-century physics text by a Jesuit
priest nam ed A ndrea C araffa. A  tw o-volum e sum m ary of all that w as know n
about classical physics in 1840, the year of its publication, the boys quickly
snapped it up, and Ferm i absorbed it enthusiastically. A s reported by Laura
Ferm i, he couldn‒t stop talking about it to his sister, M aria, as he read it.
Indeed, so enthralled w as he that he barely noticed it had been w ritten in
Latin.

The tw o boys conducted a variety of experim ents, som e of them  fairly
sophisticated given the boys‒ ages and education. They m easured the density
of R om an tap w ater. They calculated the strength of the gravitational and
m agnetic fields in R om e. They even tried to explain the behavior of a
spinning top, even though neither knew  the m athem atics and physics that
w ould have m ade this difficult problem  a bit easier.

Particularly im pressive, in retrospect, w as Ferm i‒s know ledge of and
enthusiasm  for the theory of relativity. In later years Persico recalled
extended conversations in w hich his young friend w ould enthuse about
Einstein‒s radical theory of gravity. Persico served as Ferm i‒s first ―student,‖
if one discounts Enrico‒s failed earlier attem pts to interest M aria in the
C araffa book. Ferm i enjoyed explaining ideas to his new  friend, and Persico
w as a ready pupil, eagerly absorbing Ferm i‒s explanations of fairly com plex
concepts in physics. This w as the first tim e that Enrico discovered his knack
for conveying physics in w ays that others less gifted could clearly
understand, a knack that w as to figure prom inently in future years.

W ith Persico, Ferm i w as educating him self w ith the C araffa volum es
and other scientific books, and at liceo, he w as exposed to Latin, G reek,
history, and Italian literature. Ferm i particularly enjoyed the traditional Italian
epic poem  ―O rlando Furioso‖ (the Italian version of the ―Song of R oland‖)
and in later years w ould im press friends w ith recitations of D ante from
m em ory. Languages cam e easily to him , w hich m ay explain w hy he w as



hardly aw are that the C araffa volum es w ere w ritten in Latin. In these
subjects, he w as a good student, but not extraordinary. It is clear that any
advanced m athem atics and physics he absorbed had nothing at all to do w ith
w hat he w as learning in school.

Ferm i and Persico separated in 1918 w hen Ferm i headed to Pisa for
university and Persico rem ained in R om e. O ver the next four years, they
stayed in close touch by letter and saw  each other often during school
holidays. W hen Ferm i eventually returned to R om e for good, they resum ed
their deep and lasting friendship.

Enrico had fun w ith other youngsters, as w ell, in the process developing
a love of outdoor physical activity that w ould continue unabated throughout
his life. H e loved to play soccer and the perennial Italian schoolboy favorite
French W ar, described by Laura Ferm i as an Italian form  of the C ops and
R obbers gam e so popular in A m erica, w ith just a hint of youthful
nationalism . Y et he never drew  personally close to these playm ates, saving
his friendship and affection for the other Enrico.

W hile the tw o Enricos‒ bond strengthened as they explored the w orld of
physics, another person entered Ferm i‒s life, an older m an w ho knew  a great
deal m ore than either of the boys about m athem atics and physics. This m an
w ould becom e central to Ferm i‒s early intellectual developm ent.

A D O LFO  A M ID EI W A S A N  EN G IN EER  FO R  TH E R A ILW A Y  C O M PA N Y , w ith a rank of
chief inspector‍ one rung above A lberto Ferm i. In spite of the difference in
rank, the tw o m en becam e friends, and during the sum m er of 1914 they
began to w alk hom e together after w ork, w hich suggests that they lived close
to one another.

A m idei w as from  V olterra, about fifty m iles south of Pisa. Seven years
younger than A lberto Ferm i, he show ed early technical proficiency and w as
adm itted to the pure m athem atics program  at the U niversity of Pisa, w here he
eventually broadened his studies to include physics. H e joined the regional
railw ay system  as an engineer and junior inspector, and w hen various
regional com panies m erged to create a national railw ay com pany, he m ade
the m ove and w as soon prom oted to full inspector. B y the tim e A m idei m et
young Enrico, he w as a principal inspector. H e w as prom oted repeatedly
throughout his long and successful career and retired in 1940 w ith the title of
C apo C om pagnia 1a C lasse. A long the w ay, like A lberto, he w as nam ed a



C avaliere by the Italian governm ent.
Som etim e during the sum m er of 1914, as Europe edged tow ard

catastrophic w ar, Enrico began to m eet his father after w ork and accom panied
him  on the forty-m inute w alk from  the m inistry to their apartm ent on V ia
Principe U m berto. A m idei occasionally joined the father and son, and soon
Enrico learned that his father‒s colleague w as an engineer w ith a strong
m athem atics and physics background. H e sum m oned up the courage to ask
A m idei a particularly abstruse question: ―Is it true that there is a branch of
geom etry in w hich im portant geom etric properties are found w ithout m aking
use of the notion of m easure?‖

A m idei explained to the youth that this branch of m athem atics w as
know n as projective geom etry. The idea puzzled Ferm i, and he asked, ―B ut
how  can such properties be used in practice‍ for exam ple, by surveyors or
engineers?‖ A m idei recalled that in Pisa he had studied a book on projective
geom etry by a G erm an m athem atician nam ed Theodor R eye that had an
excellent introduction explaining the practical uses of the discipline. H e lent
Enrico the book. Tw o m onths later Enrico revealed he had m astered the
m aterial, having w orked through all of the theorem s and solved all the
problem s at the back of the book. A m idei w as understandably skeptical
because the book had been difficult for him  as a university student and, as a
result, he had never com pleted the proofs him self. W hen Ferm i gave A m idei
the proofs for the theorem s, the older m an‒s doubts vanished.

Enrico Ferm i w as thirteen years old.
This anecdote about Ferm i‒s grasp of projective geom etry is the first

exam ple w e have of w hat w ould becom e Ferm i‒s typical style of learning. H e
studied R eyes‒s book by him self (or if it w as w ith som eone, it w as w ith
G iulio, w ho had not yet died) and, not satisfied w ith a cursory reading,
w orked through the proof of every theorem  in the volum e until he m astered
the entire text. A t this young age he displayed independence, thoroughness,
and a w illingness to grind through difficult m aterial to ensure he m astered it.
In this, as in all future w ork, he w as never satisfied w ith a superficial grasp of
a subject.

A m idei w as suitably im pressed and later w rote, ―I becam e convinced
that Enrico w as truly a prodigy, at least w ith respect to geom etry. I expressed
this opinion to Enrico‒s father, and his reply w as: Y es, at school his son w as a
good student, but none of his professors had realized that the boy w as a
prodigy.‖



This m ay not strictly be true. Ferm i scholar R oberto V ergara C affarelli
cites a letter to Laura Ferm i from  Ida‒s sister O lga, dated A ugust 27, 1951, in
w hich O lga recounts a chance encounter during this early period of Ida, O lga,
the young Enrico, and Enrico‒s teacher from  his m iddle school. The teacher
shook hands enthusiastically w ith m other and aunt, proclaim ing the young
Enrico a ―second G alileo.‖ H e m ay have been the first, but w ould not be the
last, to do so. O f course m em ories shift and distort through the lens of tim e,
and by 1951 O lga de G attis‒s m em ory of the event m ay w ell have been
colored by Enrico‒s subsequent developm ent into a m aster physicist, but
som ew here during this period a tow ering intellect started to m ake itself
know n. A m idei m ay not have been the first to notice it, but he certainly w as
the first to do anything about it.

C onfronted w ith this young phenom enon, A m idei took a fateful step.
Enrico had m entioned his forays into the bookstalls at C am po de‒ Fiori and
his efforts to learn physics and m athem atics from  odd books he picked up. It
w as just at the tim e w hen Ferm i and his brother (and later Persico) w ould try
to explain the physics of spinning tops. R esponding to this, A m idei decided
to im pose a certain intellectual structure on Ferm i‒s education. H e w ould
guide the youth through a carefully arranged sequence of textbooks to
educate him  in undergraduate physics. H e explained that a fundam ental
understanding of the behavior of a top w ould require a thorough grounding in
classical m echanics, w hich first required a foundation in trigonom etry,
analytical geom etry, algebra, and calculus, including differential equations.
O nce he had this under his belt, he assured his young friend, Enrico w ould
find the equations of m otion for a spinning top easier to understand.

This disciplined approach appealed to Ferm i, although in retrospect it is
apparent that he also continued his forays into physics textbooks
independently of the inform al but highly accelerated plan A m idei outlined.
The curriculum  does not look that m uch different from  w hat a young entry-
level physics undergraduate w ould undertake today. A m idei first intended to
give Ferm i a sufficiently strong foundation in m athem atics to begin a serious
study of classical m echanics.

A m idei sequenced the m athem atics carefully over the next three years,
beginning w ith trigonom etry and m oving through analytical geom etry to
calculus. It helped that A m idei w as a proficient m athem atician and that
Italian m athem aticians at that m om ent stood at the forefront of the field
internationally. It also helped that A m idei w as teaching a unique genius.



B y 1917‍ Ferm i w as fifteen or sixteen‍ A m idei believed that Ferm i
w as ready for a thorough course in classical m echanics and lent him  the
classic treatise on the subject by French m athem atician Sim çon-D enis
Poisson, originally published in tw o volum es, in 1811 and 1833.

For the study of classical m echanics and the m athem atics required to
understand it, no better curriculum  could be provided, not even today. N ot
only is the subject m atter virtually unchanged since these books w ere w ritten
but also the volum es represent the very best thinking on the subjects they
cover.

Y ears later A m idei rem ained astonished by Ferm i‒s ability to absorb
m aterial. Som e forty years after the fact, he recalled that by the tim e Ferm i
graduated from  liceo (in 1918, a year early):

I had already ascertained that w hen he read a book, even once, he knew  it perfectly and
didn‒t forget it. For instance, I rem em ber that w hen he returned the calculus book by
[U lisse] D ini I told him  that he could keep it for another year or so in case he needed to
refer to it again. I received this surprising reply: ―Thank you, but that w on‒t be necessary
because I‒m  certain to rem em ber it. A s a m atter of fact, after a few  years I‒ll see the
concepts in it even m ore clearly than now , and if I need a form ula I‒ll know  how  to derive
it easily enough.‖

A m idei‒s efforts notw ithstanding, Ferm i could not keep him self from
som e side reading in physics. A t the central public library of R om e, he
tackled the m agisterial five-volum e, four-thousand-page Treatise on Physics
by R ussian physicist O rest C hw olson. N ot for the faint of heart, it covers in
depth every aspect of classical physics‍ m echanics, therm odynam ics,
statistical m echanics, optics, electrom agnetic theory, even acoustics. A fter
discovering that he had already m astered som e thousand pages of the text,
presum ably as a result of his study of Poisson, he spent tim e every m orning
in the library poring over the balance of the book, assim ilating its m aterial,
w orking out problem s. It took him  a little over a year, from  A ugust 1917 until
Septem ber 1918, but m aster it he did.

A ccording to Persico, he and Ferm i also studied a relatively new  book
by B ritish physicist O w en W . R ichardson, The Electron Theory of M atter.
Published in 1914, it w as a graduate-level text, incorporating B ritish physicist
Joseph John (J. J.) Thom son‒s 1897 discovery of the electron into the broader
fram ew ork of electrom agnetic theory. B y the tim e they tackled it, the tw o
youths had significant physics and m athem atics under their respective belts.
(A  few  years later, Ferm i also recom m ended the book to his university friend



Franco R asetti.)
For A m idei, the experience of m entoring Ferm i w as sufficiently

profound that he decided to w rite dow n statem ents m ade by the boy as a
record for posterity‍ hence the reliability of his recollections four decades
later.

For Ferm i, as w ell, the experience w as extraordinary. H ere w as an adult
he could talk to about the subjects that m attered m ost to him , som eone w ho
cared enough to tutor him  on all things related to m athem atics and physics. It
m ay also have been the first tim e Ferm i fully realized his great gifts in these
areas. Tim e and again he discovered that he understood the m aterial A m idei
threw  at him  faster and m ore com prehensively than A m idei ever could. A n
experience he w ould have throughout his subsequent education, it gave him  a
sense of confidence in his abilities that w as only to grow  in later years.

D uring this last year, A m idei inquired as to w hether the young m an,
now  sixteen years old, w anted to pursue m athem atics or physics at university.
Ferm i‒s reply w as straightforw ard: ―I studied m athem atics w ith passion
because I considered it necessary for the study of physics, to w hich I w ant to
dedicate m yself exclusively.‖ M athem atics w as the m eans to an end. H e
w ould alw ays be proud of his m athem atical ability, som etim es to the point of
boastfulness, but physics w ould alw ays be his one true love.

A m idei understood that Ferm i‒s decision at such a young age to becom e
a practicing physicist m eant that Ferm i needed to learn G erm an. The w orld‒s
leading physics journals‍ m ost notably Annalen der Physik and Zeitschrift
fúr Physik‍ w ere published in G erm an. A m idei insisted, and Ferm i com plied,
once again dem onstrating his ability to quickly m aster a new  language. W hen
he arrived at university in the fall of 1918, he w as, according to friends,
reading G erm an as he read Italian.

A LL O F TH IS W A S TA K IN G  PLA C E A G A IN ST TH E B A C K D R O P O F W orld W ar I.
W hen Italy entered the conflict in m id-1915, on the side of the A llies,

neither A m idei nor Ferm i‒s father w as drafted. They w ere too old and, also,
to the extent that the railw ays w ere a strategic asset in the w ar, they both held
im portant positions right w here they w ere.

It m ay have been a relief for A m idei to have the distraction of training
young Enrico in the intricacies of m athem atics and physics. The w ar effort
cost Italy dearly, although not as m uch as other European com batants:



betw een 460,000 and 610,000 m en w ere lost, few er than for England, France,
or G erm any, but an enorm ous loss nevertheless. Fortunately, the w ar did not
directly affect the Ferm i fam ily, but it w as a m ajor concern for them . A nd it
did have a direct effect on the intake of students at the Scuola N orm ale
Superiore in Pisa, w here Ferm i landed in the fall of 1918, just as the w ar w as
ending. N ine of his tw elve classm ates w ere adm itted in 1915 but w ere
deferred for m ilitary service until the w ar ended.

That said, Enrico‒s distance, both psychologically and physically, from
the travails of the w ar is notable. It seem s not to have affected him  at all.
Perhaps the loss of his brother w as enough. Perhaps com pared to G iulio‒s
tragic and untim ely death, the im personal statistics of Italian w ar dead sim ply
did not register. W e know  that Ferm i threw  him self into his friendship w ith
Persico and his studies w ith A m idei w ith an energy and passion that bespeaks
a gritty determ ination to overcom e that loss, a far greater personal loss than
anything the w ar raging around him  could deliver.

B Y  TH E FIN A L Y EA R  O F LIC EO , A M ID EI H A D  W O R K ED  W ITH  EN R IC O  for alm ost four
years and understandably took a proprietary interest in the young prodigy‒s
future. In A m idei‒s view , that future lay in one direction: Pisa‒s Scuola
N orm ale Superiore.

The school w as founded by N apoleon in 1810 as an Italian equivalent to
the Çcole norm ale supçrieure in Paris. B y 1918 it w as the m ost prestigious
institution of higher education in Italy. O nly a dozen or so students w ere
adm itted every year, half of w hom  w ould focus on the hum anities, half on the
sciences. In Ferm i‒s year it w as even m ore com petitive than in previous
years, given the deferrals granted because of the w ar. The com petition for the
three open spots w as intense.

The U niversity of R om e w as another obvious option, but A m idei‒s
advice to A lberto and Ida w as to send Enrico to Pisa. The Scuola N orm ale
had produced tow ering figures in m athem atics and the hum anities, and its
m athem atics faculty w as w orld class. That there w ere no notable physicists
(except perhaps for V ito V olterra, m ore of a m athem atician than a physicist)
am ong its graduates w as m ore a com m entary on the state of Italian physics at
the tim e than on the school. Indeed, physics students w ould be expected to
take a parallel set of courses in physics at the U niversity of Pisa, just a short
w alk aw ay.



Ferm i‒s parents objected. They w ere proud of Enrico and w anted the
best for him , but they also w anted him  to rem ain at hom e. In an age before
w idespread access to telephones, sending Enrico off som e tw o hundred m iles
north w ould m ean that they w ould have no contact w ith him  except for the
occasional letter. The devastating loss of G iulio m ade Enrico‒s parents,
especially Ida, doubly reluctant to part w ith their son. The U niversity of
R om e w as strong and the physics departm ent w as close enough to w alk to, in
an area just to the w est of the grand Santa M aria M aggiore church on the
Esquiline H ill, on a street called V ia Panisperna. A  fam ous physicist, O rso
M ario C orbino, had just taken over the physics departm ent, w ith the intention
of m aking it an elite center for teaching and research. H e w as also a rising
figure in the Italian governm ent, having been nam ed chairm an of the Public
W orks C ouncil (he w ould soon becom e a m em ber of the senate, too). W hy
couldn‒t Enrico study w ith him ? That A m idei succeeded in persuading them
to allow  Enrico to apply to the Scuola N orm ale and, once accepted, to attend
is a testam ent to A m idei‒s persistence and com m itm ent to Enrico‒s
advancem ent. It is also clear that Enrico w anted to go, even though doing so
w ould separate him  from  his parents and from  Persico, w ho had decided to
attend the U niversity of R om e.

The entrance exam  paper Ferm i subm itted for physics rem ains legendary
to this day. The subject w as a close analysis of the vibrations of a rod fixed at
one end. H e brought to bear all that he had learned from  Poisson and
C hw olson about harm onic w aves and their behavior, and the analysis he
presented dem onstrated a graduate level of sophistication. The exam iners
w ere m ore than im pressed. They m ay have suspected fraud and in any case
w anted to m eet the youngster w ho subm itted the essay. The exam iner, a
professor of geom etry at the U niversity of R om e nam ed G iuseppe Pittarelli,
called Enrico in for an interview , som ething that rarely if ever occurred. In
the course of the interview , the young prodigy satisfied Pittarelli that the
w ork w as his ow n. Pittarelli considered the exam  to be at the level of a
doctoral thesis and told him  so. H e also told Ferm i that he w as destined to
becom e an im portant scientist. Ferm i placed first am ong those w ho took the
exam  and w as adm itted w ithout reservation. H e w ould, in tim e, becom e the
fabled institution‒s m ost fam ous graduate.

W ith trepidation and heavy hearts, A lberto and Ida bade farew ell to
Enrico in O ctober 1918. H e w as off to Pisa, w here the next phase of his life
as a physicist w ould begin.





C H A PTER  TW O

PISA

PISA  IS A  LITTLE O V ER  TW O  H U N D R ED  M ILES N O R TH  O F R O M E, but in 1918 it
w as, and rem ains, centuries apart in tim e. The R om e Ferm i left behind w as a
turbulent, noisy, crow ded m ess‍ a beautiful m ess, an inspiring m ess, but a
m ess just the sam e; a nineteenth-century city in full-throated transition to the
tw entieth century. In sharp contrast, Pisa w as a quiet, m edieval university
tow n, frozen som ew here in the early to m id-fourteenth century, w hen it lost
out to its great com m ercial and cultural Tuscan rival, Florence. The
university officially dates itself from  1343, but like its counterparts
throughout Europe, Pisa w as probably hom e to scholars at least as early as
the eleventh century. W hen Ferm i arrived in late 1918, the m ain academ ic
departm ents, including physics, w ere housed in old buildings scattered
around the m edieval heart of the city; now  the only departm ents that rem ain
there are those relating to hum anities, philology, history, and law . The
technical and scientific departm ents, as w ell as the m edical school, have
m igrated to m odern, functional facilities on the city‒s outskirts. In Ferm i‒s
tim e the physics and m athem atics departm ents w ere in an ochre nineteenth-
century edifice in Piazza Torricelli, a short w alk from  the Scuola N orm ale
Superiore in Piazza dei C avalieri. They are now  about half a m ile east, just
inside the old city w alls. The older building w as not architecturally
distinguished, but neither is the new  one. It is, in fact, a 1974 renovation of a
textile factory built in 1939 by the fam ous Pisan Jew ish fam ily, the
Pontecorvos.

H ow ever, the building that houses the Scuola N orm ale Superiore is
indeed distinguished and m ust have seem ed m agical to the young Ferm i.
Largely the w ork of R enaissance architect G iorgio V asari, it is one of the
m ost beautiful buildings in a city know n for the m agnificence of its
architectural heritage.



Students w ho are adm itted to the Scuola are also adm itted to the
university and are required to take classes at the university in addition to the
sem inars offered at the Scuola N orm ale. They receive degrees from  both
institutions, a licenza from  the Scuola N orm ale and a laurea from  the
university. The laurea entitles the holder to be called dottore, although it is
not the equivalent of a PhD , w hich w as officially adopted in Italian education
only in 1980. In later years a form al graduate program , called a
perfezionam ento, w as added to the Scuola N orm ale‒s offerings. Today only
about sixty undergraduates out of a pool of one thousand applicants are
adm itted to this m ost prestigious and com petitive academ ic institution in
Italy.

Students, called norm alisti, w ere housed in sm all room s w ithin the
palazzo, each equipped w ith a sim ple desk and bed. There w as no central
heat, and the students relied on sm all coal burners to provide w hat little
com fort they could get during the raw  Tuscan w inters. The Scuola N orm ale
provided free room  and board as w ell as a sm all stipend. In this, norm alisti
had it easier than other less exalted university students, w ho w ere on their
ow n w hen it cam e to finances and to housing. U nlike O xford or C am bridge,
the U niversity of Pisa w as not organized along a residential college system ,
and to this day students are expected to find their ow n accom m odations
w ithin the city, although the education is heavily subsidized.

A nd so Enrico Ferm i arrived in this quaint ancient college tow n, intent
on m astering his chosen field.

FER M I‒S R EPU TA TIO N  SU R ELY  PR EC ED ED  H IM , A N D  PR O FESSO R S LIK E fam ed
m athem atician Luigi B ianchi and Luigi Puccianti, the professor of physics at
the university, w ere probably already aw are of the young m an and his
brilliant entrance exam  in physics. Ferm i m ust have sought them  out, too,
given his training w ith A m idei and his independent reading. It w as clear to
everyone that he had already m astered the physics coursew ork on offer, w ith
the exception of experim ental physics. M uch of his tim e w ould be spent on
independent reading and study.

O ddly enough, given w hat he told A m idei regarding his desire to study
only physics, he started off as a m athem atics student, perhaps reflecting the
Scuola N orm ale‒s w orldw ide reputation for its m athem atics faculty. Faculty
m em bers had w ritten m any of the textbooks A m idei had provided during



Ferm i‒s inform al studies in R om e. The m athem aticians of the Scuola
N orm ale w ere not m erely textbook w riters, they w ere at the cutting edge of
the field and quite pow erful at the school, a fact that could not be said for the
physicists either at the Scuola N orm ale or at the university. This m ay account
for Ferm i‒s decision to enroll in the m athem atics degree program . W ithin a
year, how ever, he had shifted his form al focus to physics, taking courses at
the university under the guidance of Puccianti, w ho soon realized that the
best w ay to educate the young prodigy in physics w as to let him  loose in the
university library.

Ferm i attended lectures and sem inars, both at the Scuola N orm ale and at
the university, but in letters to Persico, he indicated that the lectures took
relatively little tim e and effort and he spent m uch of his tim e in independent
study. The Scuola N orm ale expected its science students to take a full load of
physics, m athem atics, and chem istry. Ferm i earned perfect grades across the
board. H e took courses in G erm an and received perfect grades in that subject,
too. A t the university, his transcript show s perfect perform ance in every
science course, w ith honors in m ost. The one course in w hich he did not
receive a perfect grade w as in Freehand D raw ing (D isegno a m ano libera), in
w hich he received a ―24‖ out of ―30.‖ H e had covered alm ost all of the
required m aterial in m athem atics and physics during his tim e w ith A m idei, so
the class w ork w as sim ple and he had plenty of free tim e to spend in the
library, keeping up w ith research articles on quantum  physics and relativity in
the m ajor physics journals. Enrico‒s letters to Persico suggest that the only
courses that involved som e w ork for him  w ere those in chem istry‍ not
surprising, because he had not studied chem istry w ith A m idei and had little
interest in the subject.

TH E EN TER IN G  C LA SS A T TH E SC U O LA  N O R M A LE IN  1918 W A S U N U SU A L, the bulk
of the class having been adm itted in 1915 but only now  arriving in Pisa w ith
the w ar‒s end. The Scuola N orm ale had long been a training ground for
Italy‒s intellectual and cultural elite, and Ferm i‒s class w as to prove no
exception. A m ong his classm ates w ere individuals destined for great
achievem ent in m athem atics, astronom y, and physics. O ne of those he
quickly befriended w as a young m an nam ed N ello C arrara, w ho had arrived a
year earlier. Skinny and athletic, he and Ferm i becam e fast friends.

There w as, how ever, another student, not at the Scuola N orm ale but



enrolled as a physics student at the university, w ith w hom  Ferm i w ould
develop a legendary, lengthy professional and personal relationship. H is
nam e w as Franco R asetti.

B orn in a sm all village in U m bria near the tow n of C astiglione del Lago,
R asetti w as about six w eeks older than Ferm i, but in appearance he could not
have been m ore different. Tall and beanpole thin, w ith a scraw ny neck and
bony face, he gave the im pression of a hum an ostrich. H e w as close to his
m other, and w hen R asetti w as adm itted to university the w hole fam ily m oved
to Pisa, w here they lived together in an apartm ent in tow n.

R asetti w as a true eccentric. H e initially chose physics as a subject for
university study because, he later explained, it w as not a science that
involved m em orization and classification and w ould thus be a challenge for
him . B ut in fact he had an extraordinary m em ory and focused it on
classification projects in m arine biology and botany; he w as able to identify
thousands of different species of m ollusks and flow ers. In later years he
w ould turn from  physics to biology as his prim ary field of study.

R asetti m et Ferm i in science classes at the university, and the tw o
im m ediately hit it off. Ferm i becam e a frequent visitor to the R asetti
household and often dined w ith them  despite the fact that norm alisti received
free room  and board. The young m en shared an im pish sense of hum or and
soon form ed an ―A nti-N eighbor Society‖ dedicated prim arily to irritating
m em bers of the public w ith pranks and public displays of disrespect. O ne of
their favorite pastim es w as tossing bits of sodium  into Pisa‒s public urinals,
enjoying the reaction of those at the urinals w hen the sodium  exploded upon
contact w ith w ater. They w ould w alk up to strangers and put padlocks
through buttonholes on their jackets, locking the jackets closed. Ferm i even
played this prank on R asetti, padlocking the front door of the R asetti
household closed w hile the fam ily w as inside. They loved to place a pan of
w ater atop a door that w as slightly ajar and w atch as an unsuspecting victim
brought the pan dow n on him self. They fought m ock sw ord fights on the
rooftops of Pisa. They concocted a stink bom b and exploded it in a classroom
during a lecture, for w hich they w ere alm ost expelled. They w ere saved only
through the intervention of Professor Puccianti, w ho prevailed on them  to
lim it pranks to those w ho w ould not get them  into further trouble w ith
university authorities.

W hen they w ere not w reaking havoc in tow n, they w ere hiking in the
m ountains north of Pisa, often joined by N ello C arrara. The three of them



loved strenuous physical activity and spent m ost free w eekends, w eather
perm itting, hiking in the A puan A lps north of the tow n, hom e to the fam ous
C arrara m arble quarries. For Ferm i this w as the beginning of a love affair
w ith m ountain hiking, an activity he pursued to the end of his life. The A nti-
N eighbor Society eventually grew  into a larger circle of friends, both m ale
and fem ale, w ith slightly m ore congenial am bitions. The m em bers w ould
spend w eekends exploring the hills and m ountains above Pisa, Ferm i
typically out in front, charting the path for the day‒s w alk, leading the w ay,
and determ ining w hen they w ould return. H e w as the group‒s natural leader,
and in a pattern that w as to be repeated throughout his life, people around
him  w ere happy to follow  w herever he decided to go.

Ferm i‒s exposure to the opposite sex w as not lim ited to w eekend jaunts
w ith the A nti-N eighbor Society. B oth the Scuola N orm ale and the university
adm itted w om en. In a letter he w rote to Persico, Ferm i revealed a distinctly
unattractive attitude tow ard his fellow  fem ale students, com posing a cruel
skit in w hich he ridiculed them ‍ ―barring one or tw o exceptions ugly enough
to scare anybody‖‍ by portraying them  as incapable of reducing a sim ple
fraction. Y et he m ust have been attractive to w om en. They enjoyed hiking
w ith him  and found him  intellectually im pressive and self-confident. They
m ight w ell have also found him  to be slightly im m ature. The com bination of
Ferm i and R asetti, w ith their constant teasing and posturing, w ould have been
enough to try anyone‒s patience, as it clearly did w ith young Laura C apon a
few  years later. Ferm i‒s eagerness to ridicule the intellectual abilities of the
w om en around him  w ould not have been particularly unusual in his day, or
decades later, for that m atter. Perhaps it reflected m erely the w idely shared
prejudices of his tim e and culture. M ore than likely, it w as also a bravado
w ith w hich he could m ask his aw kw ardness around w om en, an ineptness he
w ould eventually outgrow .





FIG U R E 2.1. Ferm i, R asetti,
C arrara in the A puan A lps
north of Pisa. C ourtesy of

Am aldi Archives, D epartm ent
of Physics, U niversity of
Rom e, La Sapienza.

A T TH E U N IV ER SITY , FER M I A N D  R A SETTI TO O K  M A N Y  C O U R SES together. O ne
such course w as analytical chem istry. In one m em orable lab session, they
w ere asked to identify the com ponents of a chem ical m ixture using the
analytical chem istry techniques they w ere supposed to m aster. Looking at the
m ixture, Ferm i decided that it w ould be easier and m ore straightforw ard to
exam ine it under a m icroscope and visually identify the com ponents. They
scored a perfect grade for the lab. N o one w as the w iser.

U niversity life w as not all fun and gam es. Ferm i w as a serious,
passionate student of physics and his independent reading stayed w ith him
throughout his w orking life. H e m astered Poincarç‒s classic w ork on the
hydrodynam ics of w hirlpools and absorbed tw o other classic books, A ppel‒s
M echanics and Planck‒s Therm odynam ics, so w ell that he could recall proofs
from  them  years later. H is know ledge of relativity and quantum  theory w as
soon greater than that of his teachers, and he frequently gave lectures on
relativity. Puccianti, a generous, very old-fashioned physicist, w ould ask
Ferm i to lecture him  on theoretical subjects that puzzled the older m an. In



these sessions Ferm i honed his pedagogical skills, skills that w ould play a
central role in his subsequent career. Puccianti appreciated these m ini-
sem inars so m uch that he eventually dubbed the younger scientist his very
ow n expert on relativity.

Ferm i spent the sum m er of 1919 betw een his hom e in R om e and his
grandfather‒s hom e just outside Piacenza and began a process that w ould
continue throughout his life and distinguish him  from  virtually every other
physicist of his generation. H e dutifully recorded the entire sum  of his
know ledge of physics in a carefully organized notebook, w ritten in m iniscule
handw riting. Subsequent notebooks‍ tw enty-five of w hich are in the Ferm i
archives at Pisa‒s D om us G alilaeana and several dozen m ore in the archives
at the U niversity of C hicago‍ reflect the astonishing, continuous intensity of
his physics activities. H e w as, in a real sense, the V oltaire of physics, alw ays
scribbling aw ay in his notebooks, solving problem s.

The 1919 notebook is 102 pages long and contains a w ide range of
m aterial on advanced physics. O ne senses that this notebook, and all
subsequent ones, served as his w ay of internalizing a deep foundational
know ledge of physics that he carried w ith him  for the rest of his life. G iven
his appreciation for his ow n abilities, he m ay even have w ritten the notebook
w ith a view  tow ard future historians interested in how  he learned his
discipline.

It soon becam e apparent to those around him , students and faculty alike,
that they w ere in the presence of a rare m ind. A s w ould happen often during
the M anhattan Project som e tw o decades later, professors w ould call him  to
solve equations that proved resistant to straightforw ard solution. In response,
he w ould w ork his w ay steadily to the solution the professor had been
struggling tow ard. H e also developed som e of the personal tics that w ould
stay w ith him . W hen lost in thought he w ould grab som e nearby object‍
chalk, pencil, or, in one case, a pen knife‍ and fiddle w ith it absently. W ith
the pen knife, he tapped it in the open position against his forehead near his
right tem ple and sliced him self by accident, leaving a sm all scar that he
carried for the rest of his days.

A fter his second year in Pisa, he w as allow ed to focus full tim e on a
university physics program  that lasted another tw o years. R asetti and N ello
C arrara w ere adm itted to the program  w ith him , and Puccianti gave them  free
rein over the departm ent‒s laboratory facilities, prim itive though they w ere.
Experim ental physics w as, as R asetti later explained, the only subject in



w hich one could receive a degree. Theoretical physics w as not considered a
separate, legitim ate academ ic field. Puccianti‒s labs w ere, unfortunately,
poorly set up for advanced experim ental w ork. M uch of the apparatus in the
lab w as fit only for dem onstrations during lectures. The three students spent a
few  w eeks exploring the equipm ent they found in cabinets and draw ers, and
Ferm i decided‍ for all three of them , apparently‍ that the m ost prom ising
research lay in the direction of X -ray research. They soon discovered that the
X -ray tubes at their disposal w ere not suitable for the kind of experim ents
they w anted to do, so they built their ow n, w ith the help of a local
glassblow er.

In later years, R asetti noted that Ferm i‒s disinterest in any distinction
betw een theory and experim ent w as evident even this early. Ferm i w as ―from
the first a com plete physicist.‖ The tem peram ents of theorists and
experim entalists are often thought to be quite different, the form er m ore
com fortable in an isolated setting solving theoretical problem s, and the latter,
m ore collaborative, enjoying the design and execution of experim ental
projects. From  an early age Ferm i effectively and eagerly bridged this gap.
H e com bined a w illingness to noodle on a theoretical problem  for a sustained
period w ith an enjoym ent of w orking w ith his hands on an experim ental
design. Perhaps this w as because the Italian physics establishm ent did not
take theory particularly seriously and encouraged this gifted theorist early on
to get his hands dirty in the lab. Perhaps if theory had been held in higher
regard in the corridors of the U niversity of Pisa, he w ould not have developed
into the balanced physicist he becam e. H ow ever, it is clear from  his
childhood efforts w ith G iulio and later w ith Persico that he loved to tinker
w ith objects, to m ake m achines, to do physical experim ents. N aturally gifted
in both, he saw  no need to choose betw een them . Ferm i saw  physics as an
integrated w hole. B y the tim e he w as ready to present his experim ental
dissertation to the exam iners at the university, Ferm i had already published
several theoretical papers in scholarly journals.

H is first w as a paper on electrodynam ics of a rigid, charged body. The
second and third papers focused on his first love, relativity theory; the third
presented an im portant theorem  about how  the theory w orks w ithin very
sm all distances and proposed a system  of coordinates to m ake the analysis of
these sm all distances easier to com pute. The fourth w as a highly successful
effort to reconcile the different w ays that the electrom agnetic m ass of a rigid
spherical charged body‍ that is, the m ass m easured by application of force in



an electrom agnetic field‍ is m easured in classical electrodynam ic theory and
in relativity.

A  fifth paper, apparently com m issioned for a G erm an publication w hile
he w as still at Pisa but published after graduation, w as an appreciation of
relativity. This essay w as one of the very few  published by an Italian
physicist to evince any enthusiasm  for Einstein and his outlandish theories of
space, tim e, and gravity. Ferm i‒s m ain purpose w as, characteristically, to call
attention not to the puzzling philosophical and m etaphysical consequences of
the theory but rather to one of the theory‒s m ost com pelling physical
predictions:

If w e could liberate the energy contained in one gram  of m atter w e w ould get m ore energy
than exerted by a thousand horses w orking continuously over three years. (C om m ents
seem  superfluous!) It w ill be said, w ith good reason, that in the near future at least that it
does not appear possible to find a w ay to liberate this aw esom e am ount of energy. This is
indeed as one can only hope; an explosion of such an aw esom e am ount of energy w ould
blow  to pieces the physicist w ho had the m isfortune of finding a w ay to produce it.

H e m ay not have been the first person to notice this consequence of
Einstein‒s w ork, but he w as certainly one of the very few  at the tim e w ho
em phasized its im portance. In light of w hat life had in store for him , his
w ords are particularly prophetic. Y ears later, as he w itnessed the first test of
an atom ic bom b and considered his role in m aking that test possible, he
certainly thought back to these w ords, w ritten w hen he w as just tw enty-one
years old.

B y the tim e he graduated in July 1922, Ferm i w as an expert on relativity
and its strongest‍ perhaps only‍ proponent w ithin the Italian physics
com m unity. A lthough the subject w as not yet on the radar screen of m ost
Italian physicists, it w as of great interest to Italian m athem aticians, w ho
pioneered the m athem atics necessary for the theory, in particular the brilliant
U niversity of R om e m athem atician Tullio Levi-C ivita. Einstein had consulted
Levi-C ivita as he struggled w ith the theory. The Italian had m ade som e
essential suggestions and kept abreast of Einstein‒s revolutionary w ork. So
im pressed w as Levi-C ivita w ith Ferm i‒s w ork on relativity that he used
Ferm i‒s coordinate system  in his ow n treatise in 1925. A fter Ferm i‒s
graduation, it w as the m athem aticians w ho first appreciated his potential for
transform ing physics in Italy.



FER M I W EN T O N  TO  C O M PLETE H IS U N IV ER SITY  PH Y SIC S D ISSER TA TIO N  on X -ray
diffraction w ith little trouble. The results w ere a series of im ages m ade w ith
X -rays passed through crystals and Ferm i‒s analysis of these im ages. H e
graduated w ith honors. H is dissertation at the Scuola N orm ale w as m ore
theoretical, involving the solution of a particular theorem  in probability and
its application to the orbit of a com et. Ferm i w as m ore nervous about this
dissertation for the Scuola N orm ale than he w as about the university degree.
H e w as concerned that som eone else had already proven a theorem  he w as
w orking on and that som eone had applied these theorem s to the orbit of
asteroids. So fretful w as he, in fact, that he w rote to Persico several tim es to
see if his friend in R om e could do som e independent research to determ ine
w hether his w orries w ere founded.

A s it turned out, the exam  w as not sm ooth sailing, but not because of the
issue of prior w ork. D uring his oral exam s, several of the exam iners w ere
m athem aticians w ho grilled him  hard on the equations he used. In the end he
received a licenza, but the exam iners did not offer him  the custom ary
handshake, nor w as the thesis published, as w as the tradition at the Scuola
N orm ale. Y ears later his w ife w ould claim  that the thesis w ent over the heads
of the exam iners. This seem s unlikely. It is m ore likely that they w ere sim ply
exacting revenge on a renegade m athem atics student w ho offended them  by
abandoning the rarified field of m athem atics for the less cerebral, earthier
pursuit of physics.

IN  TH E SU M M ER  O F 1922, D EG R EES IN  H A N D , FER M I, A LR EA D Y  A  legend in Pisa,
headed hom e to R om e. B ecause he had com e to the notice of m ajor figures in
the m athem atics com m unity in Italy, Ferm i w as a frequent visitor to the
Saturday evening salons held at the hom e of Levi-C ivita‒s friend and
colleague G uido C astelnuovo in R om e. W ord of Ferm i‒s brilliance had
spread to the dean of Italian physics, O rso M ario C orbino. A  m an of
extraordinary pow er and influence, C orbino w as the director of the Institute
of Physics at the U niversity of R om e. H e soon understood exactly w hat
Ferm i could do for Italian physics and he w as determ ined to m ake sure the
young m an succeeded.





C H A PTER  TH R EE

G ER M A N Y  A N D  H O LLA N D

FER M I‒S FO U R  Y EA R S IN  PISA  W ER E SC H O LA R LY  A N D  C O N TEM PLA TIV E, but they
w ere years of turm oil and chaos for the rest of the country. Though Italy w as
one of the victors in N ovem ber 1918, the w ar left a pow er vacuum  in its
w ake, and the follow ing four years saw  one faction after another trying to
grab the political high ground. Strikes and labor unrest led to regular
breakdow ns in production and transportation. In the streets of the northern
industrial cities of M ilan, Turin, and G enoa, com m unists and right-w ing
agitators fought each other w ith increasing violence and law lessness. V irulent
Italian nationalists sought a voice in parliam ent. Italy seem ed increasingly
ungovernable.

In the m idst of this turm oil, a brash journalist nam ed B enito M ussolini
began to prom ote a nationalist m ovem ent w ith increasing appeal to the
m ajority of the Italian people. B right but unsophisticated, he w as draw n to
socialist causes as a young m an and fought briefly in W orld W ar I. Leaving
service, he w rote for socialist papers opposed to Italian participation in the
w ar, but in a turn that rem ains som ew hat m ysterious to this day, he shifted
aw ay from  opposition to m ore of a nationalist, pro-w ar stance. W hen
hostilities ended, he started a new spaper, Il Popolo d‒Italia (The People of
Italy), w hich gave voice to a new  and coherent philosophy of statist
nationalism  that eventually becam e know n as fascism .

A s Ferm i‒s sum m er holiday of 1922 cam e to an end, he began to
consider w hat to do next. M ussolini and his confederates w ere planning an
audacious m ove: a national coup d‒çtat, culm inating in a fascist m arch on
R om e to take control of the governm ent. The m arch took place on O ctober
28, 1922, the very day that Ferm i and C orbino w ere scheduled to m eet and
discuss the young m an‒s future.



C O R B IN O  W A S A  C EN TR A L FIG U R E IN  EA R LY -TW EN TIETH -C EN TU R Y  Italian physics
and w as to becom e a central figure in Ferm i‒s life as w ell. U nlike m ost senior
scientists of his era, he played an im portant role in public service as w ell as in
the developm ent of his academ ic field. B orn in Sicily in 1876, C orbino w as
just slightly younger than Ferm i‒s father, A lberto, a year younger than
Ferm i‒s m entor A m idei, and he grew  up in the years follow ing Italy‒s
unification in 1870. H e proved a prom ising physicist and did im portant w ork
in the burgeoning field of spectroscopy that garnered him  the attention of
senior Italian physicists. They plucked him  from  his position as a teacher at a
liceo in Palerm o and brought him  to the university in M essina on the eastern
coast of Sicily. C orbino taught there from  1904 till 1908, w hen he survived a
disastrous earthquake that destroyed m uch of the tow n. Pietro B laserna, the
director of the U niversity of R om e‒s Institute of Physics and holder of the
physics chair at the university, invited C orbino to take a position at the
institute. W hen B laserna passed aw ay in 1918, C orbino ascended to the
directorship of the institute, a position he held until his ow n sudden and
untim ely death from  pneum onia in 1937.

C orbino w as even shorter than Ferm i and rounder, bald w ith a bushy
m oustache and bright eyes. H e w as a fine teacher. Laura Ferm i enjoyed a
course she took w ith him , pronouncing him  ―im pressive.‖

C orbino‒s early graduate w ork in Palerm o w as critical in shaping his
internationalist view  of the field. H is professor had studied w ith the great
D utch astrophysicist H endrik Lorentz and, unlike m any of his Italian
contem poraries, w as eager to keep abreast of developm ents outside Italy. H e
im parted this enthusiasm  to C orbino, w ho devoted m uch of his career to
keeping track of external developm ents and, at the sam e tim e, to bringing
Italian physics to the attention of the rest of the w orld.

C orbino w as also an adm inistrative genius. Successive Italian
governm ents recognized this and placed him  in positions of increasing
im portance. A fter the w ar he served as head of the com m ittee overseeing
w ater resources, and in 1921 he w as appointed M inister of Public Instruction.
In 1923, M ussolini nam ed him  M inister of N ational Econom ics, in spite of
the fact that he w as not, and never w ould be, a m em ber of the Fascist Party.
A long the w ay, C orbino also becam e a senator in the Italian parliam ent. H e
w as close to Italian industry and served on the boards of several Italian
electricity com panies.

H is academ ic prestige grew  in tandem . H e w as a m em ber of the



Accadem ia dei Lincei, at the tim e the m ost prestigious scientific society in
Italy, and president of the SocietÞ Italiana di Fisica (Italian Physical Society)
from  1914 to 1919.

W ith each new  role he further cem ented his reputation as a brilliant
technocrat w ith a sound sense of judgm ent and an ability to m ove serenely
and efficiently through the bureaucratic labyrinths of Italian pow er. H e
openly regretted the various governm ental responsibilities that prevented him
from  continuing w hat had been a distinguished research and teaching career.
In young Ferm i he saw  his opportunity to put Italy w here he believed it
deserved to be, at the forefront of w orld physics. For his part, Ferm i could
have found no one better placed to guide his career. It w as to be an historic
partnership.

O n that day in O ctober 1922, w hen the tw o of them  w ere supposed to be
discussing Ferm i‒s future, M ussolini‒s supporters m arched on R om e and the
prim e m inister petitioned the king to declare a national state of em ergency,
som ething that, under Italy‒s constitutional m onarchy, only the king could do.
C orbino and Ferm i could not help but fixate on the situation. A s reported by
Laura Ferm i years later, they speculated as to w hether the king w ould sign
the declaration. C orbino expressed distaste over the fascists‒ em brace of
violence for political ends but view ed a signature as the start of a prolonged,
bloody civil w ar. Ferm i noted that the king rarely countered his cabinet‒s
recom m endation. ―D o you think he m ay go against his cabinet?‖ Ferm i asked
the older and w iser C orbino. ―H e has never been know n to take the lead but
has alw ays follow ed his m inisters.‖

C orbino paused before replying. ―I think there is a chance that the king
m ay not sign the decree. H e is a m an of courage.‖

―Then there is still a hope,‖ his younger colleague suggested. Ferm i had
clearly m isunderstood C orbino.

―A  hope?‖ he replied. ―O f w hat? N ot of salvation. If the king doesn‒t
sign, w e are certainly going to have a Fascist dictatorship under M ussolini.‖

C orbino w as right. The king refused to sign, sparing Italy a long civil
w ar, and w ithin a w eek, M ussolini w as prim e m inister of Italy, w ell on his
w ay to creating the tw enty-one-year-long dictatorship foreseen by C orbino.

C O R B IN O  H A D  A D V ISED  FER M I TO  A PPLY  FO R  A  SC H O LA R SH IP A T TH E U niversity
of G ôttingen, in the central G erm an state of Low er Saxony. The com petition



for this particular scholarship, sponsored by the Italian M inistry of Education,
w as intense, but Ferm i w on it w ithout apparent effort. O n O ctober 30, 1922,
tw o days after the Fascist m arch on R om e, the fellow ship com m ittee m et and
aw arded him  the fellow ship. Thus began one of the m ost m ysterious and
inexplicable periods of Ferm i‒s entire career.

TH E U N IV ER SITY  O F G Ô TTIN G EN  W A S O N E O F TH E W O R LD  C EN TER S of physics.
The em inent theorist M ax B orn and his close colleague experim entalist
Jam es Franck had already started to build a m ajor center, recruiting brilliant
students, including young W erner H eisenberg, w ho w ould shortly becom e
w orld fam ous. A nother theorist, Pascual Jordan, had recently arrived from
H anover and w ould in tim e m ake his ow n indelible m ark on quantum  theory.
Ferm i just m issed overlapping w ith W olfgang Pauli, an A ustrian w ho had
already w ritten a sem inal treatm ent of relativity theory. The tw o of them
w ould m eet only five years later, at a conference at Lake C om o in Italy in
1927.

B orn w as a slightly shy, som ew hat form al gentlem an in his early forties,
w ho had studied at G ôttingen early in the century w ith three of the w orld‒s
greatest m athem aticians, D avid H ilbert, Felix K lein, and H erm ann
M inkow ski. H is original w ork on relativity w on lavish praise from  Einstein
him self. A fter stints at the universities in B erlin and Frankfurt, he w as
recruited to G ôttingen and brought Franck, an old friend and colleague, along
w ith him . B orn w as at G ôttingen barely tw o years w hen Ferm i arrived, a
new ly m inted graduate w ith som e five published papers to his nam e. It
should have been a w onderful m om ent for Ferm i.

H ow ever, quantum  theory, for w hich G ôttingen w ould soon becom e
w orld fam ous, w as at a m om entary im passe. N iels B ohr had developed a
theory of the atom  that incorporated the basic insights of quantum  theory, but
a num ber of im portant experim ental observations rem ained unexplained. In
early 1925, all that w ould begin to change, but w hen Ferm i arrived, late in
1922, these breakthroughs w ere in the future.

N ot only w as quantum  physics at a standstill but also G erm any itself
w as an exceedingly unpleasant place. R eeling from  four years of
unsustainable reparation paym ents as a consequence of the Treaty of
V ersailles, the G erm an econom y entered a period of hyperinflation that
destroyed the econom ic and financial fabric of the country and destabilized



the precarious W eim ar R epublic. Laura Ferm i w rites that for the first tim e
Enrico enjoyed a feeling of relative w ealth. B ecause his stipend w as paid in
Italian lire, he w as able to m aintain and even im prove his standard of living
as the financial crisis progressed. H e splurged and bought him self a bicycle.
A  sleepy university tow n w ith little in the w ay of industry, G ôttingen m ight
not have suffered from  som e of the m ore unpleasant aspects of the crisis‍
industrial unrest, strikes, and riots‍ but it could not have been a happy place.

M ost im portantly, Ferm i felt ignored. B orn w as not a dem onstrative m an
and apparently paid little attention to his new  young Italian visitor. It seem s
that H eisenberg, Jordan, and the other scholars at G ôttingen neglected him , as
w ell. Though his letters hom e to his father during his stay at G ôttingen show
no signs of unhappiness‍ rather, they focus on m oney, fam ily, food,
vacation, his new  bicycle‍ Laura Ferm i w rites that this w as a m om ent in
Ferm i‒s career w hen he needed validation and did not get it. Y et Ferm i knew
he w as special and throughout the course of his career never needed anyone
else to tell him  so.

Segræ puts som e of the blam e on Ferm i, suggesting that the young
physicist w as ―proud, shy, and accustom ed to solitude.‖ Y ears later Ferm i‒s
future M anhattan Project colleague Leona Libby w ent further, observing that
he had ―a stored-up, never forgotten bitterness against the physicists he
encountered on his first visit to G erm any as a very young m an. H e m ost of all
resented the fact that M arie C urie and W erner H eisenberg, in particular, had
com pletely ignored him , to the point of exceeding rudeness,‖ adding, ―This
w as the w inter [1923] that m ade Ferm i m iserable because, as he told us later,
he w as com pletely unappreciated and ignored, alm ost ostracized from  the in-
group.‖ The intensity of the resentm ent is surprising at such a rem ove in tim e
and place, yet it is hard to see w hy Libby w ould invent such an anecdote.

Finally, and not inconsistent w ith the other explanations, this w as
Ferm i‒s first tim e living and w orking outside of Italy for any substantial
length of tim e. In spite of his com fort w ith the language, he m ay have felt
alien and lonely sim ply by virtue of his being so far aw ay from  hom e.

If Ferm i w as deliberately shunned by the G ôttingen ―in-group,‖ this m ay
also have reflected snobbery am ong G erm an physicists tow ard their Italian
colleague. Ferm i never carried him self as a particularly cultivated or cultured
individual. H e w as obsessed w ith physics and aside from  his outdoor
activities had little interest in anything else. H is regular habits involved
getting up early, w orking all day long, w ith a lunchtim e break for several



hours in the early afternoon. W hen he cam e back from  lunch, he w ould w ork
until late afternoon, have dinner, and go to sleep. Each day w as very m uch
like the last. H e had little tim e for nightlife, cafç life, or cultural life. Though
B orn w as no night ow l, the younger students loved to hang out in cafçs and
talk about culture and philosophy w ell into the night.

Furtherm ore, the group that B orn and Franck recruited w as certainly
m ore inclined tow ard philosophy than Ferm i w as. H eisenberg w as obsessed
by w hat quantum  theory really m eant about the nature of reality. Pauli,
although not quite so obsessed, thought deeply about these issues, as w ell. In
Ferm i they did not find a fellow  traveler. Ferm i preferred to stick w ith
questions that had definite answ ers, answ ers that he could find through
careful, system atic w ork. A s quantum  theory developed, the philosophical
issues becam e m ore com plex, and yet throughout his life Ferm i resisted any
speculation of a philosophical nature. H is aversion to the deeper questions
could w ell have influenced his G erm an colleagues to ignore him .

O ne w onders w hy C urie w ould have, in Libby‒s w ords, ―ignored him , to
the point of exceeding rudeness.‖ She m ay have been a bit prickly, but by the
tim e she visited G ôttingen in 1923, she had nothing to gain from  being rude
to a young Italian physicist. O n the other hand, she w as know n to be strongly
skeptical of theory and theorists. To the extent that Ferm i presented as a
theorist‍ w hich is quite likely, given that he did no experim ental w ork w hile
he w as in G ôttingen‍ it is possible that she lum ped him  together w ith other
theorists and thus had no tim e for him .

The w ork he did w as indicative of the problem s that interested him  at
the tim e and in m any w ays throughout the rest of his career. H is Scuola
N orm ale dissertation focused on probability theory, and continuing the
them e, the papers he published w hile he w as at G ôttingen focused on various
aspects of the field in w hich probability and statistics are central‍ statistical
m echanics. Ferm i loved the m athem atics of probability and statistics and
enjoyed statistical m echanics for exactly this reason.

O ne of his G ôttingen papers involved a probabilistic concept called the
―ergodic theorem .‖ The ergodic theorem  is central to the study of statistical
m echanics. In statistical m echanics, a system  is said to be ergodic if, in
principle, it can start in a given state and, over tim e, pass through every
possible state, eventually returning arbitrarily close to its original state. Ferm i
becam e interested in ergodic processes during this period. In particular he
w ondered w hether certain w ell-specified system s w ere actually ergodic in



their behavior or only seem ed to be so. H e developed a proof of the ergodic
theorem  that, though not m athem atically rigorous, w as sufficiently useful and
penetrating to attract the attention of physicists outside Italy.

Ferm i returned to statistical m echanics in late 1925 and early 1926 w ith
historic results. Indeed, probability and statistics rem ained a central
preoccupation thereafter. W hy did Ferm i find probability and statistics so
com pelling? N ot all physicists do. W hereas know ledge of probability is
essential to an understanding of m ost of m odern physics, in and of itself it is
not a field on w hich m any physicists focus. Ferm i loved to gam ble,
particularly on the outcom e of his ow n athletic com petitions. H e also loved to
pose riddles that required an understanding of probability. H is w ay of solving
problem s, now  know n as Ferm i problem s, often consisted of evaluating the
probabilities of particular events, to at least an order of m agnitude, and
linking those probabilities together to arrive at a solution that seem ed
reasonable. The so-called Ferm i paradox‍ Ferm i‒s back-of-the-envelope
observation that if intelligent life exists elsew here in the universe w e should
have been visited by it long ago, given the size and age of the universe‍ is in
itself a study in probability.

O ne possible reason probability and statistics captivated him  m ay stem
from  the traum a of G iulio‒s death. H ere w as som ething unexpected, totally
im probable, and yet it occurred, w ith devastating results. Perhaps the
experience aw oke w ithin Ferm i a desire to understand, delim it, and prepare to
the extent possible for events that w ere out of one‒s control. The odds w ere
low  that G iulio w ould die w hen he did and yet it happened. Ferm i m ay have
taken aw ay from  this traum a the need to understand the likelihood of any
particular event and a feeling that in understanding that probability he w as in
a better position to anticipate it, prepare for it, and perhaps even shape its
outcom e. W e w ill, of course, never know . W hat w e do know  is that the study
of probability ran like a thread through his career and w as at the root of m any
of his m ost im portant contributions.

FER M I A R R IV ED  B A C K  IN  R O M E FO R  TH E SU M M ER  O F 1923, H A PPY  TO  be hom e,
and C orbino soon found him  a one-year appointm ent teaching physics to
engineering students at the U niversity of R om e, alongside his old friend
Persico, w ho had stayed in R om e and received a physics degree at the
university under C orbino‒s w atchful eye. D uring the academ ic year, one



spring w eekend Ferm i m et another young person, som eone destined to have
perhaps the greatest im pact on his life.

H er nam e w as Laura C apon.
Laura C apon w as a bright, vivacious young w om an, just shy of

seventeen years old, the daughter of a prom inent R om an Jew ish fam ily. She
grew  up in relative splendor, in a hom e in the elegant district just north of
V iale Policlinico, at V ia dei V illini 33. H er father, A ugusto C apon, w as an
officer in the Italian navy. B y the tim e Laura m et Enrico, her father w as an
adm iral.

The adm iral valued intellectual ability and achievem ent, w hich explains
in part w hy he decided that, unlike m ost young w om en of her socioeconom ic
status, Laura should eventually earn a degree in general science from  the
U niversity of R om e. There, she w ould take a course in physics taught by a
young m an nam ed Enrico Persico.

The adm iral‒s intellectual and social am bitions brought him  into contact
w ith m ajor R om an intellectuals, and he entered the circle of the tw o great
m athem aticians of R om e, Tullia Levi-C ivita and G uido C astelnuovo, both of
w hom  also happened to be Jew ish. The tw o m athem aticians w ere friends, and
the latter held a Saturday evening salon at his hom e to w hich Levi-C ivita and
a variety of other prom inent m athem aticians w ere invited. A ugusto C apon
w as also a regular at the salon. The adults often brought their children along,
and the children becam e close friends. Laura becam e particularly fond of
C astelnuovo‒s daughter G ina. It w as w ith this group of friends that Ferm i
found him self one Sunday in the spring of 1924. H e w as older than the rest of
them  but had gotten to know  them  because he, too, w as a regular visitor to
these salons and enjoyed the com pany of the younger group as m uch as he
enjoyed being w ith the older intellectuals.





FIG U R E 3.1. Y oung Laura
C apon w ith friend, date

uncertain. C ourtesy of AIP
Em ilio Segræ Visual Archives,

U hlenbeck and C rane-
Randall C ollections.

Early photos of Laura reveal a slim  w om an w ith a round, cherubic,
happy face. It is easy to see w hy Ferm i found her appealing. Y ears later,
w hen a colleague com plim ented him  on how  attractive his daughter N ella
w as, he replied, ―Y ou should have seen Laura w hen she w as young.‖ Their
first m eeting w as hardly auspicious. Laura w as unim pressed w ith this m an,
introduced as a brilliant young scientist w ho w as already teaching at the
university at the age of tw enty-tw o:

H e shook hands and gave m e a friendly grin. Y ou could call it nothing but a grin, for his
lips w ere exceedingly thin and fleshless and am ong his upper teeth a baby tooth lingered
on, conspicuous in its incongruity. B ut his eyes w ere cheerful and am used: very close
together, they left room  only for a narrow  nose, and w ere gray-blue, despite his dark
com plexion.

The group of friends w ent to play in a park on the northern outskirts of
the city just on the other side of w hat is now  the V ia Salaria, near a bend in
the Tiber R iver. Ferm i, w ho w as a bit older than the others, took the role of
leader and decided the group should play soccer. Laura explained she had



never played the gam e before. Ferm i assured her it w ould be fun and m ade
her the goal keeper for his team . Laura describes w hat happened next:

There w as an easy self-reliance in him , spontaneous and w ithout conceit. Luck, how ever,
w as against him : at the height of the gam e the sole of one of his shoes cam e loose and
dangled from  the heel. It ham pered his running, m ade him  stum ble and fall on the grass.
The ball zoom ed above his fallen body and sped tow ard the goal. It w as up to m e to save
the day: w hile I w as observing our leader‒s predicam ent w ith m ore am usem ent than pity,
the ball hit m e in the chest. Stunned, I w avered, alm ost fell, recovered m y balance. The
ball bounced back into the field and victory w as ours.

O ur leader pulled out of his pocket a large handkerchief, w iped off the perspiration
that stream ed dow n profusely from  the roots of his hair over his face, then sat dow n and
tied his loose sole w ith a piece of string.

It w as, she concluded, ―the first afternoon I spent w ith Enrico Ferm i, and
the only instance in w hich I did better than he.‖ She w ould not see him  again
for som e tw o years.

TH E Y EA R  W EN T B Y  Q U IC K LY , B U T FO R FER M I TH E A C A D EM IC  Y EA R w as cut short
by the death of his m other on M ay 8, 1924.

The fam ily had been caring for her through a series of respiratory
illnesses, so her passing w as no surprise. Y et w e can be sure it had an effect,
though he w ould never speak directly about it. G iulio m ay have been her
early favorite, but there is no reason to think that Ida and Enrico w ere not
also close. Ida found som e pride and a bit of respite from  her grief in Enrico‒s
increasing and gratifying success. Segræ notes that Ferm i in later years
expressed adm iration for his m other‒s ability to m ake things for herself w hen
she had to‍ a m akeshift pressure cooker being an exam ple. Ferm i‒s ability
w ith his hands m ay have been inherited from  this fragile, disciplined form er
schoolteacher. H er death w as a blow , but it w as a blow  that he dealt w ith in
typical fashion, that is, privately.

H is father, A lberto, had been planning to m ove the fam ily out of the city
and to a m odern but m odest suburban area, C ittÞ G iardino A niene, about five
m iles north of central R om e. H e had bought a plot at w hat becam e V ia
M onginevra 17 and w as in the process of having the hom e built w hen Ida
passed aw ay. The fam ily m oved there in 1925. It w as an im provem ent over
V ia Principe U m berto 133, but by no m eans grand. A lberto and his surviving
children, Enrico and M aria, called it hom e for the next few  years. A lberto
died in 1927 and Ferm i m arried the follow ing year, m oving to his ow n



apartm ent and leaving M aria installed at the fam ily hom e.

TO G ETH ER C O R B IN O  A N D  FER M I PLO TTED  FER M I‒S N EX T STEP. C orbino w as
aw are of an International R ockefeller Foundation fellow ship that m ight be
available to Ferm i for another overseas scholarship. In the interim , Ferm i had
m ade the acquaintance of a young D utchm an, less than a year his senior. The
tw o events cam e together in a happy coincidence.

The D utchm an w as nam ed G eorge U hlenbeck. A  graduate student in
physics at the U niversity of Leiden, in southern H olland about five m iles
outside of The H ague, U hlenbeck had taken a year off and w as w orking w ith
the household of the D utch am bassador to R om e, serving as a tutor in m ath
and science to the am bassador‒s tw o sons. Shortly after he arrived,
U hlenbeck received a note from  his thesis adviser, Paul Ehrenfest, that a
young physicist in R om e nam ed Ferm i had w ritten an insightful paper on the
ergodic theorem . This w as exactly the kind of paper that w ould have
appealed to Ehrenfest, a keen student of statistical m echanics w ho had been
looking for w ays to integrate it w ith the em erging quantum  theory. Ehrenfest
had an instinct that Ferm i w as a potential intellectual soul m ate and urged
U hlenbeck to m ake Ferm i‒s acquaintance and report back.

The tw o young m en got on fam ously. In 1962, U hlenbeck recalled those
first m eetings w ith Ferm i: ―H e w as younger than I w as, but he w as in a sense
a w onder child, like Pauli. A nyw ay, w e had then a little sem inar, w ith
Pontrem oli, Persico, and m e, in this old building.“  H e w as so m uch ahead of
all three of us, that he w as the one w ho talked all the tim e.‖

The D utchm an and the Italian becam e lifelong friends.
Enthused at the prospect of w orking w ith U hlenbeck‒s colleagues in

H olland, Ferm i spent the rest of 1924 in Leiden on his R ockefeller fellow ship
and enjoyed his tim e im m ensely. Ehrenfest had enorm ous respect for his new
young colleague. A fter the disappointm ent of G ôttingen, Ferm i w as delighted
to find his abilities appreciated. N o doubt this had to do w ith the outgoing
character of Ehrenfest and the team  he had around him , including U hlenbeck
and another graduate student, Sam uel G oudsm it. U hlenbeck and G oudsm it
w ere the D utch equivalent of Ferm i and R asetti‍ extrem ely close friends
w ho shared an im pish sense of hum or and a passion for their chosen
profession. They even physically resem bled their Italian counterparts:
U hlenbeck, tall and gaunt, tow ered over the shorter, sturdier G oudsm it. The



tw o D utch physicists w ere inseparable. Ferm i found them  engaging
com panions.

M uch of Ferm i‒s success in Leiden w as certainly due to Ehrenfest, and
Ferm i w rote to his sister M aria of his delight in getting to know  the D utch
physicist, describing him  as a ―persona m olto sim patica‖‍ a very kind
person. Ehrenfest, a close friend of Einstein and one of the participants in the
philosophical dialogue betw een B ohr and Einstein over the m eaning of
quantum  physics, w as, in Einstein‒s eyes, the best teacher of his generation.
Indeed, Einstein visited Ehrenfest w hile Ferm i w as there, and Ferm i m et the
great physicist for the first and only tim e. Ferm i kept a group photo of
Einstein, Ehrenfest, and a gathering of other colleagues; Ferm i is not
pictured, leading at least one scholar to presum e that Ferm i took the photo
him self. Einstein clearly im pressed the young m an, w ho w rote an enthusiastic
letter to M aria describing his encounter w ith the great scientist, in w hich the
tw o spoke G erm an since Ferm i‒s D utch w as not up to par. H ow ever, in later
years, Ferm i expressed annoyance at the level of adulation given Einstein by
an adoring w orld. The creator of the theory of relativity w as the only
physicist about w hom  Ferm i ever overtly expressed a sense of envy.

Ehrenfest shared Ferm i‒s deep interest in m atters relating to statistical
m echanics and probability. This shared intellectual passion form ed the basis
of a productive and influential relationship for both m en. Ehrenfest also
clearly appreciated just how  special Ferm i w as, how  m uch the young m an
had m astered, and how  clearly he thought about com plex physics problem s.
H e w as im pressed and let Ferm i know  it.

Ferm i got to w ork quickly and by N ovem ber he presented a theoretical
paper analyzing problem s associated w ith the intensity of m ultiple spectral
lines that had arisen during experim ents at the U niversity of U trecht. In it he
expressed his appreciation for an idea suggested by Ehrenfest. In contrast,
none of his earlier G ôttingen papers m ade any reference to ideas suggested
by his G erm an colleagues. The rest of his tim e at Leiden w ent quickly and by
the beginning of January 1925, C orbino‒s efforts resulted in a lectureship in
Italy for his gifted protçgç. This tim e, it w as Florence. Ferm i took on a
teaching position at the university and rejoined his old friend Franco R asetti,
w ho had him self found a position teaching experim ental physics.

H e m ay not have know n it, but in Florence Ferm i w as destined to m ake
scientific history.





C H A PTER  FO U R

Q U A N TU M  B R EA K TH R O U G H S

T H E B R EA K TH R O U G H S IN  Q U A N TU M  TH EO R Y  D U R IN G  1925, including the one
m ade by Ferm i tow ard the end of the year, w ere brilliant. The characters
involved w ere fascinating and the source of endless, often am using
anecdotes. To appreciate these achievem ents and how  they affected Ferm i‒s
ow n w ork, it is im portant to understand the state of theoretical and
experim ental physics at the tim e and the contributions of tw o quantum
theorists in particular‍ W olfgang Pauli and Paul D irac.

IT W A S M A X  PLA N C K  IN  TH E 1890S W H O  FIR ST PR O PO SED  TH A T EN ER G Y  w as not
―continuous‖ but cam e in discrete, tiny ―packets,‖ or ―quanta.‖ (―Q uantum ‖
is the singular of quanta and gives the theory its nam e.) This w as the only
w ay Planck could explain the odd problem s encountered by G erm an
engineers w ho w ere trying to build a m ore energy-efficient light bulb to
com pete w ith the A m erican engineers at G eneral Electric and W estinghouse.
B uilding on Planck‒s solution, Einstein later proposed that light w as
com posed of such packets, w hich he dubbed ―photons.‖ Further
experim entation show ed, rather confusingly, that photons appeared to display
the characteristics of both particles and w aves‍ a very strange duality that
rem ains at the heart of quantum  theory to this day.

The concept that energy seem ed to com e in discrete quanta w as great
new s for scientists w ho w ere w orking w ith spectroscopes. For over a century
it w as know n that w hen elem ents w ere isolated, heated, and the light
produced put through a spectroscope (essentially a high-precision prism ), the
spectrum  that resulted w as not a continuous rainbow  of light at all but
consisted of distinct lines of color. Each elem ent had its ow n unique pattern
of lines, corresponding to different frequencies of color. That energy cam e in



discrete packets and that spectra w ere not actually continuous suggested a
connection betw een the tw o.

The early tw entieth century had m ore than its share of geniuses. Planck
and Einstein w ere tw o. A  third, the D anish physicist N iels B ohr, had an idea
based on the Planck-Einstein quantum  w ork and on the experim ental
discoveries of a fourth genius, Ernest R utherford, w hich suggested the
underlying m echanism  that produced these lines. R utherford and his
colleagues in M anchester, England, conducted elegant experim ents to show
that gold atom s seem ed to have a very specific structure: they seem ed to
consist of a ―cloud‖ of light, negatively charged m atter surrounding a core of
heavy, positively charged m atter buried deep w ithin that cloud. In 1897,
R utherford‒s colleague J. J. Thom son isolated a negative particle, the
electron, w hich led to the conclusion that the negative cloud consisted of
electrons. Physicists began to call the heavy central core of the atom  the
―nucleus.‖ (R utherford discovered the positive particle in the nucleus, the
proton, in 1919. N eutral particles in the nucleus, called neutrons, w ere only
discovered in 1932. They played an im portant part in Ferm i‒s story in due
course, but w hen Ferm i arrived in Florence, no one yet knew  that they
existed.)

W ith R utherford‒s discoveries in m ind, B ohr began playing w ith a
com pelling idea. Perhaps electrons w ere confined to specific ―orbits‖ around
a nucleus and could not exist in the spaces betw een these orbits. A ll electrons
had a m inim um  orbit, called a ground state, below  w hich they could not go.
O therw ise, an electron w ith negative charge w ould be attracted to a nucleus
w ith positive charge and all m atter w ould collapse into itself. Electrons could,
though, ―leap‖ from  one orbit to another, stim ulated by the absorption or
em ission of a particle of light, that is, Einstein‒s photon. The leap from  one
orbit to another w ould correspond to the em ission or absorption of a specific
frequency of light, depending on the frequency of the electron‒s orbit around
the nucleus. B ohr im agined this m ovem ent to be sim ilar to the w ay in w hich
planets orbit the sun.

B ohr‒s m odel w as the w ork of a true genius and w as perhaps the critical
breakthrough (although in m ost im portant details it w as w rong). G ood as it
w as, though, it left som e im portant questions unansw ered. It seem ed clear
that w hen an electron w as stim ulated by a photon, it w ould absorb that
photon and jum p to a higher energy orbit, but it w as not at all clear that it
w ould alw ays jum p the sam e w ay. O f equal interest: W hat w ould determ ine



w hether it jum ped back dow n to a low er energy level, thus em itting a
photon? W hat determ ined the actual energy level of each orbit? These
puzzles defied explanation, but they w ere reflected and m agnified by som e
spectroscopic phenom ena.

O ne such phenom enon w as called the Zeem an effect, nam ed after the
D utch physicist Pieter Zeem an w ho first observed it. In a m agnetic field, the
spectral lines produced by an elem ent split. A nother phenom enon w as also
puzzling: even w ithout a m agnetic field, som e lines in a given spectrum  are
notably m ore intense‍ that is, they shine brighter‍ than other lines. W ere
there law s that determ ined w hy som e lines w ould be brighter and others
dim m er?

For physicists these puzzles w ere far from  trivial. They w ere deeply
disturbing. A  full theory w ould be expected to explain all observed
phenom ena and to predict w ith precision any particular observation. The
classical m echanics theory of Isaac N ew ton and the classical electrom agnetic
theory developed by Jam es C lerk M axw ell each produced specific and
precise predictions about the phenom ena they addressed and w ere the
standards against w hich physicists judged a new  theory‒s success. From  this
vantage point, quantum  theorists w ere proving distinct failures.

Ferm i w as certainly aw are of these problem s. The nine m onths he spent
in G ôttingen exposed him  firsthand to the frustrations of those struggling
w ith these issues, including B orn, H eisenberg, and Jordan. That he continued
to keep abreast of their w ork is apparent in his w ork during his subsequent
stint in Leiden, w here he published his paper on the problem s of predicting
the intensity of spectral lines in N ovem ber 1924. Ferm i cited w ork by
Som m erfeld, H eisenberg, and B orn, so he certainly w as aw are of the progress
being m ade during 1925. H is ow n contribution cam e tow ard the end of the
year, based largely on the w ork of a young theoretical physicist from  V ienna
nam ed W olfgang Pauli.

PA U LI‒S EN O R M O U S G IFTS IN  M A TH EM A TIC S A N D  PH Y SIC S W ER E recognized early
and cultivated by those around him . H e studied in M unich w ith the great
theorist A rnold Som m erfeld, w ho fam ously said that by the tim e Pauli
arrived in M unich there w as little that Som m erfeld could teach him . Like
Ferm i, Pauli m ade his first contributions in relativity theory, w riting a treatise
on the subject at the age of sixteen. A  subsequent treatm ent of the subject,



w ritten for a G erm an encyclopedia on m athem atics, established his
international reputation w hile he w as still at university.

Like Ferm i, he w as a child prodigy, and like Ferm i he w as short, about
five-foot-five. In practically every other w ay he w as Ferm i‒s antithesis.
Physically, Ferm i w as solid but fit and unrem arkable in appearance. Pauli
w as round, tending tow ard obesity, but he w as darkly attractive, w ith soulful
eyes and sensuous lips. Ferm i w as not a drinker; Pauli drank heavily and
struggled w ith alcoholism  throughout his life. Ferm i habitually retired early;
Pauli w as a night ow l, enjoying the sybaritic life at local cafçs and cabarets
w herever he happened to be. W hile at university in M unich, Pauli m ixed w ith
artists, w riters, m usicians, and other bohem ians in the Schw abing district of
the city. The m ost bohem ian activity Ferm i w ould indulge in w as a hike in
the m ountains.

Ferm i w as gifted as both a theorist and an experim entalist. A s a theorist
Pauli w as perhaps even m ore gifted than Ferm i, but as an experim entalist he
w as a disaster. Physicists joked that if a piece of equipm ent w asn‒t w orking
properly, Pauli m ust be in the vicinity. Pauli also had a legendary m ean
streak, som ething Ferm i com pletely lacked. Pauli gave new  m eaning to the
phrase ―acid-tongued.‖ H e is said to have described a som ew hat
undistinguished colleague of his w ith the incredibly dism issive ―So young
and already so unknow n.‖ H e once derisively called Ferm i a ―quantum
engineer.‖ O f a particularly m urky and speculative theoretical paper, he
fam ously exclaim ed, ―It‒s so bad it‒s not even w rong.‖ H e delighted in
calling his close friend W erner H eisenberg a ―fool.‖ A s a young m an he
inform ed the em inent B ritish astrophysicist A rthur Eddington that w ork the
older m an w as pursuing in general relativity theory w as ―m eaningless for
physics.‖ W hen Einstein cam e to lecture at the U niversity of M unich, Pauli
w as the first to speak after the great m an‒s talk. ―W hat Professor Einstein has
just said is not really as stupid as it m ay have sounded,‖ he explained
helpfully.

A s noted previously, Ferm i w as not a philosopher and rarely show ed
any interest in intellectual or cultural m atters beyond physics. H e had little
tim e for religion or spirituality. Pauli w as born C atholic and took his religion
seriously, rejecting the opportunity to join his irreligious colleagues in
disparaging religious beliefs. H e had a deep m ystical streak, w hich he
indulged later in life in conversations and in a decade-long correspondence
w ith the great psychoanalyst C arl Jung.



H e w as also a m an of obsessions, and by the tim e he w as doing a post-
doc in C openhagen under N iels B ohr, over the w inter of 1922‌1923, Pauli
becam e obsessed w ith the ―anom alous‖ Zeem an effect, a problem  w ith w hich
he w ould struggle over the next several years. A t this tim e a colleague ran
into him  w alking the streets of C openhagen in a state of despair. ―Y ou look
very unhappy,‖ his friend com m ented. ―H ow  can one look happy w hen he is
thinking about the anom alous Zeem an effect?‖ cam e Pauli‒s reply.

A s m entioned above, the Zeem an effect involved the splitting of spectral
lines in the presence of a m agnetic field. B ohr‒s m odel explained the norm al
tripling of spectral lines, but often m ore than three lines w ould appear‍
som etim es four, som etim es six. B y early 1925, as a professor in H am burg,
Pauli developed a solution of sorts but w asn‒t com pletely satisfied.

In the B ohr m odel, electron orbitals required three num bers to specify
their location, their frequency, and their orientation. Location corresponded to
their distance from  the nucleus. Electrons could only be in certain specific
orbitals and could not exist in the spaces betw een orbitals. The frequency
related to the speed of their orbits. The orientation num ber referred to how
the specific orbital oriented to the axis of the nucleus. Each one of these three
num bers w as a quantum  ―num ber‖ that, taken together, identified the
quantum  ―state‖ of an electron.

Pauli realized that if a new  quantum  num ber w as added to the m ix, a
num ber that could have only one of tw o opposite values, the anom alous
Zeem an effect could be explained. H e also posited‍ because the m athem atics
explained the phenom enon so beautifully‍ that no tw o electrons could share
all four quantum  num bers. This m ay not seem  terribly subtle, but the
im plication is astonishing: tw o electrons can be in exactly the sam e place at
the sam e tim e, m oving at the sam e speed and in the sam e orientation, as long
as their fourth quantum  num ber is different. Thus w as born Pauli‒s
―exclusion‖ principle.

Pauli tried to find physical interpretations of this fourth num ber, but
eventually gave up. O ne idea, first suggested by a young colleague of his,
R alph de Laer K ronig, w as that electrons actually ―spin,‖ and that the spin
can either be ―right-handed‖ or ―left-handed,‖ producing intrinsic angular
m om entum  in opposite directions. Pauli ridiculed the idea, because it im plied,
at least to him , that if you m easured the speed of the electron at its ―equator‖
(think of a spinning globe) that speed w ould have to be faster than light,
w hich w as im possible. Suitably chastened, K ronig dropped the idea. It w as



picked up again at the end of the year by Ferm i‒s good friends U hlenbeck and
G oudsm it, w ho did not know  of Pauli‒s objection. If they had, they m ight not
have published their idea, but as it turned out, the tw o of them  did not know
of K ronig‒s spin proposal and are thus often given credit for the idea of
electron spin. Pauli still resisted the idea. It w as D irac w ho, in 1926, pointed
out that a relativistic interpretation perm itted‍ even required‍ electron spin.

Pauli‒s exclusion principle w as audacious. To understand his
achievem ent and his particular w ay of doing physics, one m ust appreciate
that he proposed a m athem atical solution that had no physical interpretation
at all‍ it w as sim ply the only w ay he could im agine to solve the problem  he
w as confronting. It w as, in a sense, like Planck‒s invention of the quantum , a
m athem atical solution w ithout an underlying physical interpretation. Like
Planck‒s idea, it took Pauli enorm ous courage to propose it and even m ore to
resist the efforts of colleagues to propose the m ost obvious physical
interpretation. That he w as w rong in resisting the idea of electron spin takes
nothing aw ay from  the achievem ent itself, a beautiful one w hich bespeaks his
ow n particular genius.

TH E EX C LU SIO N  PR IN C IPLE A LO N E W A S A  G R EA T STEP FO R W A R D . IT provided an
explanation of the anom alous Zeem an effect and gave a m ore com plete
understanding of how  electrons ―fill up‖ the orbits surrounding the nucleus.
M ore breakthrough w ork w as done that year. A  young G erm an nam ed
W erner H eisenberg, w orking in G ôttingen w ith M ax B orn and a young
theorist nam ed Pascual Jordan, form ulated a m ethod to analyze the w ay
electrons m ove betw een orbits, using a m athem atical technique called m atrix
m ultiplication that successfully explained the varying intensity of spectral
lines. Late in the year, a V iennese physicist nam ed Erw in Schrôdinger,
closeted aw ay in a ski chalet w ith one of his num erous lovers, cam e up w ith a
differential ―w ave‖ equation that did m uch the sam e thing, using techniques
m ore fam iliar to the average physicist. Physicists now  had tw o highly
effective w ays of delving into previously incom prehensible physical
phenom ena.

W hy did both approaches, so different in form  and function, provide the
sam e answ er to the thorny questions raised by quantum  theory? It took yet
another genius to show  that m atrix m echanics and w ave m echanics w ere tw o
sides of the sam e coin.



H E W A S, IN  TH E W O R D S O F H IS B IO G R A PH ER G R A H A M  FA R M ELO , ―the strangest
m an.‖

Paul A drien M aurice D irac w as the baby of that generation of quantum
pioneers, a year younger than Ferm i and H eisenberg, tw o years younger than
Pauli. B orn in B ristol, England, he w as the son of a strict father w hose severe
discipline had a lasting effect on the young m an. Tall, thin, and extrem ely
reserved, he rarely spoke in sentences longer than tw o or three w ords. H is
teachers at the M erchant V enturer‒s Technical C ollege considered him
brilliant, and he easily obtained a place at St. John‒s C ollege, C am bridge, but
his fam ily finances prevented him  from  attending. Instead, he attended the
U niversity of B ristol for his undergraduate education and St. John‒s for his
graduate degree, the first to be given in the field of quantum  theory. In his
thesis he provided an independent derivation of H eisenberg‒s quantum
m echanics based on his observation that the underlying m athem atical
structure of the m atrix algebra, in particular its noncom m utative property,
w as analogous w ith a particular form  of the m athem atics physicists used to
express classical m echanics.

D irac w as, in som e sense, the anti-Pauli. W e m ight think of him  today as
suffering from  A sperger‒s syndrom e. H e w as socially aw kw ard in the
extrem e and literal-m inded to an exasperating degree. H e once asked
H eisenberg w hy people danced. H eisenberg replied, ―W hen there are nice
girls, it is a pleasure.‖ D irac considered this for a m om ent and blurted out,
―B ut how  do you know  beforehand that the girls are nice?‖ O nce during a
lecture a student raised his hand and said that he did not understand an
equation that D irac had w ritten on the blackboard. D irac rem ained silent
because, as he explained later, the person in the audience had not asked a
question. H is colleagues at C am bridge reportedly defined a ―dirac‖ as a unit
of one w ord per hour. H e w as also aggressively irreligious. In one fam ous
exchange at the 1927 Solvay conference, talk am ong the younger physicists
ventured into the area of philosophy and religion. H eisenberg recounts that
D irac m ade w hat w as for him  an im passioned plea to the effect that religion
had no place in the w orld of a physicist. Pauli, w ho w as silent for m uch of the
discussion, reportedly ventured, ―W ell, our friend D irac has got a religion
and its guiding principle is ‐There is no G od and D irac is H is prophet.‒‖
H eisenberg reported that everyone had a good laugh, none m ore so than
D irac him self.

A m ong the brilliant young theorists of his generation, D irac m ay w ell



have been the m ost brilliant. H is PhD  thesis w as im pressive and attracted the
attention of the physics w orld at large. B orn w as stunned that a doctoral
student could m aster the field so com pletely, especially since the final B orn-
H eisenberg-Jordan paper had not yet been com pleted. O thers shared B orn‒s
surprise. A lm ost im m ediately, D irac w as propelled into the highest ranks of
theoretical physicists. H is w as the first PhD  degree ever granted in the new
field of quantum  theory and heralded the arrival of a superstar. Later in the
year, D irac follow ed it up during a post-doc in C openhagen w ith an even
m ore im pressive paper, w hich dem onstrated m athem atically the underlying
unity betw een the H eisenberg and Schrôdinger approaches, seeing both as
special cases of som ething called transform ation theory. It w as a significant
finding, but D irac‒s best w as yet to com e. In 1927, he produced the first
paper to develop the concept of a quantum  field using the electrom agnetic
field as his focus. The paper had an historic im pact on physics and laid the
groundw ork for Ferm i‒s second great contribution.

IN  1925, H O W EV ER , A LL O F D IR A C ‒S M A JO R  C O N TR IB U TIO N S W ER E still in the
future. A s the year cam e to an end, w hile Schrôdinger w as holed up in the
A ustrian A lps w ith his girlfriend during C hristm as w restling w ith his
equation and putting it in the proper form  and w hile young D irac w as
grinding out his thesis, Ferm i w as also thinking deeply about quantum
problem s. B ut the problem s he considered w ere slightly different. H e had
been contem plating them  for several years and now  the w ork of Pauli, in
particular, show ed him  the w ay tow ard a solution.





C H A PTER  FIV E

O F G EC K O S A N D  M EN

W H EN  H E A R R IV ED  IN  FLO R EN C E IN  1925, FER M I A SSU M ED  H IS position as a
lecturer at the Institute of Physics, w hich served as the U niversity of
Florence‒s physics departm ent. Perched on a low  hill in the A rcetri area just
south of the old tow n, the institute w as far aw ay from  the rest of the
university, w hich w as closer to the city center. The setting m ay have been
inconvenient, but it w as quite beautiful and Ferm i loved it.

A ndrea G arbasso, the head of the institute, sought to staff the institute
w ith the brightest physicists of the younger generation. The previous year he
brought R asetti on board to teach experim ental physics. N ow  he w as
delighted to take on Ferm i to teach theory. Ferm i spent the next tw o years
lecturing on physics to engineering students at the university. H e taught tw o
courses, one in m athem atical physics and the other in classical m echanics
(called ―rational m echanics‖ at the tim e). The notes for his m echanics
lectures w ere com piled into a beautiful handw ritten m anuscript, w hich could
serve as a good introduction to the subject even today.

W hen he w as not teaching and w hen he w as not in the library reading
about the pathbreaking w ork being done in G ôttingen, he and R asetti w ere
hiking in the hills around the institute or playing pranks on m em bers of the
institute staff or, occasionally, both at the sam e tim e. The tw o pranksters
noted the som ew hat tim id nature of the local girls w ho served m eals at the
institute cafeteria. Together they hatched a plan: they w ould collect bagfuls of
sm all lizards, catching the tiny but plentiful creatures using six-foot-long rods
of Pyrex glass fitted w ith silk loops at the end. Then they w ould release them
in the cafeteria and w atch the horrified reaction of these unsuspecting and
unsophisticated w om en. It sounds like a Pisa prank, w ith all the attendant
childishness and unspoken m isogyny.

Ferm i had little interest in geckos or their habits. Lying in w ait for the



geckos, he thought about Pauli‒s w ork and its im plications for a problem  he
had been grappling w ith since 1924‍ how  to describe a ―perfect gas‖ in
quantum  theoretical term s. A  paper he w rote in January 1924, w hile he w as
still in G ôttingen, is an im portant piece of evidence. H e w as struggling w ith
the application of quantum  theory to statistical m echanics, particularly w ith
respect to the concept of entropy. H e needed a hook on w hich to hang an
analysis that incorporated the w ork of the G ôttingen group into one of his
favorite fields.

Pauli‒s w ork provided just such a hook.
G iven his voracious reading, Ferm i alm ost certainly w as aw are of

Pauli‒s original paper w hen it w as published in M arch 1925. H e m ay, as
Segræ speculates, have spent m ore tim e discussing it w ith Pauli‒s colleague
K ronig during the sum m er of 1925, w hen K ronig accom panied Ferm i and
others‍ including a young Edoardo A m aldi‍ on a hiking trip in the
D olom ite M ountains. H ow ever it happened, he developed a w orking
know ledge of Pauli‒s exclusion principle and began to consider how  the
puzzle over statistical m echanics m ight be resolved in light of it. The leap of
insight he had, w aiting quietly for a gecko to ensnare itself in one of his
lassos, w as that Pauli‒s exclusion principle could be extended from  electrons
surrounding an atom ic nucleus to single atom s in a gas. W ith this insight, he
could explain the strange behavior of gases under very high pressure or at
very low  tem peratures, w hen they seem  to lose their therm al capacity, or
w hat physicists call specific heat. They becom e degenerate, filling all the
low est energy states possible w ithin Pauli exclusion constraints.

A s Ferm i‒s close friend and colleague H ans B ethe later explained:

The quantum  states of an atom  in a gas differ by their velocities; there is one and only one
state in w hich the atom  is com pletely at rest, a second state in w hich it m oves extrem ely
slow ly, a third w ith som ew hat higher velocity, and so on. Since no tw o atom s can be in
the sam e state, only one single atom  can be com pletely at rest, all others m ust be in
m otion, even at absolute zero tem perature.

This, in a nutshell, is the difference betw een traditional statistical
m echanics and Ferm i‒s new  interpretation that takes into account the
exclusion principle. In the traditional version, the absence of heat im plies the
absence of m otion. In Ferm i‒s version, even in the absence of heat, atom s
jostle for position because no tw o atom s can share the sam e state (velocity).

In his fam ous paper, ―O n the Q uantization of a Perfect M onatom ic G as,‖
Ferm i laid out the statistical approach required to account for the energy level



of such gases, incorporating Pauli‒s exclusion principle. The idea m ust have
gelled in early Septem ber 1925, before the A rcetri geckos w ent into
hibernation. It took him  the rest of the year to get it all dow n on paper in a
form  that satisfied him . H e presented a short version of the paper at the
institute on February 7, 1926, and published it in the journal of the
A ccadem ia dei Lincei soon thereafter. Six w eeks later he expanded it
considerably and sent it off to Zeitschrift fúr Physik, w here it w as received on
M arch 26, 1926.

The paper had an im m ediate im pact, particularly because it gave a
m athem atical explanation of degeneracy. It w as know n that electrons in
m etals exhibit degeneracy. N ow  people like Pauli, Som m erfeld, and a young
graduate student of Som m erfeld‒s, H ans B ethe, w ere able to calculate the
behavior of electrons in m etals using Ferm i‒s approach and discovered that it
predicted the observable results. W ord spread as far as England, w here Paul
D irac read the paper‍ presum ably the G erm an version‍ and prom ptly forgot
about it because it solved a problem  that held no interest for D irac at that
particular m om ent, focused as he w as on finishing his PhD  thesis. Later in the
year, D irac developed an interest in the problem , approached it from  scratch,
and cam e up w ith a slightly different m ethod that led to the sam e analytic
conclusions. D irac‒s approach w as broader, extending to particles that do not
obey Pauli‒s exclusion principle but rather do obey w hat w as then know n as
B ose-Einstein statistics, now  called ―bosons.‖ H e presented his paper to
London‒s R oyal Society on A ugust 26, 1926. The editors of the R oyal
Society‒s Proceedings m ay not have been aw are of Ferm i‒s prior w ork on the
subject.

W hen he read D irac‒s paper, Ferm i w as surprised and perhaps a bit
annoyed that D irac m ade no m ention of Ferm i‒s previous paper. H e sent a
letter in som ew hat stilted English to D irac calling the latter‒s attention to his
prior w ork:

In your interesting paper ―O n the Theory of Q uantum  M echanics‖“  you have put
forw ard a theory of the Ideal G as based on Pauli‒s exclusion Principle. N ow  a theory on
the ideal gas that is practical [sic] identical to yours w as published by m e at the beginning
of 1926.“  Since I suppose you have not seen m y paper, I beg to attract your attention to
it.

C ontrary to Ferm i‒s presum ption, D irac had indeed read Ferm i‒s paper.
H e had sim ply forgotten it. A s he later explained:



W hen I looked through Ferm i‒s paper, I rem em bered that I had seen it previously, but I
had com pletely forgotten it. I am  afraid it is a failing of m ine that m y m em ory is not very
good and som ething is likely to slip out of m y m ind com pletely, if at the tim e I do not see
its im portance. A t the tim e I read Ferm i‒s paper, I did not see how  it could be im portant
for any of the basic problem s of quantum  theory; it w as so m uch a detached piece of
w ork. It had com pletely slipped out of m y m ind, and w hen I w rote up m y w ork on the
antisym m etric w ave functions, I had no recollection of it at all.

H e im m ediately sent an apology to Ferm i and from  then on alw ays
referred to the statistics as Ferm i-D irac, generously giving Ferm i prim ary
credit for it. That w e now  refer to particles that obey the exclusion principle
as ferm ions and those that do not as bosons is a direct result of D irac‒s
acceptance of Ferm i‒s claim  of priority.

A s is the case w ith m any im portant developm ents, other talented
theorists w ere thinking about these m atters at the exact sam e tim e, including
B orn‒s young protçgç Pascual Jordan. In D ecem ber 1925, Jordan gave B orn a
m anuscript to read w hile B orn traveled to the U nited States, w here he w as to
present lectures at M IT. B orn put it in his suitcase and quickly forgot it. Six
m onths later, B orn w as rum m aging through his suitcase and discovered the
unread m anuscript. A s he brow sed through it, he realized that he had
inadvertently cheated Jordan of credit for the discovery because the Jordan
paper proposed using the Pauli exclusion principle in exactly the sam e w ay as
had Ferm i and D irac, but even earlier. For his part, Ferm i w ould never have
allow ed six m onths to elapse before hearing back from  B orn. Indeed, so great
w as Ferm i‒s self-confidence, he probably w ould not have bothered to ask
B orn to review  it in the first place.

FER M I H A D  N O  IN TEN TIO N  O F R EM A IN IN G  IN  FLO R EN C E A S A  LEC TU R ER for the rest
of his career. H e w as am bitious and w anted a chair at a m ajor university. In
this he had an ally in Senator C orbino. Ferm i‒s w ork on quantum  statistics
had earned him  a global profile am ong the elite of the physics w orld and
w ould, under norm al circum stances, have led to offers at any num ber of
prestigious Italian institutions. That it had not yet done so reflected the highly
com plex, political nature of Italian academ ic life. Ferm i needed the influence
and support of som eone like C orbino to m ake his am bition a reality.

There w as a form al system  in place in Italy for the recruitm ent of
professors at Italian universities. W hen an opening w as available, the Italian
M inistry of Education w ould run a com petition, or concorso, in w hich it



w ould assign a sm all com m ittee of senior professors to m ake a
recom m endation of a candidate to fill the opening. Each of the com m ittee
m em bers w ould nom inate potential candidates, and candidates‒ respective
qualifications, including publications and any prior teaching assignm ents,
w ould be evaluated and com pared. D uring 1925, a position opened at the
U niversity of C agliari in Sardinia. In the concorso Ferm i found him self in
com petition w ith G iovanni G iorgi, a m an old enough to be his father w ho had
been teaching at the U niversity of R om e since 1913. H e w as a solid physicist
of the old school, w ith no fundam ental contributions to his nam e. Ferm i‒s
candidacy fell victim  to the reluctance of pow erful professors to em brace the
new  physics. The five m em bers of the com m ittee split 3‌2 in favor of G iorgi.
Levi-C ivita and V olterra voted for Ferm i; three others put their support
behind G iorgi. The three w ho voted for G iorgi w ere em inent Italian
physicists of the old school; they only reluctantly accepted relativity theory
and w ere relatively im m une to the new  quantum  theory. Levi-C ivita, of
course, w as one of the m ain advocates of relativity theory, and V olterra w as
also a strong advocate of the new  physics. Segræ notes that Ferm i view ed the
outcom e as ―unjust‖ and never forgave those w ho voted against him .

The concorso for the U niversity of R om e w as a m uch bigger prize and
Ferm i w as clearly eager to fill the opening once it w as established. C orbino
w orked hard to get approval for a position in theoretical physics, w hich
w ould be the first chair of this type in Italy. The other physics chairs w ere in
either experim ental physics or m athem atical physics. There w as som e
thought that C orbino m ight get official approval for the position as early as
1925; how ever, the m atter w as postponed until the fall of 1926. That Ferm i
em erged as the concorso‒s unanim ous first choice w as hardly surprising,
because C orbino, w ho chaired the com m ittee, had stacked it w ith Ferm i
supporters. Persico and another m em ber of the R om e Institute, A ldo
Pontrem oli, cam e in second and third, respectively. Persico w ent north to
Florence, and Pontrem oli, to M ilan.

Segræ notes that Ferm i paid a great deal of attention to his career during
this period and seem ed obsessed, at least in his letters to Persico, w ith the
m echanics of the concorso process and his ability to prevail and beat the
com petition. H e also notes, w ith barely disguised bitterness, that Ferm i did
not recall his ow n struggles to achieve his career objectives:

That Ferm i had been intensely interested in his form al career m ay com e as a surprise to
those w ho knew  him  in his later years. I rem em ber that as early as 1930, or shortly



thereafter, he show ed little interest in his friends‒ and collaborators‒ problem s of academ ic
advancem ent. H e w as of course right in giving overriding priority to scientific
achievem ent and to favorable w orking conditions over career questions; nevertheless, he
seem s to have forgotten very early the w ay he him self felt in his youth.

Perhaps Segræ w as correct in his interpretation of Ferm i‒s reluctance to
intervene on behalf of the careers of m ore junior colleagues. Perhaps it
reflects, as A m aldi once suggested, that Ferm i believed the w orld of physics
w as a tough one, and one needed to be tough to survive in it. H is behavior
m ay have been his w ay of preparing his younger colleagues. It is also
possible, how ever, that as Ferm i becam e acutely aw are of his grow ing pow er
and influence w ithin Italian academ ic circles he felt that any intervention he
m ight m ake w ould give the recipient an unfair advantage. Fairness, rather
than insensitivity, m ay have been his top priority. In any case, as Segræ
acknow ledges, this changed noticeably in his later years.

IN  TH E R EPO R T O F TH E R O M E C O N C O RSO  C O M M ITTEE, PU B LISH ED  in N ovem ber
1926, Ferm i receives fulsom e praise, but one particular sentence, crafted by
C orbino and expressing his hopes for his young colleague, stands out: ―he
m oves w ith com plete assurance in the m ost difficult questions of m odern
theoretical physics, in such a w ay that he is the best-prepared and m ost
w orthy person to represent our country in the field of intense scientific
activity that ranges the entire w orld.‖ This w as C orbino‒s dream  and he had
used his considerable influence and political savvy to m ake it possible. H e
happened to be right. Ferm i w as indeed a unique figure, som eone w ho had
dem onstrated that he could fulfill the C orbino plan and probably the only one
w ho could do so. N ow , w ith all the expectations of C orbino and his
colleagues resting on his shoulders, Ferm i had to deliver.
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C H A PTER  SIX

FA M ILY  LIFE

T H E Y EA R S FER M I SPEN T IN  R O M E‍ 1926 TH R O U G H  1938‍ W ER E som e of the
m ost im portant years, personally and professionally, of his entire life. H e
m arried and had tw o children. H e developed, w ith the help of his m entor
C orbino, a m ajor international center for physics education and research,
attracting not only the best m inds in Italy but also m ajor young physicists
from  other European centers of excellence. H e organized tw o m ajor
international physics conferences, w hich put Italy on the physics m ap. A s a
theorist, he cham pioned D irac‒s quantum  field theories to the broader physics
w orld and used those theories to develop the first theoretical explanation of
beta decay. Finally, during these years he discovered induced radioactivity
through slow -neutron bom bardm ent. In the process he becam e‍ reluctantly,
but inexorably‍ a celebrity of the fascist regim e.

FER M I A R R IV ED  B A C K  IN  R O M E IN  EA R LY  1926 A N D  TO O K  U P R ESID EN C E w ith his
father and sister in their new  hom e in C ittÞ G iardino A niene at V ia
M onginevra 12. A lberto and M aria had m oved in just a few  m onths before to
a house built to A lberto‒s specifications, m ore com fortable than the cram ped
apartm ent on V ia Principe U m berto w here the fam ily had lived since 1908.
C ittÞ G iardino A niene w as w hat the B ritish w ould call a ―garden suburb,‖ a
developm ent w ithin the R om an m etropolis w here each house had its ow n plot
of land w ith a private backyard. It w as, in its tim e, suburban living at its
finest, a little over four m iles from  Ferm i‒s new  offices at V ia Panisperna.
Ferm i w ould w alk or bike to w ork, or som etim es take public transport part of
the w ay. H e had not yet bought his first car.

O n Saturdays, Ferm i returned to the vibrant salon of the great Italian
m athem atician G uido C astelnuovo. H e had attended briefly in the year prior



to his assignm ent to Florence. N ow  he w as far better know n to the em inent
m athem aticians w ho joined C astelnuovo every Saturday, including V ito
V olterra, Tullio Levi-C ivita, Federigo Enriques, and U go A m aldi, w ho
brought along his son Edoardo, just eighteen years old. These w ere som e of
the greatest m athem aticians of their generation, and they understood the
potential Ferm i had to revolutionize Italian physics. They w elcom ed him ‍ all
the m ore so because of his new  w ork on quantum  statistical m echanics.

A t these salons, Ferm i w ould spend part of his tim e w ith the older
gentlem en discussing developm ents in m ath and physics. There w as m uch to
discuss, especially now  that the logjam  in quantum  physics had given w ay to
m ajor breakthroughs. H e w ould also pull aw ay from  the adults and enjoy the
com pany of the youngsters w ho am used them selves in a separate room .
There he joined a sm all circle of social friends, including Edoardo A m aldi
and C astelnuovo‒s attractive daughter, G ina. Persico, for the tim e being
lecturing at the U niversity of R om e, also attended the salons and soon w as
part of the group of young people. Eventually, Em ilio Segræ joined them , as
w ell. O ne other friend adm itted later to the ring w as a fabulously beautiful
young w om an nam ed G inestra G iovene, a R om an w ho started taking classes
in physics at V ia Panisperna. In short order she w ould becom e Edoardo
A m aldi‒s w ife.

O n Saturdays they w ould enjoy them selves at the salon, w hile the older
people spoke of m ore serious things. Ferm i w ould invent silly gam es, one of
w hich, ―fleas,‖ consisted of m aking sm all coins bounce across a felt-covered
table. Ferm i w ould also play ―director‖ and pretend to direct the others in an
im aginary m ovie. They w ould often m eet up the next day as a group, w ith
Ferm i in the lead, setting out on hikes and clim bs in the parks and hills that
surrounded R om e. A m ong the group w as a young w om an Ferm i had m et a
few  years before, the daughter of prom inent Italian adm iral A ugusto C apon.
H er nam e w as Laura.

Laura C apon had grow n into a young w om an since the day Ferm i had
m et her just prior to his Florence assignm ent. In 1924 she w as only sixteen
years old, and they m et once m ore briefly during the sum m er of 1925. B y the
tim e Ferm i began to notice her, at these salons and on num erous group hikes
and outdoor adventures, she had becom e a lovely w om an of eighteen years.
She w as slim  and attractive, gifted w ith a sharp m ind and an equally sharp
tongue. In Laura C apon, Enrico Ferm i had m et his m atch.

D uring her tim e as a science student at the U niversity of R om e, she had



taken courses in m ath and physics w ith Persico. Indeed, she w rites that it w as
the thought of seeing the handsom e, blond Persico in a social setting that
m ade her persuade her father to accept the open invitation to attend the
C astelnuovos‒ Saturday salons. Laura w ould som etim es bring her sister A nna
to these gatherings. A nna, an artist w ith little patience or interest in her
sister‒s science-obsessed friends, dism issively dubbed them  ―the logarithm s,‖
a nam e that stuck. The friendships Laura developed w ith Persico, A m aldi,
G inestra, G ina C astelnuovo, and the others w ere com pletely independent of
the connection to Ferm i, and they lasted her entire life, w ell beyond Ferm i‒s
death.

The reticence Ferm i show ed in every aspect of his personal life prevents
us from  follow ing their courtship from  his point of view . H e w rote neither
letters nor diaries that narrate the developm ent of their relationship. The only
w ritten accounts are Laura‒s, and they do not provide a detailed picture
either. W hat w e do know  is that the tw o drew  closer during these outings.
Ferm i m ust have found her personality attractive, and she w as quite pretty.
She also cam e from  a w ell-to-do fam ily, w ith greater resources than Ferm i‒s
ow n fam ily. For her part, she clearly understood how  gifted he w as and also
adm ired his charism a and outgoing personality.

W hat she didn‒t appreciate, how ever, w as his tendency to tease her,
especially in the presence of his old friend R asetti, w ho took up a position at
V ia Panisperna as a professor of experim ental physics not long after Ferm i
arrived. O n outings and road trips, the tw o of them  w ould gang up on her
m ercilessly, testing her on all sorts of trivia and ridiculing her w hen she got
an answ er w rong. O n one occasion they grilled her on the nam e of a shell
they found on the beach at O stia, a favorite sum m er destination of the group.
A nother tim e they quizzed her on geography: w hat is the capital of
A fghanistan? W hen she could not answ er correctly, they collapsed in
laughter. They w ould also gang up on the others, including the young Segræ.
The tw o of them  w ould feed off each other, but it appears that R asetti w as
usually the instigator.

Laura recounts one particular question Ferm i posed and then solved
him self. It is perhaps the earliest account of w hat has com e to be know n as a
Ferm i problem ‍ a problem  of seem ingly insurm ountable com plexity that can
be answ ered to w ithin an acceptable degree of accuracy by m aking som e
sim ple, reasonable assum ptions. O n one excursion the group cam e upon an
anthill:



W e could see nothing of interest, only a com m on anthill.
―H ow  m any cerebral cells w ork at building this m ound? W ould you say that ant brains

yield m ore or less w ork than hum an brains per unit of cerebral m atter?‖ Enrico w ould pull
out of his pocket the sm all slide rule that never left him . ―Let‒s see“  in a cubic centim eter
of neurons“ ‖ In a short w hile he w ould raise his trium phant eyes on us. ―I have figured
the answ ers. A nd you?‖

Ferm i had the analytical skills to figure out alm ost anything by him self.
R asetti had a seem ingly inexhaustible base of factual know ledge on a vast
range of subjects. Together, they w ere m ore than intim idating and could give
anyone an inferiority com plex. Laura w as up to the challenge. A t one point,
after a few  years of hum iliation, she and G inestra, by now  a close friend,
resolved to gain the upper hand in these inquisitions and m astered the entry
for the old Egyptian city of A lexandria in the Enciclopedia Italiana. That
Sunday they grilled Ferm i and R asetti on the topic and silenced them , for the
first and only tim e.

It w as during the sum m er of 1925, w hen Ferm i vacationed w ith other
m em bers of the C astelnuovo salon and spent a brief tim e w ith Laura, that he
confided to her, in a m atter-of-fact w ay, that he grouped people into four
categories of intelligence: low er than average, average, intelligent, and
exceptional. Laura describes how  she gave back as good as she got, teasing
Ferm i:

―Y ou m ean to say,‖ I com m ented, assum ing the m ost serious expression I could m anage,
―that in class four there is one person only, Enrico Ferm i.‖

―Y ou are being m ean to m e, M iss C apon. Y ou know  very w ell that I place m any
people in class four,‖ Ferm i retorted w ith apparent resentm ent; then he added on second
thought: ―I couldn‒t place m yself in class three. It w ouldn‒t be fair.“  C lass four is not so
exclusive as you m ake it. Y ou also belong in it.‖

H e m ight have been sincere at the tim e, but later he m ust have dem oted m e to class
three. B e that as it m ay, I have alw ays liked to have the last w ord in any argum ent and so I
said w ith som e finality: ―If I am  in class four, then there m ust be a class five in w hich you
and you alone belong.‖ To everyone except Ferm i, m y definition becam e a dogm a.

This exchange, so early in their courtship, reveals w hat they found so
attractive in each other. She knew  he w as uniquely brilliant and adm ired him
for it, even as she teased him  about it. H e understood that she, too, w as quite
intelligent and difficult to intim idate. O nly over tim e did his constant teasing
w ear her dow n. N evertheless, they m ust have found a deep m utual
com patibility because by 1928 they w ere m arried.

Sadly, A lberto did not live to see the couple w ed. H e had been ailing
since Ida‒s death in 1924, and he died in M ay 1927, his children at his side.



For the next tw elve m onths, the tw o siblings shared the hom e in C ittÞ
G iardino.

Enrico appears not to have expressed any outw ard grief. N one of his
early biographers m ention it and no letters or diaries exist that allow  us to
pull back the curtain on w hat m ust have been a traum atic m om ent in Ferm i‒s
life. It is com pletely consistent, of course, w ith the universal view  of those
w ho knew  him  that he rarely if ever expressed personal feelings. H e w as still
in the grip of the m om ent w hen, at the age of tw o, he broke dow n in tears at
the first sight of his fam ily and his m other scolded him  for it.

TH A T SU M M ER FER M I B O U G H T A  C A R .
G enerally frugal, he chose the cheapest m odel Peugeot, a ―bçbç‖

Peugeot, a yellow  tw o-seat convertible that looked as silly as it w as cheap.
H e had grandly announced to his friends that soon he w ould be either getting
m arried or buying a car. A larm ed w hen she heard the new s about the
Peugeot, Laura‒s sister C ornelia w rote to Laura, w ho w as spending the last
w eeks of sum m er at her uncle‒s Tuscan country villa. Everyone in their circle
m ust have know n that Laura and Enrico w ere interested in each other, and
C ornelia w anted Laura to hear directly from  her as soon as possible the
presum ably bad new s, that Ferm i had chosen car over w ife, before she found
out from  som eone else. Laura claim s to have been pleased by the new s and
assured her other sister A nna, w ho w as w ith her at the villa, that she had
decided to becom e a professional w om an and had no interest in m arriage.
B esides, Ferm i had described his ideal w ife to her and she bore no
resem blance to that ideal: ―H e w anted a tall, strong girl of athletic type, and
blonde if possible; she m ust com e from  sturdy country stock, be nonreligious,
and her four grandparents m ust be alive.‖ Laura put this dow n to Ferm i‒s
belief in eugenics, com m on at the tim e, as w ell as his love of sports and his
general skepticism  w hen it cam e to m atters m etaphysical. It appears to have
crossed neither her m ind nor anyone else‒s that his description of the ideal
w ife m ight have been m eant to distract Laura from  discovering just how
interested he w as in her or that he bought the car specifically to help w oo her.
Soon he w as taking her, along w ith other ―logarithm s,‖ out for drives in the
countryside, often accom panied by R asetti, w ho had his ow n car and could be
relied upon to give Ferm i a hand w hen his car broke dow n, as it often did.
For Ferm i, driving becam e a lifelong passion.



O ver the next few  years, w ell after their m arriage, the car becam e a
character in the Ferm i story. Its egg-yolk-yellow  color, its dense trailing
cloud of black exhaust fum es, and its faintly ridiculous shape m ade it a sort
of m inor celebrity on the streets of R om e. O ften after a m ovie or dinner,
Laura and Enrico w ould return to the parked car only to find an am using (or
insulting) note left behind on the w indshield or seat.

W E D O  N O T K N O W  W H EN  FER M I PR O PO SED ‍ IT W A S PR O B A B LY  IN  late 1927‍ but
propose he did. Laura w as quick to accept, and the civil cerem ony w as set for
July 28, 1928. In R om e, civil w eddings w ere held in the city hall atop the
ancient C am pidoglio, or C apitoline H ill, the legendary site of R om ulus‒s
founding of the city. A ccording to Laura, it w as a very hot day in R om e‍
104 degrees in the shade, in the days before air conditioning. The w edding
party w as supposed to m eet at the spacious C apon residence at V ia dei V illini
33 and head dow ntow n from  there by car. A t the appointed hour, all except
the groom  had arrived. It w asn‒t a case of nerves that delayed Ferm i. The suit
he had ordered arrived w ith about three inches to spare in the sleeves and
trousers and, alw ays one to do his ow n handiw ork, Ferm i told his sister to go
on w hile he adjusted them  to the proper length. M aria brought w ord to the
group that the groom  w as suffering not from  cold feet but from  short arm s.
Everyone w as relieved. Soon the groom  him self arrived and the group m ade
their w ay up to the C am pidoglio.





FIG U R E 6.1. Laura and Enrico in
their ―B çbç Peugeot.‖

C ourtesy of Rachel Ferm i.

The cerem ony w as short, and soon afterw ard the w edding party spilled
out into the plaza for a group photo. It is a w onderful photo‍ so w onderful,
in fact, that Ferm i‒s A rgonne lab colleagues chose it as the cover of the
tribute record album  To Ferm i w ith Love, produced after his death. The
new lyw eds are at the center, Ferm i grinning from  ear to ear, Laura sm iling
m ore dem urely under a round-topped hat. Sharing center stage w ith them  are
Laura‒s father, in full cerem onial uniform ; Senator C orbino, the closest thing
to a father figure for Ferm i since his ow n father passed aw ay a year earlier;
M aria, Laura‒s sisters, and various other relatives; and, at the back, his head
rising ostrich-like above the rest of the group, Ferm i‒s old friend Franco
R asetti. The joy of the occasion is obvious, despite the sw eltering m idday
heat.





FIG U R E 6.2. Enrico and Laura‒s
w edding party, 1928. Laura‒s
father, A dm iral C apon, is at
center, next to Enrico. Laura
is to Enrico‒s right. C orbino is
seen just behind the adm iral‒s
left shoulder, and at the back,
peeking over C orbino‒s left
shoulder, is R asetti. C ourtesy

of Rachel Ferm i.

TH E N EW LY W ED S TO O K  TH EIR  H O N EY M O O N  A T A  M O U N TA IN  IN N  nestled in the
village of C ham poluc in the Italian A lps, ten m iles due south of the
M atterhorn. The flight from  R om e to G enoa, in a D ornier sea plane operated
by Italy‒s fledgling com m ercial air transport system , w as Laura‒s first. She
w as apparently terrified but w as proud to have hidden it from  her new
husband. From  G enoa they took a train into the m ountains.

Settled in their hotel, the couple spent part of their tim e hiking and
exploring the m agnificent landscape of the V al D ‒A osta, one of Italy‒s m ost
beautiful alpine valleys. N aturally, Enrico decided that this w as the right tim e
to teach Laura electrom agnetic theory. A  student of general science at the
U niversity of R om e, she had a good understanding of basic physics.
Incapable of not teaching‍ it w as perhaps his principal m ode of
com m unication‍ Ferm i resolved to use the honeym oon to teach his new  w ife



M axw ell‒s fam ous equations on the electrom agnetic field. She w as patient
and, to her credit, a w illing and able student. She w as also unafraid to poke
holes in her husband‒s explanations w hen she saw  them . She knew  he w as
one of the m ost brilliant m en in his field, but that didn‒t stop her from
challenging him  w hen she thought he w as w rong:

Patiently I learned the m athem atical instrum ents needed to follow  each passage. Faithfully
I w ent over Enrico‒s explanations, trying to keep m y eyes from  the w indow  and the
inviting m eadow  that I saw  through it, until I had digested m y lesson and m ade it m aterial
of m y ow n brain. Thus w e arrived at the end of the long dem onstration: the velocity of
light and of electrom agnetic w aves w ere expressed by the sam e num ber.

―Therefore,‖ Enrico said, ―light is nothing else but electrom agnetic w aves.‖
―H ow  can you say so?‖
―W e have just dem onstrated it.‖
―I don‒t think so. Y ou proved only that through som e m athem atical abstractions you

can obtain tw o equal num bers. B ut now  you talk about the equality of tw o things. Y ou
can‒t do that. B esides, tw o equal things need not be the sam e thing.‖

―I w ould not be persuaded,‖ she concludes, ―and that w as the end of m y
training in physics.‖

B A C K  IN  R O M E, TH E M A TER IA L FR U ITS O F FER M I‒S M A R R IA G E TO  Laura becam e
quickly apparent. Laura‒s parents settled a dow ry w ith w hich the couple
bought a relatively spacious apartm ent in R om e at V ia B elluno 28, a short
w alk from  her childhood hom e. A t the penthouse level of a m ustard-colored
six-story building, the apartm ent w as airy and gave the new lyw eds an
expansive view  of the attractive neighborhood.

Laura also could afford dom estic help, som ething her parents had
enjoyed and to w hich she had becom e accustom ed. B y the tim e of their m ove
to the U nited States, she m anaged a staff of three m aids, w ho helped take care
of her tw o children and m aintained the household to her standards. B y all
accounts she w as a good cook but left the rest of the household chores to her
staff.

Ferm i, in the m idst of building up one of the m ost im portant centers for
physics research and education in the w orld, had but one dom estic
responsibility w hen they started out. H e w as, by Italian tradition, the person
to furnish the fam ily hom e. H e provided the m oney, but show ed no interest in
actually purchasing the furnishings, a task he left to Laura and her m other.
H is only instructions w ere that the tables and chairs should have straight legs,



in keeping w ith his penchant for sim plicity. Laura reports that she and her
m other decided on pieces w ith som e curves, but these w ere sufficiently
gentle not to bother her dem anding husband, w ho furnished his ow n study in
the apartm ent w ith extrem e sim plicity‍ a chair, a large table that served as a
desk, and a sm all bookcase. Laura w as not the only one to com m ent w ith
surprise that her husband had few  books by his side as he w orked. Ferm i
never am assed m uch of a collection of physics texts, shunning all but the
m ost essential reference books in favor of w orking out m aterial on his ow n.

H e settled in to a routine that rarely if ever varied. H e w ould rise at five
thirty in the m orning, don a blue flannel bathrobe, disappear into his study for
tw o hours, w ork at w hatever physics problem  he w as trying to solve, em erge
at exactly seven thirty‍ he never used an alarm  clock, but had a precise sense
of tim e em bedded in his brain‍ and prepare for the day. A fter a quick
breakfast, he w ould leave the apartm ent at exactly eight o‒clock. H e w ould
return from  V ia Panisperna at one in the afternoon for w hat the Italians call
―dinner‖ and spend the next tw o hours reading or playing tennis until three,
w hen he w ould prom ptly return to V ia Panisperna to pick up w here he had
left off, and then return hom e at eight in the evening for ―supper.‖ B y nine
thirty, he w ould be dozing off and never w ent to bed later than ten o‒clock.
A t five thirty the next m orning, the routine started all over again. It w ould
take som e m ajor developm ent at V ia Panisperna to m ake him  vary this rigid
routine. In at least tw o cases w e know  of‍ the discovery of slow  neutrons in
O ctober 1934 and the operation of the first atom ic reactor in C hicago in
D ecem ber 1942‍ he refused to w ork through lunch and broke off
experim ents so he and his colleagues could enjoy a civilized m eal.

A ll w ho knew  him  observed this habitual regularity, leading Segræ, in an
unkind m om ent, to describe Ferm i as som eone w ith the personality of an
Italian bureaucrat. Segræ m ay have been right, but organizing his daily life as
he did m erely reflected the tidy layout of Ferm i‒s thinking. Though such
orderly habits m ight have been m istaken for a lack of creativity or
im agination by som e colleagues, it is difficult to picture Ferm i living any
other w ay, or achieving w hat he did in any other fashion.

LA U R A  FER M I W A S N O T Q U ITE TELLIN G  TH E TR U TH  W H EN  SH E stated, in her
description of her honeym oon encounter w ith M axw ell‒s equations, that this
w as the end of her learning about physics. Throughout her life she generally



gave her husband a w ide berth w hen it cam e to w ork and usually did not
interest herself in the various projects he w as w orking on. She w as fond of
describing som e of his m ore im portant contributions as ―obscure.‖ Though
she m ust have understood the im portance of the w ork her husband w as
involved w ith during the M anhattan Project, she never asked questions about
the w ork and only discovered at the end of the w ar just how  central w as her
husband‒s role in it. H ow ever, there w as one scientific project on w hich the
tw o of them  truly collaborated.

W hen they w ere m arried, Ferm i w as determ ined to supplem ent his
som ew hat m eager academ ic incom e. Eventually, he w ould find a variety of
sources that w ould keep him  and his fam ily quite com fortable by any
standard, but in 1928 he decided that the m ost effective w ay to earn m ore
incom e w as to w rite a physics textbook for liceo students. H e invited Laura
to join him  as a collaborator. H e w ould dictate and she w ould transcribe and
prepare clean copy. G iven her level of intelligence and her refusal to be
intim idated by her illustrious husband, how ever, it should surprise no one that
she ventured criticism  w hen she felt it w as appropriate. Points that seem ed
obvious to Ferm i did not alw ays seem  obvious to her, and she told him  so. A
back-and-forth w ould ensue, the result of w hich w as, presum ably, of great
benefit to the students w ho w ould use the text.

It took several years for the tw o-volum e set to m ake it from  Ferm i‒s
m ind through Laura‒s pen and typew riter to published volum es. M uch of the
w ork took place during w eekends and sum m er holidays at her uncle‒s Tuscan
villa, w here they took advantage of the quiet solitude to m ake progress.
W hen Fisica cam e out, it w as adopted nationw ide as the m ain physics
textbook for high school students. A fter the w ar, Edoardo A m aldi assum ed
responsibility for preparing revisions.

Laura found that she loved w riting so m uch that she and her close friend
G inestra A m aldi collaborated on another book. Published in 1936 and aim ed
at a general audience, Alchim ia del Tem po N ostro (Alchem y of O ur Tim e)
told the story of m odern physics, including the discovery of radioactivity and
the w ork of their respective husbands in furthering the understanding of the
atom ic nucleus. Its success w as helped by the fam e of their husbands and the
fulsom e praise it received in the preface by none other than O rso M ario
C orbino.



TH E W O R LD  O F PH Y SIC S IS IN TER N A TIO N A L, A N D  A N Y  PH Y SIC IST W H O  w ishes to
keep abreast of the field needs to travel the globe to conferences, colloquia,
sum m er schools, laboratories, and universities‍ indeed, to any place w here
physicists discuss and analyze ongoing developm ents. It is true even today,
but in Ferm i‒s tim e before the advent of the Internet and instantaneous
electronic com m unication, it w as not only im portant‍ it w as vital.

Prior to m oving perm anently to the U nited States, Ferm i traveled to the
U nited States at least five tim es, for sum m er sessions at A nn A rbor, Stanford,
B erkeley, C olum bia, and elsew here. These w ere opportunities for him  to
develop a strong netw ork of like-m inded scientists eager to share new
discoveries and new  ideas. H e also grew  to love the U nited States, its w ide-
open spaces, its gregarious people, its optim ism , and its openness, all in
contrast to the tradition-bound culture of his native Italy. O nly on the first trip
did he bring Laura along w ith him . In follow ing years, Laura usually stayed
hom e during his sum m er travels, partly because she had young children to
care for but also because she did not like the U nited States, at least not at
first.

A s the sum m er of 1930 approached, Ferm i w as invited to attend the
international sum m er sym posium  for theoretical physics at the U niversity of
M ichigan. H is D utch friends Sam  G oudsm it and G eorge U hlenbeck cam e to
A nn A rbor in the late 1920s and took over the coordination of the
sym posium , bringing the first European speakers to the cam pus and using
sum m ers to establish a m ajor center in theoretical physics. The effort w orked
and by 1941, w hen the w ar ended the project, m any of the w orld‒s greatest
physicists had lectured there, including H eisenberg, Pauli, B ohr, Law rence,
and W igner. The tw o D utchm en invited Ferm i to the 1930 session, the first of
five he w ould attend. Ferm i chose to present a m ajor paper interpreting
D irac‒s quantum  electrodynam ics in a strikingly clear, accessible fashion.

A t that tim e, Ferm i‒s com m and of English w as tenuous. O ver the years
he had learned just enough to be able to read papers published by A m erican
and English scientists, but he realized he w ould need som e extra education,
so he did w hat to him  seem ed the natural thing: he borrow ed ten Jack London
novels from  the library and read them  w ith an Italian-English dictionary by
his side. For her part, Laura had learned English in her form al education and
decided she knew  it w ell enough not to review  it before the trip.

N ot surprisingly, they both found out just how  little English they really
knew  the m om ent they arrived in N ew  Y ork, on the first leg of their voyage



to A nn A rbor.
The language im pedim ent w as quite upsetting to Laura, but m ore

upsetting w as the im pression that N ew  Y ork C ity m ade on her. The
overw helm ing size of the city; its verticality; its noise; the hodgepodge of
nationalities, races, languages, cultures; the grim e and filth on the streets; the
sum m er thunder-and-lightning storm s; even the difficulty of getting w ine (the
Ferm is w ere never big drinkers, but A m erica w as in the grip of Prohibition,
and the only w ay they could get a little w ine to drink w as at speakeasies)‍ all
of these provoked a profoundly negative im pression. She w as born and raised
in genteel circum stances in one of the w orld‒s oldest, m ost beautiful cities.
She m ay have been an urban person, but she w as certainly not yet
cosm opolitan and w as blind to N ew  Y ork‒s gregarious culture and noisy
charm .

A nn A rbor w as an entirely different experience. The classic A m erican
cam pus of the university, already one of the finest research institutions in the
country, w as set in the m iddle of a charm ing, quiet, M idw estern tow n,
adjacent to extensive parks and forests. A t the sum m er school she found
Europeans she enjoyed being around‍ both G oudsm it and U hlenbeck had
young w ives, and though they w ere in the process of being ―A m ericanized,‖
as Laura put it, they w ere still European enough for Laura to relate to them
easily and com fortably. The tw o D utchm en, for their part, couldn‒t help but
have som e fun at Ferm i‒s expense. They prom ised to sit in the back of the
lecture hall w hen he spoke, take careful notes, and correct his gram m ar and
pronunciation as the sum m er progressed. W hat they didn‒t tell him , though,
w as that he m ispronounced a few  w ords in such a w onderful w ay they
decided they w ouldn‒t correct him .

Ferm i loved his tim e there and returned several tim es before the
outbreak of the w ar. Laura, though, still found herself out of place. She
brooded on w hat she considered defects of A m erican culture, its ―prim eval‖
instincts, exem plified for her in the A m erican tradition of the bounty hunter.
She continued:

There seem ed to be a total incom prehension of som e instinctive hum an feelings in the
A m ericans‒ insistence on separation of the sexes, asking husbands to stag dinner parties,
leaving poor young w ives to m ope at hom e, or planning w ives lunches, w here the sam e
poor w ives w ere to find their w ay am ong strangers speaking an idiom  strange in w ords
and m eanings, w ithout the m uch-needed support of those pillars of strength, their
husbands.



It w asn‒t an antipathy to travel or to foreign cultures. In 1934 the couple
spent the sum m er in A rgentina and B razil, w here Ferm i gave lectures to
standing-room -only crow ds. She loved it there. There w as som ething specific
about A m erican culture that did not appeal to her. She w ould change, of
course. The decision to stay in the U nited States after the w ar m ay have been
her husband‒s, but the decision to rem ain in C hicago after his death in 1954,
until her ow n death in 1978, w as hers alone and show s that over tim e she felt
at hom e.

In the m eantim e, how ever, her attitude about A m erica m ay have been a
source of strain w ithin the m arriage. Ferm i w as an enthusiast of A m erican
culture. H e w asn‒t im bued w ith high European culture in the w ay so m any of
his northern European colleagues w ere. H e had read classical literature as a
liceo student, but his liberal education ended there. From  the tim e he entered
university, it w as all physics, all the tim e. M any of his A m erican colleagues
had absorbed high culture, m ost fam ously J. R obert O ppenheim er, but it w as
possible to gain the respect of the A m erican intellectual elite w ithout
ostentatious erudition. H e enjoyed the openness, the relative lack of hierarchy
and respect for tradition. In science he m ay not have been particularly
inclined tow ard dem ocracy‍ as his future colleague Luis A lvarez once put it,
―There is no dem ocracy in physics. W e can‒t say that som e second-rate guy
has as m uch right to opinion as Ferm i‖‍ but the lack of deference to seniority
appealed to him .

In addition, as em phasized by Italian scholar G iovanni B attim elli, the
U nited States w as rich, far richer than Italy, and funds w ere available for
projects that seem ed im possible to get off the ground in Italy. Ferm i w ould
visit B erkeley, w ith its m agnificent cyclotron accelerator, and feel m ore than
a pang of envy. H e alw ays had confidence in his ability to lead the pack, even
in the underfunded Italian scientific com m unity. Y et he also knew  that his
research w ould be easier to pursue at any of a half dozen U S universities.

Finally, he loved the outdoors and, though Italy had m uch to offer, he
w as deeply attracted to the w ide open spaces of the U nited States.

It is clear that he w anted to m ove to the U nited States and any num ber of
universities w ould have w elcom ed him  onto their faculties. H e broached the
topic w ith Laura on num erous occasions‍ presum ably every tim e he returned
from  a trip there w ithout her‍ but she resisted. She found little to attract her
in the U nited States, and she loved her native R om e. She knew  it intim ately,
and her friends w ere there. W hy should she m ove? True, the fascist regim e



w as repugnant, but the regim e never m eddled w ith her husband‒s w ork;
indeed, it celebrated that w ork. N or did it m eddle w ith her, at least not until
1938. H er father w as a distinguished m ilitary officer and w as not an opponent
of the regim e. The anti-Sem itic law s that M ussolini w ould pass under
pressure from  H itler w ere w ell in the future, and cultural or political anti-
Sem itism  w as virtually unknow n in Italy, although M ussolini‒s 1929 Lateran
A ccords, regularizing the regim e‒s relationship w ith the V atican, m ay have
gradually served to cool the governm ent‒s relationship w ith Italy‒s Jew ish
population. C ertainly, w hat anti-Sem itism  there w as did not yet extend to
Laura‒s set or to the Jew ish m em bers of the distinguished intellectual circles
in w hich her husband traveled. Every tim e Enrico w ould bring up the subject
of leaving R om e for the U nited States, Laura resisted. N o, their place w as in
R om e.

A  D A U G H TER  W A S B O R N  O N  JA N U A R Y  31, 1931. TH EY  N A M ED  H ER N ella. Laura
had plenty of help around the house to ease the burdens of new  m otherhood,
but her husband w as of little use. Laura m ay have envisioned the life of a
professional w om an for herself w ithout the obligations of fam ily, but she
readily assum ed the m ore traditional m odel of m other and housekeeper. H er
husband w as, how ever, aw kw ard around the new born. Laura confirm s that he
had no idea how  to relate to this new  person in his life, som eone w ith w hom
he could not speak or engage in any of his favorite pursuits. A t tim es he
referred to her as the bestiolina, the little beast. N ella physically resem bled
Enrico m ore than she did Laura, and Laura, w ith a m isplaced faith in
genetics, assum ed that N ella w ould inherit Enrico‒s intellectual abilities, as
w ell. She could not hide her disappointm ent that N ella seem ed to be a
norm al, curious, happy child, w ith little inclination tow ard m athem atics and
science.

Little brother G iulio w as born just five years later, on February 16,
1936, at the height of M ussolini‒s ill-fated adventure into Ethiopia. Laura w as
perhaps a bit kinder to him , having had half a decade of experience raising
N ella. She describes him  as a strong, loud baby, but there is little evidence
that Enrico paid any m ore attention to him  than he had to N ella, even though
the boy‒s nam e w as chosen to honor the m em ory of Enrico‒s dead brother.

N either Enrico nor Laura w as an ideal parent. In her m em oir Laura
virtually concedes this in the self-deprecating title of the section describing



the children‒s arrival, ―H ow  N ot to R aise C hildren.‖ There is, how ever,
nothing to suggest that they w ere particularly bad parents, given the standards
of the tim e. M other and father both lived a life of the m ind, and neither w as
naturally inclined tow ard the art of parenting. They w ere lucky in that they
had the resources to hire help as the babies grew  into young children. M uch
suggests they provided w ell for the children during these years and beyond,
although their em otional and psychological distance, and Enrico‒s fam e after
the w ar, eventually took a toll on the siblings.

FER M I‒S FA M ILY  LIFE W A S G O V ER N ED  B Y  R O U TIN E: H IS O W N  D A ILY  schedule, the
annual sum m er holidays, the regular trips to the Tuscan country hom e that
Laura‒s aunt and uncle ow ned, the w inter sojourns in the m ountains for
skiing, and the academ ic cycle around w hich Ferm i‒s professional life
revolved. A s Ferm i becam e m ore of a celebrity, as he w on recognition from
the physics com m unity and the fascist regim e under w hich he reluctantly
labored, there w ere undoubtedly m ore distractions, but his w as m ainly a w ell-
ordered, bourgeois lifestyle, w ith a m arked absence of dom estic or
psychological dram a. A ny perturbations during this period w ere confined to
Ferm i‒s professional life, to his efforts to build a w orld-class physics research
institute, and to his m ajor discoveries.





FIG U R E 6.3. Ski lodge lunch.
From  left: A ntonio R ostagni,
G leb W ataghin, Persico,

Ferm i, and M aria R ostagni.
G ressoney La Trinitç, 1932.
C ourtesy of Am aldi Archives,

D epartm ent of Physics,
U niversity of Rom e, La

Sapienza.





C H A PTER  SEV EN

TH E R O M E SC H O O L

U N D ER  TH E SPO N SO R SH IP O F C O R B IN O , B ETW EEN  1927 A N D  1934 Ferm i
brought together a young, dynam ic team  of professors and students w ho
eventually established R om e as a m ajor center for research into nuclear
physics. This ―R om e School‖ of physics has been the subject of intensive
interest and study. Its hallm arks w ere a balance of theory and experim ent;
system atic developm ent of expertise; cautious conservatism  in term s of
results claim ed, m arried to a keen eye for publicity; disinterest in
m etaphysical or philosophical inquiry; focus on an em pirical approach to all
issues under study; and division of labor that enabled the team , consisting of
w idely differing personalities and tem peram ents, to w ork sufficiently w ell
together to achieve m ajor results.

B eginning in 1935, how ever, the group began to fall apart. The
increasingly poisonous political environm ent w as partly to blam e, as w ere
financial restrictions that m ade it attractive to find w ork abroad. N evertheless,
during the crucial years prior to 1935 the R om e group m ade an indelible
m ark on the w orld of physics.

Throughout the period, Ferm i w as the clear leader of the group, a fact
acknow ledged by his ―disciples‖ w hen they began referring to him ‍ m uch to
his delight‍ as il Papa, ―the Pope.‖ It w asn‒t sim ply that he w as alm ost
invariably right w hen solving a thorny physics problem . A t least one of his
R om e students, Ettore M ajorana, w as nearly as brilliant as Ferm i, if not m ore
so. Y et no one w ould have considered referring to M ajorana as il Papa
sim ply because, outstanding though he w as, he w as not a leader. Ferm i had a
charism a and a m agnetism  that w ere apparent to all w ho m et him . H e w as as
close as anyone in the physics w orld has ever com e to being a natural leader.
The sam e m agnetism  that the ―logarithm s‖ felt w hen Ferm i organized
outings, hikes, afternoons at the beach drew  to him  the students and



researchers w ho m ade up the R om e School.





FIG U R E 7.1. O rso M ario
C orbino. Photograph by
Studio D ‒A rte Luxardo.

C ourtesy of Am aldi Archives,
D epartm ent of Physics,
U niversity of Rom e, La

Sapienza; AIP Em ilio Segræ
Visual Archives.


