i K 7 =2 T

HKEK

RS
/B )Ll_-_/\%




Springer Biographies

DAVID N. SCHWA EnriCOFermi: .
The Master Scientist

The LLast N
Who Kne
Everythii

And the Re Iutluonsnn Modern En " CO Ferml

3 ; r OF ENRIC(Q
ﬂ-_! B FATHER OF
T The Obedient Genius ) NUCLEAR

W Birkhduser

THE LIFE A

\ |
=i

by Jay Orear and others
Dan Cooper

e Striking Gold in Science:
BERER - KNS Fermi’s Group and the Recapture of -
P Italy’s Place in Physics e

e GINO SEGRE ano BE é-‘

GERALD HOLTON




FEAMBEKEIR>>>

- BER-FURBECK. BB, VAT

s FHARIESHHRLENE

T REEE]

C BKERAFITRAMAMEK . BETELEFN

s BAFIRN G S




ARFR>>>

15t HE

A

AREIXRR, BAREXEREESFENTRAD. B2

REWN, TEHARARNSEXEIE.

BAEM TSIV FKIZ MR, BARBRSE., tWXFEIL,

A

[iThickisRoe e

b iX B NEN B ELTE

=, AR

=

X

Hijp Z YR TR K,

ERELE R, XD NIZER N[ E=DTEIE.



AARER>>>

s HERA AR
s TENH (BRlEE5H
AR

PET I

Z
=




FEANER>>> K HE

o fAFEFT/RINFE-FRAKBIEE FIKACH (Adolfo Amidei, T F2IH) fE19144F
BINEIBERRDRS, B E, EREMEIEFE, ®ZTHE
KBRS HPENVIRE KT (Page 11-13).

« 1915 RBRER-MRER (Enrico Persico): HAFB—REZ ST iz L

7B (Page 12); B —AE EWMIBIEAM ZSHHL T SUEFWIBER (19
e =+ FHR AR Andrea Caraffa) . ERXFEI—ARFIEREPRR
HE X IR T & (BEYIEZ 3K Orest Kvholson) ; XA XKFTT 7TIRFAY ~ o
WEMMBEM, [T RNEICEFLE, BEERRHFEM—IEF] 65 BB BR- K
» BOARFHIRFIEFF (Giulio Pittarelli) ZENFEFEIRERIF(19184F) HiA
BAPHLESMEXFETINRA, SFMEMNEXE —PMZEEXARSE.

XX FHEABELERANEE (Page 16)




FEANER>>> K HE

——

o BAKMELTIESHITES S T - =875 (Luigi Puccianti, 1875.06.11 — 1952.06.09, tEFEE 2 MsE
24X, Scuola Normale Superiore of Pisa): & B 88 JIE E K H AR, EEMEZEHIPEK, MRk
MBAKEFEYIE. MARHFENIRVIEEE, (Page 17)

TEAIRA: Bk CEEEIR) . RARFE ARTEWMIEEL) - AR (SMHEYRL
HIBS) , XEafEXH (MEFHE) (U LEE—ERXARETNA). (Page 18)

. B BUARH/RE-TEE-FBLRELIE (Orso Mario Corbino, 1876.04.30-1937.01.23)
1922FTNIRZE K, BFEAKIV22FHGEE LT FMNIER1936FER/RELiIEEHF . ERARFKEER
“RIF<" . (Page 22)



FEANER>>> BB TE

ACEFRER AGERE. B85, K. 22X BRKEERAFFAFTHKEZEBFUA M, mE
SRERMEE; Hb/LASMAERERHN, JLFAMEXE.
AT A—RYBERFRAFRKRSREBLETKE?

TRNEE (FRENEYEFT TH—REM) :

(1) ERAFDBRECSEE— IR (Page 17), ASHMEEEH T XRENAL, AFEHRERNE, 5
FR—EHEENTE, ABNE EEOHEEMEE. REBAIERERUMNEREY, bt
FRRTERWHENX-HL, BI04 7 HE, Page 20), EHBRIEAPH SHEEAEARNLET
MAFBRRHARI S, ERKER, MEFRYTRRRERN.

() BALEIMERA. SHERHFIASMT, —BRET RENFRCILADBARGHS T TEEDRH/NA
T SEENAER RERMCRYBRIHBMN, FR—EA), FEBIENTHRMEE, EE TR
ESTES PRI RSy

RE—REAMESMFUERLEXR Z AR REYIHR (A HBRMEE. &H FERMER).



FEANER>>> K HE

BEMN-M/RAR Enrico Persico):

FREFFRFBMNEZ, FARNEFFR, B EEXF
B IR IR W IR AR . 1915&&.% 5%k 5 FRE1EM
5, MRBKEBAFLFAIBSERHIE. (Page 12) ’—f'
% EAEF- R ZEEE (Franco Rasetti, 1901.08.10 -2001.12.05):
MIEFR., TEVFER. BEYER 2ZRBS. M1919F &
EHRRKNEZHEERE. %*k%ﬁ#éﬁ%%?iﬂ’fﬁ,
—iZEll, (Page 18)

19274, K FI B -ZEHKF (Emilio Gino Segré, 19594 3518
DURYIER), BEEZ -FL/RHE (Edoardo Amaldi, EX
FIZIER RN AZ—) . KRIEE-DHORW
(Ettore Majorana, 1906.08.05 -1938.03, Z &P 5%, RS NEE=TERELILT DEM T R 3]r9E
SERHTAGEE ) A, ARZEEHMAR, (Page BIAMIRPIOZ—,

52-53)

BRAFR-ERE. BER-BURASMNBER- /X (1927 £F)



Latthe s

(ERFNEZIMHRE) "RRKEFR FHRE KA FERM 75X,

BAREFERANEATIL, HELZHEREBBIIN, XARHEBEDRET IR
%=, BediEREBEABHEARERER K. MEFICE, EEITREEA
SEE, —Ewmid. XEEURIXM, MARMMIZES. MRIIEPERHLTE
RrASIAAEERER, HINTEEEAMZRREEZEN.

XA




FEANER>>> FERR: BEAA

» 1925%F, REBEFSANEFENRIE EEFHIT N ENXEESSANIERS
REREM. BHESFE). BXEARKNIN6FEFRRK. Bh (MEFH
B) Rk, FRBRAF—REAEARBKEXMILX. (Page 37)

FK- IR geit
IMFE K in B EEYIEFH15:
FRT. BARRE. BXE. FHREE. BRI, KIH-FKEM, - -
BR(OCERA)., #(EL00STR)




AARER>>>

FERHF: RE¥EA|

1934 FEH AR A RNEBRTIER, XEHKXERLHTENNRREE (Page 71).
‘BEZIRENXNIZEMMT AN, XEXERSHTE - - XEBXSIHE. XEHFEEE tEd
RBEMXEKBERIENE—F, REFEX, ", HERERSHE. XEFREE thEX#H
AKANHBRIFFEIR .

(Page 72)

X I B Ja SR AR 9 TSR L AV S oKBRE" (B8 —FRERIE A M INE R - ZREERIT)



Enrico Fermi-The Master Scientist
by Jay Orear
Laboratory of Elementary Particle Physics

Cornell University
Copyright 2004 by Jay Orear

Enrico Fermi:
The Master Scientist

Chapter 31

Enrico Fermi
Chen Ning Yang
The Chinese University of Hong Kong
and
Tsinghua University, Beijing

I shall skip describing his beautiful contribution in 1930 to the theory of hyperfine,
structure, and come to the theory of beta-decay. According to Segré, Fermi had considered,
throughout his life, that this theory was his most important contribution to theoretical

physics. I had read Segré’s remarks in this regard, but was puzzled. One day in the 1970s,
[ had the Fuﬂﬂwmg conversation with Eugene ngner In the cafeteria of Rockefeller
University:

Yang: What do you think was Fermi’s most important contribution to theoretical
physics?

Wigner: beta-decay theory.

Yang: How could that be? It is being replaced by more fundamental ideas. Of course it
was a very important contribution which had sustained the whole field for some 40 years:
Fermi had characteristically swept what was unknowable at that time under the rug and
focused on what can be calculated. It was beautiful and agreed with experiment. But it

was not permanent. In contrast, the Fermi distribution is Eermanent.

Wigner: No, no, you do not understand the impact it produced at the time. Von Neumann
and I had been thinking about beta-decay for a long time as did everybody else. We simply

did not know how to create an electron in a nucleus.

Yang: Fermi knew how to do that by using a second quantized psi?

Wigner: Yes.

Yang: But it was you and Jordan who had first invented the second quantized psi.

Wigner: Yes, yes. But we never dreamed that it could be used in real physics.
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Chapter 24 | Glimpses of Fermi in Chicago and Los Alamos by Dick Garwin

People have said that Enrico was competitive, and he was. He would also like to
bet. You could provoke him into a bet, which was somewhat unwise. (laug¢hter) I had to
e T e T e s e o oo B and he bet me
it would collapse when I evacuated it, but he had estimated and I had figured, and it
didn’t collapse.
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% l_l Los Alamos. U/} At Harvard, Wilson published a seminal paper, "Radiclogical Use of Fast Protons", which
founded the field of proton therapy.[171018]

Robert Rathbun Wilson (March 4, 1914 - January 16, 2000) was an American physicist known for

: . . . his work on the Manhattan Project during World War I, as a sculptor, and as an architect of the
Cha pter 22 | Work;n_g Wlth Fermf b.y ROberr W”SO” Fermi National Accelerator Laboratory (Fermilab), where he was the first director from 1967 to
1978.
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Laboratory of Elementary Particle Physics
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Copyright 2004 by Jay Orear

course, for Fermi, who was clearly the best). Fermi was a modest person and liked to be
treated as one of the crowd. Just to give one example of his modesty, even though one of

Chapter 4 | My First Meetings with Fermi his many great achievements was the discovery of Fermi statistics, he always referred to it
as “Pauli statistics.”
|

One of the duties of a thesis adviser is to teach the student how to do good scientific

writing. Fermi took this responsibility seriously. He made me go through four or five

Chapter 7 | My Ph.D. Thesis different drafts. He took special delight each time he found a spelling or grammar mistake.
One thing he taught me was to be overly generous about giving references to other people
nearby university. I knew that person’s work well enough to judge that it was not worth
reporting. Fermi taught me that what [ had done was a no-no. But also Fermi had taught

Fermi took his rule seriously that one should not leave out any reference. I had showed
him a case where a postdoc of Hans Bethe had published a solution for the low-energy
phase shifts in pion-proton elastic scattering and ignored my more comprehensive

Chapter 7 | My Ph.D. Thesis solution that had been published earlier in an Italian journal I rarely observed anger
from Fermi, but this time he uttered something along the lines that the president of the
probably wasn’t even aware of the obscure publication in question, but Fermi insisted he

was going to complain to Bethe anyway. There may be no connection, but four years later
I received an offer of associate professor with tenure from Bethe and Wilson at Cornell.




after the Berkeley Bevatron had been running on both electronic and nuclear emulsion
antiproton searches, not one antiproton had been seen. Also no antiprotons had been seen
in cosmic rays. Murray Gell-Mann had just returned from Berkeley with these negative
results, which he was relating to Fermi and me in the hall just outside our office doors.

Murrax Saidi “Now we know there is no antigroton.” Then Fermi said in a very definitive

Chapter 8 | FermiIntuition  and loud manner, " There is an antiproton.” We grad students used to joke, “Fermi had an
MSTOC Ntk D God: AN oure cnouen, within a month of that definitive pronouncement,
the first antiprotons were discovered at the Bevatron. The group leaders of the electronic
experiment at Berkeley (Chamberlain and Segré) were former grad students of Fermi.

. Parts of this one page are discussed below. We shall see that he does plan jokes days

Chapter 9 | Fermi Humor in advance, and from the second lecture whmmr%w
audience laughter we note that he laughs heartily at his own jokes. As far as I can tell, the

style of humor and delivery shown in these documents are just as I remember and to me

thez ﬁive some feelin& of his humble, friendlz, and cheerful Eersonaliz. My comments are

an H? (2) One of the best pastimes in Los Alamos was fishing. Emilio Segré enjoyed it and
tried to convince Fermi to come along with him. Fermi did not seem to show any interest
Chapter 20 | Ferm/at Chicago by Valentine Telegdi - jpy doing so. Segré then tried to convince him of the intellectual merits of fishing: “You see,
Enrico, it’s not so simple. The fish are not stupid, they know how to hide. One has to learn

their tricks.” Fermi replied, “I see_ matching wits!”

Fermi displayed hardly any of the behavior patterns that one (rightly or wrongly) often
attributes to Italians: loud speech; vivacious gestures; gregariousness; fondness for wine,
food, and song; concern for well-tailored appearance; assertion of authority (“you don't
know whom you are speaking to,” etc.). He possessed, however, one Italian quality, one
that many American intellectuals lack: a total absence of psychological complexes (prewar
Italy was the country with the smallest number of psychoanalysts per capita).



Chapter 12 | Fermi and Politics

Chapter 18 | Pilgrimages to Rome by Hans Bethe

Chapter 18 | Pilgrimages to Rome by Hans Bethe

The Cobalt Bomb

My first political discussion with Fermi was in the form of a question asked by Art
Rosenfeld and me. After the first H-bomb test the possibility of a cobalt bomb producing
widespread radioactive contamination was rather obvious. We asked Fermi for his
opinion on this and he spoke freely to us. He gave a response I did not expect. He said the
military leaders would not rely on a weapon whose effects had never been tested and that
I agree with Fermi on this.

I don’t know when he came to the office; it was too early in the morning for me to
observe, (laughter) but I did observe that he always left the office precisely at noon, and
he always returned from lunch precisely at 3:00. You could essentially set your watch by
his movements. On the other hand, Placzak and I, of course, came to the office at very
irregular hours; in my second year, I usually came about noon when Fermi was about to
leave, and the very dignified custodian, so to speak, of the institute said, “Those Germans

are reallz crazy Reogle: when other Reogle Worki thex sleeg i when other Reogle eat, they

work; and so on.” (laughter)

Carl Sagan: We seem to be a little ahead of schedule and Hans says he’d be happy to take
some questions if there are any on history or physics.

(question from audience): “Did Fermi comment at all on the discussions between Niels Bohr
and Albert Einstein on quantum mechanics?”

Bethe: Not to my knowledge. That was not the kind of thing he would get engaged in.
(!augﬁter’
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MBGH = B R ARV EI L E Z—.

CERN s&F-HipyFA B4 (general secretary).

5| 1R R A BOM AY S 3K

(5 September 1908 — 5 December 1989)

ch % F neutrino H6 & & ETYIE. BFRIE. Bl hk. SriyiE
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19294F Laurea FAI(HE Y THE A1)
HIREXE(JLPF)EBHRKRF X AR, FBERJLTFHINTEZR.,

Exchange force; Relativistic wave functions;

LI

--3.  Ettore Majorana

Majorana fermion, Majorana equation,
Majorana representation.
Hp, AFIBRAER-FEXE) REAX

In 1938, Enrico Fermi was quoted as saying about Majorana:

"There are several categories of scientists in the world; those of

1906.08.05-1938.03.25(5k BF) — second or third rank do their best but never get very far. Then there
—1t RETREIET 19595 RI/F is the first rank, those who make important discoveries, fundamental
2006%F & Majorana X to scientific progress. But then there are the geniuses, like Galileo

and Newton. Maiorana was one of these."



(June 5, 1924 — April 12, 2019)

1962 =E¥HEF¥% Hughes &
1969 5% K

2008 A 4hI
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E = 4 : Geoffrey Foucar Chew

1944-1946 ZINEKZE {12
1957-1991 UC Berkeley
ANTERTRITHXTEEEERRS %

24 David Gross (iE D /RYIEK)
24 John H. Schwarz GZi8 IR & Z—)
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= -5 Marvin Leonard Goldberger
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\ 1943-1945 SMTITHIhERKIES T LKk
1948 ZINEFRZE BLFA

fi ( /nteraction of High-Energy Neutrons with Heavy Nucler)

pu— 1957-1977 Professor at Princeton University

7 Ny
( @ | 1978-1987 President of the California Institute of Technology
‘ﬁ B ARL:
(October 22, 1922 — November 26, 2014)

“ N Crossing symmetry (with Murray Gell-Mann)
LEINMIE T F AR

Goldberger-Treiman relation (with Sam Bard Treiman)



L

(March 28, 1921 — September 29, 2013)

In a 2005 BBC interview, Agnew stated, "About
three-quarters of the U.S. nuclear arsenal was
designed under my tutelage at Los Alamos.
That is my legacy.”
EXERFRMTIERNR L, SIRARSE

- -0 . Harold Melvin Agnew

1941F k. SN, KBERY, BEHRESHEAENZAX
— RS EFT, Joyce C. Stearns IEMSINE HISF1S T 1E,
19438 %L os Alamos S INiZ T 33

1945 FIEAFZIEN E MBI FESINEIET BB T
HEEHARIES TREBEIZMNFARA—EEFERRR)
194821, 1949 {8 2410

[(5F%&4E. B4, KB, HrEEBERENEF]

1950%F #izitR]. FEASTFMSIN R (1955-1961)

JEAN B EBEIRFEm R (1961-1964)

19644F REZH s TEPTE

1970-1979 JBHrfH ZATE R LR =N F1E

1982-1989 BRI Z i ]
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FA4 - /. Owen Chamberlain

T

1942 ZnEiewiitk] (GREEZEARET, B . BHrbTHR EHT)
1946 ZINEFRFE SIHEEX
AT F IR IR, MR
1949 =41
1955 RFBUENKER RMRETF
R AN =E

(July 10, 1920 — February 28, 2006)
RERN T (RXFHEE). REZE)
1% IR B R IR H-1959 1989 RIN(FHEREZEIE)



= -8 Richard Lawrence Garwin

1947-1949%F (21%) ZhNEFKRFE B FA
1952 SE—WEHEMLFRRITHE
B—NMEEEERITEZ—
BRI BN &L AEZ—
S| 110K . EICFTENHL. fdREIAR
[F2RIRE RIS ZIRE T K]

=fEREBEE]--
(born April 19, 1928) % = 'z!:'%—g;lgu;lazzqat}—ﬂﬁi&éziﬁéﬁ/z\az T
One of Fermi’s students, Marvin L. Goldberger, NMEEBIESHEEMELIEERS TE.
claims that Fermi said that "Garwin was the only = Bf?ﬁ %E?ﬁ = %ﬁﬂ'ﬁé = /\ﬁk =
VIR — TI= ﬁ'l\_. IS A

true genius he had ever met".



1995%F HEBFAIEX
2007 HARHXE=
2009 HEAM=+EFERBEZWHNEINE R

-9 Z=HE (1926.11.24- =4 )

Gt V)

1946-19504F E hNEF A

Hydrogen content of white dwarf stars

1953- EMfRLEIT K=

[ H11960-19634F Princeton &&#F52kx)

1964-19841F EFM2 LV A =2 25 Kt FE

1984FEES KRR
19864 CCAST HilxF{F

2018 EBUEH R ZE K



%tiﬂ{a&b E’Elljﬁ ?E/-— -10: Sam Bard Treiman (&8 )

(1925.05.27-1999.11.30): Oersted Medal (1985):supervising two dozen+ graduate students; active in CUSPEA
ELSFHRNBREFEREMMARZT - - FE- - [hE9SUH: kK. John Alexander Simpson]

1949 (Bat) 1950 (Mast) 1952 Ph D. with Fermi; working at Princeton University, professor (1958-63); Eugene Higgins Professor of

Physics (1963-77); Dept Chair (1981-87); Chair of University research board (1988-95); supervisor of Steven Weinberq.

*1957 (with J. David Jackson and Henry Wyld) - definitive theory of allowed beta decays, taking into account time and parity
violations

+1958 (with Marvin Goldberger) dispersion relations analysis of pion and nucleon beta decay, culminating in the Goldberger-
Treiman relationship for the charged pion decay amplitude. This work eventually led to the hypothesis of the partially conserved
axial vector current, known as PCAC and to a deeper understanding of spontaneously broken chiral symmetry of the strong
interaction.

*1962 (with C.N. Yang) Treiman-Yang angle test for single pion exchange dominance

*1966 (with Curtis Callan) derivation of the Callan—Treiman relations for K meson decay.

*1971 (with David Gross) scaling in vector gluon exchange theories, coining the term twist for the difference between

the dimension and spin of an operator.

*1972 (with Abraham Pais) deriving the implications of weak neutral currents for inclusive neutrino reactions.
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(1926.06.22-2017.01.27)
“‘Godfather of energy efficiency”

2005 & Enrico Fermi Award

2011 &£ Global Energy Prize

2011 &£ National Medal of Technology
2016 &£ Tang Prize

—-711: Arthur Hinton Rosenfeld

1947(?)-1954 & ZINEKEFE L FA

In 1954, after earning his Doctor of Philosophy in physics,
and with a recommendation from Fermi, Rosenfeld
accepted a position as a teaching physicist at

the University of California, Berkeley.

In 1957, he became professor of physics, later professor
emeritus, and was one of the founding members of the
international Particle Data Group. He developed the
reputation of being a workaholic, arriving to work very
early, taking a dinner break with his family, and continuing

to work until 2 a.m.
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ﬁ't i 1 2 : Jerome Isaac Friedman
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BETHBRESR, XK. PERNEFRESZARXS
% B Hri8 [ XS BIR 5| 4 @ iE
19565 Z 8K L 2A (|IF 7XK)
1968-1969 HF-fZFEHNKXR[1%TH %]
ZHitE. SEMEEE

(born March 28, 1930)

1990 1 IURMER (B F - 1% S L R)



- -13. Mildred Dresselhaus (%)

19584 ZINEFAF #@+Fu ({BEEFAKI19545F 118 Kit)
E e o MAEZIESTARFBORE LA, ERERZK (Enrico Fermi)
| MTIES T REZ TR INESE, BEERFIIANTK
AT GYEFR —FEE" . AZNEHE, BwaMi—
EEHLEE, HARSHRRMARTEAMFNE. FAKH
hi (Laura) 81 B #S AR NAR—XEARF
X, REERFEHHE, "EEPNTRENFEMAFILENE

the “Queen of Carbon Science FERYES. BRMINRTK—E, BB, F4
7E MIT 5045 574 | R RhE3E National

Medal of science, Enrico Fermi Award &£,

i
Ny
N

(November 11, 1930 — February 20, 2017)

WERASRE T AREEREN BT T HANDR .



Mildred Dresselhaus. Jerome Isaac Friedman 932 &KL
H3F U E. 1FU ENEEZ GBI X . AFATTEH
T ER(LERER. FERER. NEFEIE), #Ei. Edward

Teller X T ERE T AM T AV T, EBRxHNEERI .
[ARFEIBFHFLRE. FRENESKEEL. MCIZANERRWE, ]




/\’fﬂj,“\ E"=" /A Jack Steinberger, Chen Ning Yang

(1921.05.25-2020.12.12) (1922.10.01-)
1988 Nobel Prize of Physics 1957 Nobel Prize of Physics
Academic advisors: Doctoral advisor: Edward Teller

Edward Teller and Enrico Fermi Academic advisor: Enrico Fermi
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= John Hinton (&)

Joan Hinton's great-grandfather was the mathematician George Boole,

and her grandfather was the mathematician Charles Howard Hinton.
Joan Hinton was shocked when the US government, three weeks later,
dropped nuclear bombs on Hiroshima and Nagasaki.

She left the Manhattan Project and lobbied the government in Washington

_ 3 _ to internationalize nuclear power.

Joa Hinton with r brother Bill She studied physics at Bennington College and graduated in 1942 with

at her farm in Beijing a bachelor's degree in natural science. In 1944, Hinton earned a doctorate
in physics from University of Wisconsin.

Hinton was in Los Alamos for the Manhattan Project.

Under the supervision of Enrico Fermi, she calibrated neutron detectors

to be used in the Alamogordo test.

1966%FE, A 7REEFXNTEBRWHTTE, TEMBXI) S TR EBRFE




The Four Fermi Student Reunions: October 13, 1991; December 3, 1992; September 29, 2001; December 1, 2001.

Pi';oto taken by Roger Hildebrand at the end of the second Fermi reunion. (left to right): Back row: A. Wattenberg, M. Glicksman, G. Farwell,
R.Schluter, V.Telegdi, J. Friedman, O. Chamberlain. Front row: A. Rosenfeld, U. Haberscheim, J. Hinton, G. Yodh, J. Orear.

Z%& (Joan Hinton, 1921FF10H20H—2010F6H8H, &FHBELEFENHFIERAN)



I. October 13, 1991
Cornell hosted a dinner for all of Fermi’s former students who were attending the

symposium (of which there were at least a dozen) and their spouses. This first reunion Th e FO ur Fe rm i St u d e nt Re un iO ns

was held in the boardroom of the Statler Inn on October 13, 1991, the night before the
Fermi Symposium. We shared the experiences we had with Fermi as well as the excellent

food and service of the Cornell Hotel School. II. Dece mb er 3. 1992
. y

Art Rosenfeld suggested that we have another student reunion a year later where we
could relate what each of us had done since leaving the University of Chicago. A very
convenient date that would fit into most of the Fermi students” schedules was the fiftieth
anniversary of the first nuclear chain reaction that was celebrated at the University of
Chicago on December 2, 1992. Since I had the names and mailing lists, I suggested to
Roger Hildebrand that a Fermi student reunion be held the morning after the December
2 symposium. Roger made arrangements at his end that included meeting in a spacious
Physics Department lounge. We decided to invite Chicago physics faculty and grad
students to sit in. The meeting ended with a group photo and a free lunch. Dick Garwin

I11. September 29, 2001 and ]oac‘k Steinbgrger had to leave ea?rly so they miss.ed out on the photo and lunch. The
remaining Fermi students and associates are shown in Figure 4.
The 2001 Chicago reunion was an open meeting organized by Jim Cronin that was

scheduled on the exact day of Fermi’s one-hundredth birthday. Unfortunately I could not
R ——— 0 talks
at the Rome Fermi Congress during the four days that straddled Fermi’s birthday. The
Fermi associates who were able to attend the third reunion were George Farwell, Jerry

riedman, Dick Garwin, Murray Gell-Mann, Maurice Glicksman, Murph Goldberger,
Roger Hildebrand, Joan Hinton, Darragh Nagle, Bob Schluter, Jack Steinberger, Al

Wattenberg, Lincoln Wolfenstein, Courtenay Wright, and Gaurang Yodh. Jim Cronin is
compiling these talks into a book titled Fermi Rememhered

IV. December 1, 2001

The fourth reunion took place as part of a West Coast two-day Fermi Symposium held
at UCLA on November 30-December 1, 2001, also during the year of Fermi’s hundredth
birthday. It was titled “The Life and Times of Enrico Fermi” and included a Fermi’s student
roundtable consisting of Harold Agnew, Richard Garwin, Marvin Goldberger, Nina Byers,
Steven Moszkowski, Arthur Rosenfeld, William Slater, Gaurang Yodh, and me.
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1812 (Maria Goeppert Mayer)

IERMZMERF IR, MRERTIFEEIRFES
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Latthes

EERIEICHHE. XBIRYSE

EOSHRBZMRIBREFZARESE, AMEiEie DEARGEFHIER

REE19495F), EXBEMEETERKRBAFEE. XH5H
TERBID AERITICHIRIE, ZRE
E—MMOZAE, EHIZeEESE T —P5NE- BieisSRIER,

T4

hZ REEREIRE, 1BE

37 BPAFE FEN I REREEAYARIE, MiBE

15—

MR, mE—BEREhERMmIRIRMRE, SaAE(ASHERERIEERR),
MEARVWINRF—PECRISMIFMEE. BIERBRRETEESHT, #:
FRIBRAIBBAFENRIANE, RBLLIREREERFEIE... ...[In an account relayed
by Joe Mayer, Maria Goppert Mayer attained a critical insight while speaking

with Enrico Fermi.]

Taken from RERMNEEXE: ZBFEIE(7):. ZEWRERESE BEFERK
https://blog.sciencenet.cn/blog-3404169-1344559.html



https://blog.sciencenet.cn/blog-3404169-1344559.html

Twelve “trainees” of Fermi who received (or should have received) the Nobel Prize in physics: o

1. T. D. Lee

2. Frank Yang

3. Owen Chamberlain

4. Emilio Segré

5. Jack Steinberger

6. Jerry Friedman

7. Dick Garwin

8. Jim Cronin

9. Maria Mayer Taken from

4 N
10. Hans Bethe Book Enrico Fermi:

The Master Scientist
11. Murray Gell-Mann
Chapter 18 | Pilgrimages to Rome by Hans Bethe

12. S. Chandrasekhar \o /




earned his Ph.D.) (7) Dick Garwin was also a student of Fermi and if the Nobel Prize
had been awarded for the experimental discovery of parity violation in pion-muon and
muon-electron decay (as it should have been), it would have been shared by him. (8)
Jim Cronin was formally a grad student of Sam Allison (who was very busy as director
of the institute). However, his office was next door to Fermi’s office, and Jim frequently
visited with his close neighbors and also attended Fermi’s courses and Fermi student
group meetings. It was agreed that Fermi would help out with Allison’s students. Cronin
received the Nobel Prize for the discovery of CP violation. (9) Maria Mayer was not a

product of the two of them. One of Fermi’s “trainees” from the Italian days was (10) Hans
Bethe as a postdoc. Hans made many discoveries including the thermonuclear energy
source of stars. This is a total of 10 followers of Fermi receiving Nobel Prizes in a short
period of time. I don’t know of any other physicist who has left such a strong mark on his
followers. A possible eleventh is Murray Gell-Mann, who joined Fermi on the Chicago
faculty as a young instructor. Millie Dresselhaus has told me that while at a party in his
house, Fermi had patted Murray on the back and predicted that he would become a Nobel
Prize winner. A more recent Nobel Prize winner who also had spent a year or two working
with Fermi is (12) S. Chandrasekhar. Depending on how we count, Fermi training led to
10, 11, or 12 Nobel Prizes. I estimate the probability that an existing Nobel Prize winner
in physics “give birth” to another winner is less than 1/10. So if this is purely random,
the probability of one winner giving birth to 10 other winners would be one-tenth to
the 10th power or one in 10 billion, which is essentially impossible. The explanation is

known talent and pleasant personality attracted the best students. According to the talk

Gattheas
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The Copenhagen School is a term given to "schools" of theory originating in Copenhagen, Denmark. In at least
four different scientific disciplines a theoretical approach originating in Copenhagen has been so influential that

they have been dubbed "the Copenhagen School”

*Copenhagen School (quantum physics) — centered on the theories developed by Niels Bohr
*Copenhagen School (theology) — centered on a theoretical framework developed by Thomas L. Thompson,
Niels Peter Lemche and others. Also called the School of Minimalist Theology.

*Copenhagen School (international relations), security studies — centered on ideas by Barry Buzan, Ole Weaever
and Jaap de Wilde.

*Copenhagen School (linguistics) — centered on the linguistic theories developed by Louis Hjelmslev, and later
formed into the "Copenhagen school of functional linguistics".

*Copenhagen School (painting)



AKRFIR>>>
ERXEEARNTXERBERL, BXTHTIRFIREEE (The Géttingen school of history)

The University of Gottingen was the original centre of history as an academic discipline, and became a major

centre for globally-orientated anthropology. The school itself was one of the newest universities in Europe, having
been founded in 1734 by Gerlach Adolph von Munchhausen, and the first to include the obligation to conduct and
publish research alongside lecturing. The historians of this school sought to write a universal history by combining

the critical methods of Jean Mabillon with that of the philosophical historians such as Voltaire and Edward Gibbon.
PR BTRFIRMIS FTREZZFREH. B2, F7REF. VR BEE. BaFRE2. T8%).
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FKR>>>
TARBRFIK RWCHE

Striking Gold 1n Science:
Fermi’s Group and the Recapture of
Italy’s Place in Physics

GERALD HOLTON
AAFRMANR: FORZHEINRTNA., hEFE
+ ZIREFRFHENEFE. Bt Tie




Striking Gold in Science:

Sz M QS N — P
FARFIR>>> . / L b [J1 4= [}] 0 Fermi’s Group and the Recapture of
IH_ A \ Bl )LT% A 1_ A = Italy’s Place in Physics

GERALD HOLTON

X &Gerald Holton —EB X T AKFIR—F40 AKX, XEFEXEFNH2 T

HEXETRIRBRENBEENE. BAEEEMFENE (the least Dionysian, the most Appollonian)
LS et Z AR P FRANBRXRI—5), EIRLEEFHE—FISMNEXEEEZNKRE]L

effect of placing a piece of lead before the incident neutrons. And instead of
my usual custom, I took great pains to have the piece of lead precisely
machined. 1 was clearly dissatisfied with something: I tried every ‘ excuse *’
to postpone putting the piece of lead in its place. When finally, with some
reluctance, I was going to put it in its place, I said to myself: ** No, I do not
want this piece of lead here; what I want is a piece of para fin.”” It was just
like that: with no_advanced warning, 1o conscious, prior, reasomng 1
immediately took some odd piece of paraffin . . . and placed it where the
piece of lead was to have been.* (page 1)
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THE turning points of modern history have sometimes the character of
mythological events. Such an event took place in Rome one morning
in October 1934, in an upstairs room at Via Panisperna 89A, an old physics
laboratory of the University of Rome. There Enrico Fermi and his young
collaborators, fo their surprise, came upon a key observation from which
one may well date the effective beginning of the nuclear age. It was the

P 52 5 97 5 B R R AL O B 1
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BKER>>> (AR FAKPIR?
Fermi’s Mastery as Physicist and Teacher

as working chiefly in experimental physics; in fact, until 1934 he seems to
have thought of himself only occasionally as an experimentalist. He was
indeed a master of theoretical physics, including its mathematical aspects.
A key to understanding Fermi’s mastery, however, lies neither in his
experimental skills, nor in his theoretical insight, nor in his encyclopaedic
knowledge, nor in his striving for fundamental simplicity and parsimony,
but rather in the subtle balance of all these. While it is commonly agreed
that physicists more or less of the class of Bohr, Rutherford and Einstein
in the early and mid-twentieth century may ecach have had an advantage
with respect either to large new theoretical ideas or to purely experimental
intuition, nobody combined these capabilities—which are often so

separate—as eliectively as Fermn did. 1ne commonly accepted ideal for

the style of doing physics is today much closer to Fermi’s than was the
case even in the 1930s. (page 4)




BKFR>>> o FARFKRFR? W%

Very similar stories of the disdain of theorists for the work of experi-
mentalists are ailso common. Noihing © S sort, however, could be
charged against the Fermi group.

Another important aspect of Fermi’s position was that by preference and
necessity he was self-taught. His first contact with physics came when he
bought a second-hand book on the clements of physics as a 14-year-old

Again, virtually all his colleagues and former students agree that
Fermi was unmatched as a teacher, and that his teaching reflected the
‘characteristics which have been discussed above. For example, his intro-
ductory course was enormously wide-ranging in the subject-matter
covered.'® More important, however, is the fact that much of his teach-

ing_was_carried _out_by_thinking aloud before the class—in_a_rational,
organised way—about the subjects on which he was then engaged in first-

hand study himsell. 1he Joy WhiCh teaching gave Fermi makes It lkely
that it was one of his most intense human relationships, as well as being
yet another Opportunity for sell-education. 1his Iact, together with the

(page 4)
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FRENBIIMEIFRNT S

Madame [Joliot-] Curie had little respect for theory. Once when one of
her students suggested an experiment, adding that the theoretical physicists
next door thought it hopeful, she replied,  Well, we might try it all the
same . Their disregard of theory may have cost them the discovery of the

neutron.?

NER-FEEXAVRIEZRAABEANEIEEMER T RIPFHERE, T2
DR RS R R E S &%*EEE%K%&EEKO BAREBEFMT R, Frld
ERF LR, ErREEF R EEEERIENEAY, mBZEIR
AR RETEAN. ER4EmMARRTN, XtBEMmSMmA
XERZHNGFr. XWEGMTOERBEZ— PO £
INB ., ERAMAL, AXREHRENLL.
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On Fermi's Scientific Style

Possibly even more important than the scientific excellence and peda-
gogic capabilities of the central figure in the Rome group was the parti-
cular methodology—conservative and pragmatic at the same time—for the
choice of problems and the conduct of research. Here we encounter a
distinctive style which was crucial to the success of the Italian group as a
whole. In a sense, it represents a fusion of Fermi’s personal character-
istics and his scientific experience on the one hand, and the needs and
opportunities for physics research on the other, within the setting given
by existing scientific institutions and the state of science in the world at the
time. (page 5) ‘



BAF|E>>> o FARFKRFR? WIS

A good deal of Fermi’s enterprise—and that of his later colleague in

Rome._ Rasetti—is almadéf visihle _here+  his nhth’ry fLm:ga_m_sﬁ 1O

distinguish between essentials and incidentals, to make very reasonable,'®
simple assumptions and short cuts contrary to current “rules ”, to make a
commonsense, qualitative approximation before any detailed quantitative
solution, to improvise—and to succeed. Neither aesthetic nor other philo-
sophical or quasi-metaphysical principles—except that of simplicity—

could preoccupy or delay Fermi.'’
(page 6)




BARFR>>> o HLARFAKZR? DI

Another style which Fermi’s group eschewed was that associated with
Niels Bohr, who in many ways was completely different from Fermi, and
who in turn tended to regard Fermi’s solution as too simple to be profoundly
important. As one observer has said: “ Bohr is such a bad authority on
these [Fermi] papers because Bohr really had it in his mind that there was
some profound problem with neutrinos and energy and so on, and didn’t
want to have it solved except in a mystical and deep way. It was solved

by Fermi in too elementary ® a way.” ™ Bohr’s favourite procedure was
to drive contradictions patiently to their ultimate extreme, and to ponder

the ensuing conce tual conflict as a necessary preparation for 1ts ultimate

resoiution. rom the beginning, rerma quite consciously and explicCitly
rejected as somewhat mystical and too philosophical the approach of
Fermi would say, though smiling and not with doctrinaire belief, “ We

proceed according to the rules of Bacon. . . . The facts. We will make our
experiments and then the experiments will tell what it is.”** (page 7)
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From his adolescence onward, Fermi had a quite definite, positivistic view
of the world, although it is doubtful that he would have accepted this or any
other conventional label for his philosophy. He had not been raised in a
religious environment, and so did not have to pass through a religious crisis,
as many Italians do when they reach the age of autonomous thinking. As-a
matter of fact, philosophical discussions did not interest him very much, and
even the development of scientific philosophy that occurred during the years
of his maturity, through the activity of the Vienna circle and other groups,
seems to have left him rather indifferent. This was perhaps because many
of the fundamental ideas of logical positivism were already deeply rooted in

his_mind as_self-evident truths, and because philosophical subtleties and
polemics did not appeal to his taste.?? (page 7)




BKFR>>> o FARFKRFR? W%

Possibly the most important part, however, of this pragmatic style was
Fermi’s ability to choose the right moment, the exact time when the

state of knowledge and experimental capabilitics matched the opportunity

as it opened up.?* Fermi’s ability to perceive, before anyone around him
could tell him, that relativity and quantum theory were the correct areas
for future work in physics, marked the very beginning of his career. His
ability to perceive the opening of a major opportunity in a new field, to
detect and shift to the advancing frontier—rather than to wrestle with
some ““crisis ” in existing conceptual structures—characterised his career
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Choice of Problem and Method of Research

A cool assessment of the situation showed him
by the end of the 1920s that the vigorous development of quantum mech-
anics “ signaled the completion of atomic physics ™. (page 8)

In a field advancing as rapidly as physics, it is now not at all unusual
for a group of collaborating scientists to note that they may be overtaken
by events, and to decide to explore a more promising field. But rarely if
ever in the history of modern physics was an enfry into a new field
made in so pragmatic, unsentimental, well-phased and ultimately successful
a way.?® The decision of Fermi and his collaborators to change to nuclear
physics out of all possible new fields was full of risks and would require
great labour from everyone, since there was no experimental or theoretical
background available to them—except in Fermi’s own case, for example
by his study of Rutherford’s work on the artificial disintegration of nuclei,
referred to above, and of the influence of the magnetic moment of the
nucleus on the hyperfine structure of spectra, published in 1930. (page 9)
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Segre recalled:  (page 8)

But already at Los Alamos [during the Second World War. G. H.] Fermi had
the feeling that his next phase of activity would not be in neutrons but in some-
thing new, and he remm)HeH me that just as [in the early 1930s. G.H.] he dis-
carded all his investments in spectroscopy to go to nuclear work, so now he
would leave the slow neutron in order to proceed to new conquests in the field
of high-energy Eﬁzsms. In a hall-joking mode he quoted Mussolini:  Rinno-
varsi 0 perire—to renew oneself or to perish.” 24

This brings us directly to the circumstances under which the Fermi group
in Rome, after its formation, turned its attention to the work in nuclear
physics which ultimately gave it its pre-eminence and which led to the

events of 1934,
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There were less than five vears between the time when Fermi’s group
decided to enter the field of nuclear physics as novices and the time
when this decision was carried out and achieved its results. Within this
period, the major creative work took place during a few feverish months
in 1934, and the group began to break up late in 1935.2° During the
period from late in 1929 to late in 1934, the sequence of events proceeded

in_a series of eight steps, all of which were, in_retrospect, evidently
necessary for achieving the goal. (page 9)

Corbino named Fermi as the person to play a dominant role. The talk
was “in fact written certainly with intimate collaboration with Fermi .3t
(page 10)

At any rate, *° One can therefore conclude that while great
progress in experimental physics in its ordinary domain is unlikely,
many possibilities are open in attacking the atomic nucleus. This is the
most attractive field for future physicists.” *° (page 10)
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Third, the group had to remain scientifically alive and visible, and hence
to publish, even during the transition period while shifting from atomic
and molecular physics to nuclear physics.

During the same period, Fermi began his self-education in constructing
instruments for research in nuclear physics.

make use of the ‘““do it yourself >’ methods that were characteristic of him,
both in theoretical and in experimental work. In order to minimize shop
work and build a cloud chamber with his own hands, aided only by the most
elementary tools, he first inspected several hardware stores and bought
assorted kitchenware and gas plumbing.*® (page 11)

But by the spring of 1931, Fermi had to give up the project, and go
back to theoretical work. It must have been a sobering experience, and
may have contributed to the decision that members of the group would
have to go abroad to learn techniques at established centres of research
in nuclear physics. - (page 12)
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The next step may have seemed a rather brazen one. Before any
significant work had yet been done by the Rome group in the field of
nuclear physics, an International Congress on Nuclear Physics, organised
by Fermi and sponsored by the Reale Accademia d’Italia, was held in
Rome in October 1931. It was the first full-scale international conference

(page 12-13)

By the autumn of 1932, Fermi and Rasetti were ready to pursue
in earnest “a joint program of research in nuclear physics in Rome ”.4°
The research budget of the department had been raised to between $2,000
and $3,000 per year: ‘““a fabulous wealth when one considers that the
average for physics departments in Italian universities was about one tenth
of that amount ”.°® A large and excellent cloud chamber was designed,
and constructed by a private firm of mechanics, as was a gamma-ray crystal
spectrometer. The group tried its hand at making Geiger-Miiller counters,
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In other laboratories, the situation was not a great deal better,

As the experimental facilities at Rome were being built up, the expecta-
tions for the right phenomenon coming along heightened. It was as
if the group were- poised for the moment (page 13)

The annus mirabilis in nuclear experimental physics was 1932

Chadwick’s great discovery which had been missed by the Joliot-Curies,
had been recognised by E. Majorana in Rome in the Joliot-Curie experi-

ments; despite urging, he himself had not published nor taken seriously
enough these ideas.
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In the same year, the czclotmrn of E. O. Lawrence

began to operate, ushering in the era of
nuclear reactions by means of particle beams under the experimenter’s control.

These successes at established centres might have discouraged other

nuclear “ beginners ”’, and the continuation of the confused state of the
theory of the nucleus during the early 1930s might have reinforced a feeling
of discouragement in an ordinary group.®®* But Fermi at that very point
demonstrated his mastery of theory with the completion in 1933 of his paper
on the theory of beta decay. V. Weisskopf later called it ““ a fantastic paper,
which I think stands out as a monument to Fermi’s intuition . . . Beta decay,
with Fermi’s idea, stands apart from the rest of nuclear physics because it
is the creation of particles.” 7 (page 14)

The approach and results of Fermi’s beta-decay theory were sufficiently
novel for the manuscript to be rejected by the editor of the journal Nature
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The idea for exploiting the new effect in a new way was, as one might
expect, Fermi’s. The Joliot-Curies had produced their artificial radio-
activity by using alpha particles as projectiles. Fermi however said “ that

obviouslx should be done with. neutrons. Neutrons should be much

better.” ** The means were already on their bench. (page 15)

It is essential to remember that Fermi’s suggestion would elsewhere
have been dismissed as unlikely at best and absurd at worst. Professor O. R.
Frisch has said:
%WM&M@MM

ermi’s was really a suly experiment because neutrons were much fewer
fﬁu Ipha particles. what téat simple argument Overlooked Of course was

that they are very much more effective. Neutrons are not slowed down by
electrons, and they are not repelled by the Coulomb field of nuclei. ¢
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small group. Fermi’s laboratory, on the other hand, now organised itself
to focus all forces on one project and to concentrate all its expertise in
one major effort, once that was identified as the area which would bring
the maximum result for the laboratory as a whole.®” The change here was
from a wide-ranging group of subgroups to a group acting as a “team ”.
It was an institutional innovation.

Fermi himself was intellectually at the centre of the group. (Page 16)

Early in 1934, the first fruit of the Italian attack on nuclei with neutrons
was the discovery of artificial radioactivity in fluorine and aluminium.
This was published in March 1934 under Fermi’s name.™ In rapid succes-
sion, 40 of the 60 clements the group irradiated revealed the existence of

at least one new radioactive 1sotoge A new one was found every few daxsi
the members of the group looked back later to \ rio

and satisfying part of their lives.
Publication atter pu Blication followed rapidly. Almost casually, two

Institutional “‘ inventions ” were made at that point. One was multiple
authorship: after the first two papers by Fermi alone, he drew in the

rest of the group, and as ma.n¥ as_six_authors appeared under the title 17
of the publications—an unusually high number at the time. (page 17)
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Another ““ invention ” was the preparation and mailing out—to a list of
about 40 prominent physicists around the world—of what now are called
“ preprints ”’ of articles in_press_at Ricerca Scientifica.”™ In this way—
improving even on the journal’s remarkably fast publication process
of about two weeks—Fermi’s group could make its discoveries known in
printed form within _days of the work being finished, and could send the
preprints to active nuclear physicists who might not have access in their
own libraries to the journal itself. Amaldi remarks:  This procedure
was facilitated by the fact that my wife Ginestra was working at that
time at the Ricerca Scientifica.” ™ (page 17)



BKFR>>> o FARFKRFR? W%

The discovery of the existence and effectiveness of slow neutrons followed
in about six months. In a sense, it was only a matter of time before the
Italian group came upon it, but between their discovery of the effective-
ness of neutrons in causing radioactivity in fluorine as the first instance,
and the determination that slowed-down, i.e., moderated, neutrons can
produce vastly increased and quite different activities, everyone seems
to have thought that the more energetic the neutrons, the greater would
be their effectiveness, that slow neutrons would have only a small capture
cross section. All excitation curves known at the time for reactions produced
by protons, deuterons, and alpha particles showed a rapid decrease with
decreasing velocity of the particle inducing the reaction.”® This was a
consequence not so much of orthodoxy as of the deficient state of an in-
complete theory; the effect of photomagnetic capture on the total capture
cross section for neutrons was not yet known. (page 18)
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And yet, partly by his own work a year-and-a-half earlier on the paper
which dealt with the effect of slow electrons, Fermi may well have been
pondering the possibilities for slow neutrons, and at the very least was
sensitive to clues on this point. When the ‘ mythological event ” did take
place in October 1934, it took him very little time to develop the correct
beginnings of a theory for the role slow neutrons play in activation. He
and his group thereby entered into what has been called a heroic pioneering
period of startling results which served, within a period of a few months, to
reinforce and vastly strengthen the position this group had already achieved
in physics. Not only was physics changed thereby. Scientifically, Italy had

indeed regained “ with honour its lost eminence , as Senator Corbino
had hoped. And world history itself had been turned in a new direction,

(page 18-19)
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Fitting into a Tradition

Fermi’s mastery of physics and his style of research may not have been
enough in themselves to produce the transformation of physics in Italy. With
these characteristics alone he still might have had the same fate as Amedeo
Avogadro, the first holder of a chair in theoretical physics in Italy (fisica
sublime), whose coniributions to chemistry are, of course, very well
known, but who neither received adequate recognition in his time nor
formed a school. From the beginning Fermi understood the tradition
within which science was carried on in Italy and took good advantage of
the system which existed for the institutionalisation and professionalisation
of science. ““ Fermi was fully aware of the system and was eager to
reach the top as fast as possible.” 7 So when, on returning from Leiden,
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Fermi “ looked eagerly for a job ”, he undertook to

advance his career through a substantial number of publications. Thus he
wrote (in Italian) as many papers as he could. Although he kept his
standards high, it is clear that he counted them carefully and felt satisfaction
in seeing the pile of his reprints mount ever higher. He wanted to reach the
next step in the academic career, the /ibera docenza, as rapidly as possible,
and he believed that the sheer number of publications was important—

especially if the judges should be too lazy, or unable, to assess the value of
- L4 - ?8
his contributions. (page 19)

An interesting aspect of Fermi’s sensitivity to the tradition and to the
existing opportunities within the tradition was his ability, in an early and
crucial stage of his career, to seek out and respond to mathematicians,
and to obtain support and patronage from that group. Fermi had studied
mathematics, even with passion, but chiefly because he considered it
necessary to the study of physics, “to which I want to dedicate myself
exclusively ”’, as he explained to his first mentor, Adolfo Amidei, in 1918.7°
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given them by the press and public. It is not without significance that the
only Nobel prize in physics awarded to an Italian before Fermi’s in 1938 was
the prize—half share—for 1909 to G. Marconi for radiotelegraphy—and

that, if anything, was something of an embarrassment to many Italians,
since he had not found support in Italy.

in 1918 he found that he already knew most of the subjects which were
being taught, that he had to learn modern physics on his own, and that
there were only two other students in physics—Franco Rasetti and Nello
Carrara.

The state of excellence in mathematics in Italy at the time, as indicated
by such names as Cremona, Peano, Severi, Volterra, Enriques, Ricci-
Curbastro, Levi-Civita, and Castelnuovo, was indeed high. These men had

(page 20)
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Dealing with Academic Politics and National Ambition

Fermi’s ability to use opportunities offered by academic politics and by
current nationalistic ambitions was also of some significance. It is commonly
held that Fermi was deeply apolitical. But this estimate cannot apply to
the politics of university life on which, for better or worse, depended the
creation and maintenance of a new and relatively costly establishment such

as Fermi’s group.

(page 20)

It is not difficult to see that on encountering the evident genius of Fermi
within this framework of his own preoccupation, Corbino, the politician,

entered into a state of symbiotic collaboration with Fermi, the scientist;

this was not less effective for being probably largely unconscious. It was
as a result of Corbino’s efforts that, despite the essentially rigid structure
of the Italian university, a chair in theoretical physics was created at the
University of Rome, and in such a way that it could be filled only by
Fermi. Soon thereafter, again through Corbino’s influence, Fermi became
the only physicist elected to the Royal Academy of Italy, at the age of 28.%"
Similarly, Corbino was the moving force behind the administrative actions
necessary to obtain appointments and funds for every one of the members
of Fermi’s circle, including the creation of yet another chair in physics,
in 1930, for Rasetti *—in spectroscopy, at precisely the time when Rasetti

wae leavino enaectracenany and oning inta hiiclear nhveieag

(page 22)
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as a result of Corbino’s efforts that, despite the essentially rigid structure
of the Italian university, a_chair in theoretical physics was created at the
University of Rome, and in such a way that it could be filled only by
Fermi. Soon thereafter, again through Corbino’s influence, Fermi became
the only physicist elected to the Royal Academy of Italy, at the age of 28.%7
Similarly, Corbino was the moving force behind the administrative actions
necessary to obtain appointments and funds for every one of the members
of Fermi’s circle, including the creation of yet another chair in physics,
in 1930, for Rasetti **—in spectroscopy, at precisely the time when Rasetii
was leaving spectroscopy and going into nuclear physics.

(page 22)
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protected operation. Without this protection it is almost inconceivable that
young Fermi could have weathered the opposition from such hostile forces
as the other professor of physics at Rome, L.o Surdo, and from other
established persons who, for many years, did not look kindly upon Fermi’s
growing activities. For Fermi, Corbino was a godsend not only as a
protector but also as administrator—just as Fermi later had George
Pegram as a sympathetic administrator at Columbia, Arthur H. Compton at
the Metallurgical Laboratory at Chicago, and Samuel Allison at the Uni-
versity of Chicago. The appointment of Lo Surdo as director of the

Physics Laboratory after the death of Corbino in January 1937 signalled

danger to the institutionally fragile group, and may have had an effect in

turning Fermi’s thoughts more strongly to emigration.
(page 22)
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Corbino’s influence on the growth and activities of the Fermi group
is everywhere evident—for example, in the change of direction of the group’s
work as indicated in his speech of 1929, and on such occasions as his
opening speech in 1931 at the Rome Conference of Nuclear Physics or his
talk at the royal session of the Accademia dei Lincei in 1934. Often he
spoke at_the risk of ofiending other inierests; thus Segrd recalls that
Corbino ““ was jumped on terrifically by all the physicists in Italy >—
except for Fermi’s collaborators—after his speech in 1929.

Corbino even busied hmmself with drawing students’ attention to Fermi
at a time when there were almost no students in physics at the University

of Rome. As Amaldi recalls:

He started to make propaganda. . . . For instance, in my case, I was
Corbino’s student in my second year. . . . Then he stopped five minutes before
the end {of his lecture] and said: “ Now some of you should stop your study
of engineering and you should go into physics, because we now have a new
professor of physics here in Rome, . . . I can assure you that this is the
man who can bring physics to a high level in Italy. In this moment, the
young people should go into physics ”.%° (Page 23)
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tion for the Advancement of Science. One experienced observer has gone

so far as to say that “ Fermi would have been almost impossible in Italy

ithout Mussolini ”.*¢ But whatever the character of a regime, if it was
desirous of supporting science, it would have had to invent some way
of dealing with Fermi, given the absence of a clear tradition for his sub-

speciality.

On the other hand, there was a long tradition in Italy of having scientists
drawn into the councils of government, which resulted in a freer and more
natural association of political leaders with Italian scientists and scholars
than was the case in many other Western countries.*® The line leading from
Blaserna to Corbino and then to Fermi was only one example of such cases.

(page 25)
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T he Internationadlity of Fermi's Group

Charles Weiner has coined the useful term “ the travelling seminar ” to
describe the lively interaction of European and American physicists in
the 1920s and 1930s, even before the exodus from German universities as
the result of the rise of Nazism.'®® Scientists, and particularly physicists,
had developed to a remarkable degree a sense of being engaged in an inter-
national undertaking. (page 27)

Fermi seems to have understood the international character of physics
from the beginning. For example, he undertook the study of languages
for this reason. Amidei recalls: 1 advised him [about 1917]—and he
immediately followed my suggestion—to study the German language,
because I foresaw that it would be very useful for reading scientific
publications in German without having to wait until they were translated
into French or Italian ”.'°¢ His own trips to Goéttingen, Leiden, Copen-
hagen, and the United States at early stages of his career helped to express
and reinforce that sense of belonging to an international community of
physicists—a community in which Italy still had to make its way. (page 28)
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and using the internationality of science. One was travelling abroad, if
necessary with a fellowship such as one from the Rockefeller Foundation
or from the Italian government, in order to learn techniques and to obtain
speedy publication abroad——this was part of the reason for the trip of
Segre and Amaldi to Rutherford’s laboratory in the summer of 1934. There

A second institutional mode consisted of the attendance at and the
conduct of international conferences, starting from that in 1927 at Como,
and including the conlerence on nuclear pRysics in Rome in 1931. For the
Jatter the funds had come from Italian industry, and the ubiquitous
Corbino had presided over the negotiations for the grant. Many of those

A third mode was the provision of hospitality in Rome to visitors from
other countries. Segre recalls : ®We had had a tremendous number Of
visitors who had brought in a lot of life. We had had Bethe, Bloch, Peierls,

London, Feenberg [and Placzek and Bhabha. G.H.]. By ‘ visitor’ I mean

someone who spent some time really and participated in the life of the
place [rather than someone who came just for a day, as Raman and many
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It is, however, significant that despite all these visitors, the group in Rome
differed fundamentally from most other major physics centres in so far as
there_was no_place in it for long-term participants from other nations.
Unlike the situation in London, Cambridge, Paris, Copenhagen, Hamburg or
Berlin, Rome was not a physicist’s * league of nations . (page 29)

The fourth feature of the institutional internationality of science is
Eublication abroad and the sending of preprints to a list of colleagues in
many countries. The policy of Fermi’s group as to publication was carefully
balanced to_include publication in foreign, as well as in Italian, languages
and journals. Only when great speed of publication became essential in
1934 during the period of the rapid growth of the list of newly identified
radioactive isotopes, was publication undertaken in Ricerca Scientifica,

where there was no “ refereeing > to deiay publication and where preprints
were made available very promptly for distribution abroad. (page 29)
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Apart from these four modes there was pressure owing to the incentive
to realise Corbino’s—and others™—hope of placing physics in Italy in a
prominent position on the world map of science. It may have been partly
for this reason that, apart from collaborating with short-term visitors from

abroad, the Fermi group chose to remain a purely Italian group. ,

once the Italian group had chosen to enter into international competition
for recognition as a major centre for nuclear physics—itself a decision
prompted not by a ““crisis ” but by the feeling that the earlier fields of
g W o T o T T P e R T e
chief sense of crisis was the threat of missing the main chance, or of being
beaten to it. As it turned out, this unspoken pressure, which the Italians

had put on themselves, paid off magnificently, not only for science in

Italy, but, by the very nature of science, for science everywhere.
(page 29-30)
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Social Organisation of the Group’s Activity

Isolation and Protection: The group’s relative isolation and protection from

outside effects was striking and owed much to Corbino as an administrator
and politician. (page 30)
There was another benefit the group derived from its isolation and its
protected position. This was a period of great achievements and ebullience
in physics; but at the same time the social, economic, and political conditions
of Europe were in disorder. Not the least problem which anyone interested
in or working on physics faced, in Italy as elsewhere, was that there were
hardly any career expectations in the field, other than perhaps in secondary
school teaching and. to a very limited degree in the universities. Most of
Fermi’s associates had switched from engineering studies, which traditionally

led to much more secure employment in Italy. (page 31)
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Under Fermi, they settled for relatively poorly remunerated posts as
assistants, and they continued to do that for a considerable time. Amaldi
remarked later that they simply did not worry about this as a problem.'*!
It probably helped that almost all in the group, excluding Fermi himself,

came from professional families which were financially relatively comfort-
able. They lived modestly—and, in Amaldi’s case, by supplementing his

income through the income earned by his wife. Amaldi added:

We were not interested at all in that period to make a quick career. I was
not at all interested and this is more or less the general idea. We felt it was
so nice what we were doing, so agreeable, so wonderful, that there was no
reason to go away to get a better position. I remember this because on this
we had very long discussions. One of us said, “ Well, after all, what is the
reason to get a better position, to go in a place where you don’t work! Here
it is so nice, this is the thing that we should do, this is where you live
and work. . .. > We were so convinced that we were doing nice things.!?

(page 31)



FKR>>>
5 EE) At R HR AR

XMALMENTRENEREE. BNX, BEARSINTHXBNERIFTE, XERIREE
I . BURILIERIPERAK . RIPTRAENRR, EREFNRARTDIZEBUG}SF, &K
REEBRE, XHNKRRBAES, XMRIFES —ITEZREXETINNAESNSAMIA,
BRI SEFRAERYIEFNHIRR, FIVERSEIRFIRDBERFZAS, FRPR
AN ARERERETIETY, XIEPEBEEHR FIZEEZ.

TR BR 7 BARZINEBRB TAENIRE, FAELRAGTEMR T —&, WxETAKM. M5
Ry BOLNERYEZRTEAANER, BIULDARE . RA0, BipxsBdE
RS, HIEERNZXTiEE, BAY, E— 1T ASROMTH—NMFRUNERRE?
XEZHEW, MINIZMANER. XEBANZFNHTT . BAVESBEERMNEBRENSS.




BARFIR>>> o« (+ABFHXFR? NI

Small and Flexible Group: More needs to be said now about the formation
of Fermi’s group, for it did not follow the lines of a well accepted model.
In 1932, Frisch remarks, “ In Europe there were few laboratories in which
nuclear physics research was conducted, and I think the word ° team ’ had
not yet been introduced into scientific jargon. Science was still pursued by

individual scientists who worked with only one or two students and
assistants ”.*** By 1932, however, Fermi had already built up a group

which, while small (by present standards), was agile, widely trained so as
to be ready to pounce on the important problem, and willing to wait for it.

(page 31-32)




BKFR>>> o FARFKRFR? W%

at Chicago, although not without grumbling. A small group of high quality
seemed to fit his personality better. It was not his sty;l'e either to build an
institute in the manner which has since become fashionable, with a wide
Tange ol major lacilities which others would come to use for their own

research problems, or to build a teaching centre which would attract and
train large numbers of students from near and far. He liked to invest his

energy in a group which provided personal contact on physics problems

which were of direct, current relevance to his research interest. The efficiencv
(page 32)
depended. But it is also just this kind of ““ lucky break > which, if made
in a large and busy laboratory, might well not have come to the attention
of the person whose contribution is essential to change the observation from
a bothersome irregularity—which indeed could have been easily removed,
for example, by carrying on all observations on one table only—to a

transforming discovery.
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Cohesion by Recruitment: From the beginning, Fermi’s group was
different from any other known to me in the history of physics. It was
characterised by a cohesion which stemmed from an extraordinary history

of recruitment and aEErenticeshjE. Fermi, of course, had offered himself for,

or at least consented to, * recruitment > by Corbino, and after arriving in
Rome in 1926, Fermi, with Corbino’s support, proceeded to recruit a

group of half a dozen crucial collaborators. Rasetti, a schoolmate and friend
of long standing, an ex-engineering student at Pisa, was brought in as
Corbino’s assistant (aiuto). Rasetti has described his earlier intellectual

recruitment by Fermi (page 34)
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Family-Enterprise Model: Fermi himself had come from a closely-knit
family, and was very attached to his brother and his sister. His own fate
was determined decisively by the decision of a colleague of his father,

Adolfo Amidei, intellectually to “adopt ” Fermi at the age of 13. He had

here a model not too different from that of the way Segré and Amaldi
were adopted by Fermi.'?®

(page 35)

We may think of Fermi as the centre of a set of planetoids, representing

the students and collaborators whom he had recruited, Fermi himself

having a position like that of Jupiter surrounded by its moons. The Rome
group preferred a different model—the light-hearted analogy with the
ecclesiastical hierarchy, in which Fermi’s central position was indicated by
his nickname il Papa ”, because of his infallibility in quantum physics.
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(page 36)
This whole system, however, itself rotated about the centre of that

universe—Corbino, acting as the sun. If Corbino was not the father—the

Rome group did refer to him as ‘“ Padre Eterno ” or * Padreterno ” **’—he
was at least the godfather. He was always at hand, dropping in to talk,
‘participating in seminars and important decisions. In fact he was living
with his family in the same building, one floor above the Physics Institute
of which he was the director. Laura Fermi reports that Fermi and his

colleagues were called, appropriately, *“ Corbino’s boys . The usual auto-
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(page 36)
Frugality and Improvisation: Superb use was made of relatively small funds,
and of improvisation wherever necessary. Not only were the salaries very
low. but so was support for the laboratory’s research, considering its
enormous output and success. The lack of a good shop and of an adequate
machinist was a great handicap. In the early 1930s the Rome group thought

about, but—despite Corbino’s hint in 1929 that frontier work would require
an accelerator—was never able to build a cyclotron.’*® Segré reports:

“You see, it was a different type of physics. It was done on a few tables
with string and sealing wax. It was extremely simple. It cost verv ljttle.”
To be sure, it was not very different elsewhere. Rutherford’s laboratory
had perhaps 10 times as large a budget, but that was still little. |
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Concluding Observations (page 38)

In sum, Fermi’s group helped physics in Italy to  come of age ” in the
1930s, by all the usual criteria; in terms of support—financial and insti-
tutional—recruitment, opportunities for careers, and national and inter-
national recognition. This was achieved by a group unlike any other we
know of in physics before that time: a group which modelled itself to a
large degree on a family; had internal and external aspirations, one of which
was to bring honour to Italy through the work of the Italian scientists;
tried to operate within a tradition—though this does not mean archaic

. —using available institutions but on occasion making institutional innova-
tions; was essentially a small-scale operation; and was politically and
economically a protected operation.
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