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NOTES ON MATHEMATICIANS
3. John von Neumann (1903-1957)

University of Singapore

John von Neumann belonged to the pantheon of
universalists in mathematical thought. He was a rare
example of a breed of great mathematicians who made deep
and far-reaching contributions to diverse areas of mathe-
matics and mathematical physics. This breed includes
Isaac Newton [ 1] in the seventeenth century, Leonhard
Euler [ 2] and Joseph-Louis Lagrange (3] in the eighteenth
century, Carl Friedrich Gauss (4] and Henri Poincaré [5)
in the nineteenth century, and David Hilbert (6] , Hermann
Weyl [7] and Norbert Wiener [8] in:.the present century.
The first three decades of this century witnessed a
remarkable phenomenon in the history of mathematics and
physics: the achievements of epoch-making breakthroughs
that heralded the arrival of modern mathematics and modern
physics, and the emergence of Gottingen [9] as the centre
of mathematical research. This phenomenon owes a debt to
the fortuifous simultaneous appearance of a myriad of
brilliant young stars in the galaxy of mathematicians.

And one of the most brilliant of these young stars was
John von Neumann.,

European prelude. He was born on 28 December 1903 in

Budapest, ungary, as the eldest of three sons in a well-
to~do Jewish family. His father, a banker, received from
Emperor Franz Josef in 1913 a minor hereditary title of
nobility -— Margittai (which means "of Margitta" and which
was.Germanized by young von Neumann to "von"). As the
Hungarians put the family name first, von Neumann's full
Hungarian name was Margittai Neumann Janos (meaning John
Neumann of Margitta).
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As a boy, his intellectual abilities revealed a
phenomenal speed in learning and thinking. Wwhen he was 6
years old, he could divide two eight~digit numbers mentally.
He had mastered the calculus by 8, and had read Bmlle
Borel's (10) Theorie des Fonetions by 12. On the linguistic
side, he was proficient enough at the age of 6 to often
joke with his father in classical Greek.

‘ike Poincaré and(to a lesser degree FEuler (see [46]),
' von_Neumann'possessed a fantastic power of absolute recall.
He could qdote back verbatim a book or aticle read once,

even years later. His powerful memory together with his
early love of history gave him a deep and encyclopedic
'knowlvdge of , among other subjects which he studied for
diversidn, Byzantine history, and the details of the trial
of Joan of Arc and and of the battles of the American Civil
War.

In 1319, Bela Yun [11] staged a communist uprising
and ruled Hungary for 130 days. A month after he seized
éower, the von Neumanns left Hungary for Venice. They
returned home almost two months after Bela Kun was driven
out. This event affected young von Neumann deeply and
instilled 1n hlm a fear and dislike of Russia.

From 1911 to 1921 he attended the Lutheran gymnasium
[12] in Budapest which was one of the best schools in
Hungary. His school report cards showed that he obtained
A grades in all subjects except in geometrical drawing
(for which he got B), writing (B), music (B), physical
education (C) and behaviour (sometimes A, but more often B).
While in schooi he came under the guidance of .a dedicated
teachcr, Laszlo Ratz. The first research paper published
by von Neumann when he was barely 19 was a joint paper
written with the well-known young mathematician, Michael
Fekete [13] .

- When von Neumann was 17, his father asked Theodore
von Karman [14] to dissuade him from taking up mathematics
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as a vocation, for the obvious-reason that.mathematics did

not offer a lucrative career. The. compromlse solutlon

- suggested by von Xarman: was chemistry. So in 1921, von,

Neumann ‘enrolled-in .the Univergity of Budapest.. . But from

1771921 to 1923, he was .in Berlin studying .chemistry under

Fritz Haber [15] and mathematics :under Erhard Schmidt (16] :
In 1923, he went to the Swiss Federal Instltute of mech-

‘nology. (Pldgen0551sche lechnlsche Hochschule) 1n Zurlch
. .from which he obtalned a degree in chemlcal englneer1ng in

1925, While in Zurlch he was 1n contact w1th the mathe-
maticians Hermann Weyl and George Polya [17] S both of

whom were in, thelr late th1rt1es. Prom 1923 to 1925, von
Neumann publlshed three research papers on set theory. -5

‘On 12 March 1926, he recelved from the Unlver51ty of
‘Budapest his dootorate summa cum Zaude [18] in mathematlcs

with minors in experlmental phy51cs and chemlstry

:From 1926 to 1929, he was a Privatdozent [19] in

mathematlcs at. the Unlver31ty of Berlln, ‘and wa% in Hamburg

in 1928. By the age of 24, hlS wo@& on algebra, set theory

~and: quantum mechan1~ won hlm 1nternatlonal acclaln as a

great mathematlclan, and he was referred to as a "youthful
genius" [u71 ..He often sald that one's mathemat1ca1

‘_powers decllne after the age of 26 though thls is compens-
'ated by ”a certaln prosalc shrewdness developing" from

experlence Eus]

Young von Meumann was 1nterested 1n Hllbert s ideas

on -proof theory and nathematlcal phy51cs, ‘and 50 became a

: frequent v131tor 0 Gottlngen in 192&. He had 1ong_'

discussions w1th Hllbert 1n Hllbert s carden or study

-Yet :the contrast. between the two mathemat1c1ans was strlk—

ingly. sharp Hllbert was 1n hlS s1xt1es, more than forty
years: older than ven. Neumann, the former was slow to
understand" whlle the latter had, accordlng to Lothar
Vordhelm [20] ,"the fastest mind I ever met™ fu8] o
seems that whlle in eottlngen, von Neumann already exhibited

a Da551on for mechanical toys.
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New World. In January, 1930, von Neumann was invited to
Princeton University together with the physicist and

fellow Hungarian, Fugene Wigner [21] . It was at the
suggestion of the physicist, Paul Ehrenfest [22] , that
this invitation was sent by Oswald Veblen [23] , then a
professor at Princeton. In 1931, von Neumann became a
permanent professor, and in 1933, he joined the mathematics
faculty of the Institute for Advanced Study, which was then
located at Princeton's Fine Hall. He held the professorship
at the Institute for the rest of his life. The Institute
was incorporated on 20 May 1930. When its mathematics
faculty was set up, the first six professors were James
Alexander [24] , Albert Einstein [25] , Marston Morse [26],
Veblen, von Neumann and Weyl.

During the early thirties, the oppressive political
atmosphere in Europe (with overtones of racial persecution)
began to be felt by scientists and intellectuals many of
whom, within the next few years, emigrated in droves and
found refuge west of the Atlantic. This exodus of talent
from the 01d World shifted the centre of science and
technology to the New World. From this transfer of
scientific and intellectual leadership Europe has not

-

recovered.

While the clouds of political and social uhcertainty
descended' on Europe, von Neumann prepared to settle to a
new way of life in America, leaving behind him half his
life time of European experience. Although he missed the
informal and congenial atmosphere of the Viennese café,
he adapted to and enjoyed the new social life. Unlike
many European emigrés, he did not feel like a refugee.

As Paul Halmos [27) writes [49] : "He was a cosmopolite in
attitude and a U.S. citizen by choice."” He was known to
most people as Johnny and to some as Jancsi. He frequently
threw parties at his home, often to introduce temporary

members of the Institute to their colleagues. His
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powerful memory enabled him to store up a large collection
of anecdotes, limericks and amusing incidents which wds a
source of entertainment to his guests. ;

In 1230, von Neumann and Marietta Kdvesi were married,
and their daughter Marina was born in 1935. Marina had a

distinguished scholastic record, became a professor of

" economics at the University of Pittsburg and was appointed
by Fresident Nixon to the Council of Economic Advisers.

In 1937, the von Neumanns were divorced, and he married
Klara D4n in 1938. He taught Klara mathematics and she
became a programmer for the Los Alamos Scientific Labor-

atory which became a war-time centre of scientific activity.

In 1937, von Neumann was the American. Mathematical
Society's Gibbs Lecturer and Colloquium Lecturer, and was
awarded the Bocher Prize for his work on almost periodic

- functions on groups.. By the mid thirties, he was deeply

interested in the study of supersonic and turbulent flows

"of fluids. Soon he became a leading expert on shock and

detonation waves. His interest in hydrodynamiés made him
a consultant of the Ballistic Research Laboratory of the
Army Ordnance Department in 1937, and he became actlvely

engaged in Government work on m111tary matters.t

War. When the flames of the Second World War started to

“engulf Europe; von Neumann was one of the scientists and

mathematicians recruited. by the United States:Govepnment

to work on military and defence projects. In 1940, he
bécame a member' of the.Scientific_Advisofy_Commifteé of

the Ballistic Research Laboratory in Maryland — a",
position which he held until his death. 1In 1941, 'hé-served
on the MNational :Defence Research Commlttee, and was a

consultant of the Navy Bureau of Ordance.

In the wake of the unravelling of the tantalizing
secrets of the atomic nucléus came the experimental
discovery in 1930 of the splitting of the uranium atom
by the German chemists Otto Hahn L28] and Fritz Strassman
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(29} , followed in 1934 by the seemingly incredible
hypothesis of the chemist Ida Noddack [30] that a heavy
nucleus, when bombarded with neutrons, may break up into
a number of larger pieces. By the end of 1938, Lise
Meitner [31) and her nephew Otto Frisch [32] made the
momentous discovery that the breaking up of a uranium
_nucleus is accompanied by the release of a tremendous
“amount of energy hitherto undreamt of. The realization
'_that this phenomenon might be reproduced under controlled
conditions immediately raised the spectre of an atomic
bomb capabie of unleasing total déstruction. More
frightening was theAproépecf of such a weapon falling into
the hands of the Nazis bent on a fanatical mission of
mass destruction and subjugation. So, in August, 1942,
about eight months after the Japanese attack on Pearl
Harbour, the United States Government set up a plan to
build an atomic bomb before Nazi Germany could do so.

This programme was code-named the "Manhattan Project".

‘ Work on this prpjeéf was concentrated in three cities:
Oak Ridge in Tennesee, Hanford 134California, and Los
Alamos in New Mexico. A group-of brilliant minds was
drawn into the top-secret work, and von Neumann spent a
large part of 19u43-45 at the Los Alamos Scientific Labor-
atory whose war-time director'was the physicist Robert
Oppenheimer [33] . 1In collaboration with the physcists
Seth Neddermeyer [34] , Edward Teller [35] and James Tuck
{36] , he worked on the theory of implosion as a technique
to produce a rapid réaction in'a smail amount of the
uranium isotope, U235, or of plutonium, thereby releasing
a vasf'amOunt of energy. The implosion problem required
a numerical solutibn for which a punched card laboratory
‘was set up, and'Qon Neumahn'taught the Los Alamos

theoreticians how to solve the resulting equations
'numerically with the aid of the high-épeed computer, ENIAC

(Electronic Numerical Integrator and Comﬁuter)(see P ).



The ENIAC, the first electronic digital computer, was
built during the early forties in Philadelphia for the.
Ballistic Research Laboratory and became operational in
December, 1945. The man in charge of the ENIAC project,
Herman Goldstine [37] met von Neumann in the summer of
1944 and got him interested in the computer project. The
participation of von Neumann in discussions with the team
charged with the building of the ENIAC marked the beginning
of his interest in and contributions (prematurely cut off
by his untimely death) to the theory of automata. He
helped to design the logical structure of the EDVAC.
(Electronic Discrete Variable Computer), the . immediate
successor to the ENIAC.

The potﬁntialities of'high Speed computérs'in solving
complex . problems of mathenatlcs and mathematical physics
had already occurred to von Neumann when he found that the
non-linear partial differential equations of hydrodynamics
could not be sclved‘analyfically and that only smumerical
solutions could be sought for. He himself possessed a brain
that calculated w1th the speed of a computer. On one
occa81on, a 81mple numerical problem was set as a first
prellmlnary test for an electronic computer: what is the
smallest power “of 2 such that its decimal digit fourth
from the rlght is 7? The computer and von Neumann started

1

together, and he flnlshed first.:

: Goldstlne tclls us [47] of an incident.which reveals
the ease with which von Neumanh performs complex calculat-
ions in his head;» Once a mathematician, who was working
on a difficult problem, spent the whole night working out
five special cases cflincfeasing complexity on a desk
calculator and finished at 4.30 in the morning. Later in
the morning, von Neumann visited Goldstine, and the man,
who was tired and haggard from the long hours of sleepless-
ness, was brought in to discuss the problem that was bugzing
him with von Neumann. After some fruitless discussion, von

Neumann decided to work out a few special cases. Unaware
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of the labour that had been put in before, he worked out

in his head four of the previously calculated cases within
about five minutes. He had only spent about a minute on
the fifth and hardest case when Goldstine's astounded
colleague disclosed aloud the answer. Von Neumann thought
for about another minute and confirmed it. Whereupon the
astounded man fled, leaving von Neumann perplexed and
perturbed as to how anyone could have beaten him to it. It
was only after the secret was let out that he regained his
aplomb. ' 4

Post-war. After the war, von Neumann continued to work on
mathematical problems related to nuclear research and
military strategy (& la his theory of games). He thought
mcfe and deeper on the theory of computing and the logical
theory of automata. He developed methods of numerical
analysis in his investigations on numerical meteorology.
In November 1945, he became the director of the Electronic
Computer Project at the Institute for Advanced Study, which
prodﬁced the prototype of the modern computer. With his
love for puns, he called the computer at Los Alamos the
Mathématical Analyser, Numerical Integrator and Computer
(MANIAC in short). His collaborators on the Institute
computer project affectionately named their new machine
JOHNIAC (after von Neumann).

The ending of the Second World War did not reduce the
tensions, which had'developed in the course of the struggle
against Nazi facism, between the rival political systems
of the post-war world. The first Russian atomic test of
August, 19&9,:about four years after the first American test
at the South Sea atoll of Bikini, caused considerable concern
.in Washington. Then in January, 1950, Klaus Fuchs [38] ,
who was Deputy Scientific Director at Britain's Atomic
Energy Research Establishment at Harwell, was arrested for
leaking atomic secrets to the Russians. The shock wave
produced in Washington was powerful enough to launch a

concerted programme to build a "super" bomb ~= a thewmo-
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nuclear bomb which would yield on earth far more energy
than imaginable by duplicating the process of fission
occurring in the sun. The outbreak of the Korean War in
June, 1950 added a new impetus to the drive to build the
Super, as *he thermbnuleér bomb was then called.

Two groups worked independently on the Super: one
group headed by Teller at Los Alamos and the other group
comprising the Polish mathematician Stanislaw Ulam [39]
and his assistant Joseph Everett [40]. The former group
was joined by von Neumann with his expertise in handling
computers. The physicist Rolf Landshoff [41] mentions a
meeting in Teller's office in which quick numerical
calculations were made:_Richard~Feynman {42]) on the desk
calculator, Enrico Fermi [43] with his slide rule, and von
Neumann in his head;{ "The head was usually first, and it
is remarkable how close the three answers always checked."

(so0]

The first thermonuclear device, nicknamed "Mike", was
successfully tested on 1 November 1952 over Eniwetok, one
of the tiny atolls of ‘the Marshall Islands in the Pacifiq.
Nine months later, in August, 1953, the Russians carried
out avhydrogen bomb explosicn which seemed fo indicate that
they already possessed a more advanced type of thermonuclear
bomb. One month later, in September, 1953, a secret
comnittee hLeaded by von Neumannvmet to discuss plans for a
"three—stagé";bomb, nicknamed the "fission-fusion-fission"
or FFF bomb, which would spread destruction over an area so
large as to”éompensate for. the uncertainty of aim of an
intercontinental missile. '

Von Neumann was closely consulted on nuclear policies.
From 1952 to 1954, he served 'as a member of the General
Advisory Committee to the Atomic Eﬁefgy Commission. = In
Mérch, 1955, he was sworn in as a member of the Atomic
Energy Commission. Then in August, 1955, the severe pains

that » " developed in his left shoulder was diagnosed after
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surgery. as bone. -cancer. "The. ensuing months", his wife
Klara:writes [513 ;_"were of alternating hope and despair'.
He performed hlS OfflClal duties during the day and worked
on his scmentlflc papers during the night. In particular,
he worked systematlcally on the manuscript for the Silliman
Lectures [51] which he was invited to deliver at Yale
University during the spring of 1956. In November, 1955,
several ‘lesions were detected on his spine, and by January,
1956, he was confined to a wheelchair. He continued his
official and scientific work, and despite medical treatment
to sustain. him“Tbng'enougH to enable him to fulfil his
last academlc obllgatlon, he was hospitalized in Aprll 1956.
With fa111ng strength he trled to work on the unfinished
manuscrlpt of the Sllllnan Lectures. He dledApn 8 February
1957.

.Mathematlcs and beyond A survey of ‘von Neumann's scientific

work has been given by Goldstine and Wigner [52] . His
early eoptpibutipns»wene made in the axiomatics of set
theory and.ianilbertJSeproof theory. He gave the first
axiomatic.treatment of a Hilbert space and studied operators
in that space. Together with Francis Murray [u44] , he
founded and developed the theory of rings of bounded linear
operators. In connection with this work, he also founded
"continuous' geometry. He contributed tc the theory of Lie
groups, worked on almost periodic functions on groups and

gave an elegant proof of the ergodlc theorem.

-Hls minimax theorem; proved in a paper of 1928, was a
cornerstone in the theory of games. Its applications are
given in the well-known book, Theory of Games and Economic
Behaviour, .jointly written with Oskar Morgenstern [45 ] in
1944, His games of strategy have set a new direction for

mathematical economics.

His work on Hilbert spaces, the theory of operators
and Lie groups found applications in theoretical physics.
His Mathematische Grundlagen der Quantenmechanik (Mathematical

Foundatieris of Quantum Mechanics), written in 1932, became a
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classic in physics. He also contributed to thermodynamics
and statistical mechanics.

'In his later years, he helped to develop the modern
computer and formulated a theory of coding and programming
for machines. He popularized and actively participated in
the use of the computer for solving complex problems in
mathematics and physics. \

Von Neumann was first and foremost a mathematician.
As a youth he was already interested in the applications
of mathematics to physics. As Goldstine writes [471] :
"Unlike many applied mathematicians who want merely to
manipulate some equations given them by a physicist, von
Neumann would go right back to the basic phenomenon to
reconsidér the idealizations made as well as the mathemati-
cal formulation."

His philcosophy of mathematics may be summed up in the
following excerpt from the essay, "The mathematician" [53] .

"Most people, mathematicians and others, will agree
that mathematics is not an empirical science, or at least
that it is practised in a manner which differs in several
decisive respects from the techniques of the empirical
sciences. - One of its main branches, geometry, actually
started as a natural, empirical science. Some of the best
inspirations of modern mathematics (I believe, the best
ones) clearly originated in the natural éciences. The
methods of mathematics pervade and dominate the 'theoretical’
divisions of the natural sciences. In modern empirical
sciences it has become more and more a major criterion of
success whether they have become accessible tc the mathema-
tical method or to the near-mathematical methods of physics.
Indeed, throughout the natural sciehces an unbroken chain
of successive pseudomorphoses, all of them pressing toward
mathematics, and almost identified wiéﬁ"the idea of scienti-
fic progress, has become more and more evident. Biology
beccmes increasingly pervaded by chemistry and physics,
chemistry by experimental and theoretical physics,:and
physics by very mathematical forms of theoretical physics.
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Fhere .is.a. quite peouliar-duplicity in the nature of
mathenatics. One ‘has ¥0.. real:ze thls dup11c1ty,,to accept
1t, and to a581m1late 1t lnLO one's thlnklnb on the sub ject.
mhlS double ¢ace 1s the face of mathematlcs, and I do not
believe that any 81mp11f1ed,_un1tar1an view of the thing is

30331b1e w1thout sacrlflclng the essence g

. Notes and references

B Isaac Hewton (16u2 1727), Engllsh mathemat1c1an,

phy8101st and a;tronomer invented the differential and

integral calcuaus, founded theoretical mechanics, discovered
the law of gravitation. See [u46) .

E2] Leonhard Fuler (1707-1783), Swiss-born mathemat1c1an

who spent a larae part of his 1life in qt Petersburg,

Quss:\.ag a great alcorlst and analyst ece [u6] .

(3] Joseph -Louis Lagrange (1736 1813) French_mathematician;

well-known for his work on number theory and theoretieal

mechanlcs. See [HS] .

(sl Carl Frledrlch Pauss (1777 .1855), German mathematlclan,

astronomer and phy5101st exerted a unlersal 1nf1uence

on mathematlcs and physlcs throurh his contributions to

number theory, algebra, geometry, electromabnetlsm,
See [46] or C.T. Chong, "Notes om mathematicians,

geodesy.
1. Carl Friedrich Gauss", This Medley, Vol.3, MNo.1 (1975),
6-10. : ‘

(5] Henri Poincareé (1854=1912), French mathematician,

astronomer and physicist; contributed to number theory,

ceometry, theoretical mechanics; well-known for his

popularization of science. See [u6] .

(6] David Hilbert (1861-1943), German mathematician and

theoretical physicist; contributed to number theory, set

theory, logic, geoemetry, integral equations and mathematical

physics.  See [u8].
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(7] Hermann Weyl (1885 - 1955), Swiss-born mathematician
and theoretical'physiciét; worked in Zurich, Gottingen,
Princeton;'contribﬁtetho number theory, analysis, geometry,
algebra, logic, relativity, quantum mechanics.

[8] Norbert Wiener (1894 - 1964), American'mathemafician
and scientist; worked in Cambridge, Gottingen, Massachusetts
Institute of Technology; contributed to algebra, analysis,

statistical mechanics, physics, cybernetics.

[9] Gottingen is a small German town which became famous
for its scientific tradition due to the mathematicians
Gauss, Felix Klein (1849 - 1925) and Hilbert. During the

. first quarter of the present century, it was not only the

mecca of German mathematics'but also the centre'of the

scientific world.

[10] Emile Borel (1871 -~ 1956), French mathematician and
politician; worked in the Ecole normale éupérieure'and the
Henri-Poincaré Institute; participated in polities and
becaﬁe‘a minister in 1925; contributed to analysis and
probability. :

{11] Bela Kun (1885 - 1937), Hungarian communist 1eadér;‘
journalist and politician; ofganised an uprising in Buda-
pest on 22 March 1919 and became premiér, but ousted on

31 July 1919; spent some years in Russia where he was

executed during the purges of the thirties.

[12] German term for a school of the highest order that

prepares its students for the university.

[(13] Michael Fekete (1886 ~ 1957), Hungarian-born Israeli
mathematician; worked in Budapest, Jerusalem; contributed

to theory of functions, Fourier series.

f14] Thecdore von Kérmén-(born 1881), Hungarian-born.
American scientist; contributed to hydrodynamics, aero-

dynamics, thermodynamics, engineering.

[151 Fritz Haber (1868 - 1934), German chemist; Nobel

prize~-winner (1818); contributed to electrochemistry,

thermodynamics, synthesis of ammonia.
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[16) Erhard Schmidt (1876 - 1959), German mathemat1c1an
worked in Berlin; contrlbuted to analy31s, topology,

number theory

[17] George Polya (born 1887), Hungarian-born American
mathematician; worked in Gottingen, Zﬁrich Stanford;
contributed to analy51s, probability, number theory,

applied mathematics.

[18] Latin phrase meanlng "with the hlghest honour or

praise®.

[19] 1In the pre—war German academlc system, a doctor of
philosophy is required. to produce another original piece of
work for the so-called "Habilitation'. ' He would then be
awarded the title of Privatdozent and the privilege to
lecture in the'university without pay. He could, hoWever,
collect fees from students attehding his lectures. Upon
recognition of his work and abilities, he would receive

the salaried post of an Extraordinarius (or assistant
profegsor). The final goal would be an Ordinariat (or

fulivprofessorship),

[20] Lothar Nordheim (born 1899), German-born American
physicist; worked 1n Gottlngen as Hilbert's assistant;

now at John Hopklns Laboratory for Pure and Applled Science;
contributed tc the quantum theory of matter and nuclear
physiv

I21]_ fugens Wlaner (born 1902), Huncarlan born Amerlcan
Lhcor\tlcai physicist; Nobel prlze—w1nner (1983), worked

in Berlln, Gottingen, Prlnceton, contrlbuted to quantum

i

mechanics, nuclear physics.:

(22] Paul Phrenfest (1880 - 1933), Austrian physicist,
worked in St. Petersburg (Ru881a), Leyden, contrlbuted

tc statistical and quantum mechanics.

[23] Oswald Veblen (1880 - 1960), American mathematician;
worked in Chlcago, Prlnceton3 contributed to ‘geometry,

topology

[24] James Alexander (born 1888), Amerlcan mathematician;

worked at Cambridge, Princeton; contrlbuted to topology.
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257 Albert Einstein (1879 - 1955), German-born American
physicist; Nobel prize-winner (1922); worked in Berne,
Zurich, Prague, Berlin, Princeton; contributed to Brownian
motion, photo-electricity, special relativity, general

relativity.

[26] Marston Morse (born 1892), American mathematician;
worked in Harvard, Princeton; contributed to analysis,
geometry, topology.

(27] Paul Halmos (born 1916), Hungarian-born American
mathematician; worked in Illinois, Princeton, Syracuse,
Chicago; now in Bloomingten (Indiana); contributed to
measure theory, Hilbert space, algebraic logic.

[28] Otto Hahn (born 1879), German chemist; Nobel prize-
winner (1944); worked in London, Montreal, Berlin,

Gottingen; contributed to radiochemistry.

[(29] Fritz Strassman (born 1902), German chemist;
contributed to radiochemistry.

[30] Ida Noddack (born 1896), neé Ida Tacke, wife of Walter
Noddack (born 1893); German chemist; the Noddacks disccvered
rhenium in 1925; contributed to chemistry of rare earths.

[31] Lise Meitner (born 1878), German-born Swedish
physicist; worked in Berlin, Copenhagen, Stockholm;

contributed to radiochemistry.

(32] Otto Frisch (born 1904), German-born British physicist;

worked in Harwell, Cambridge; contributed to nuclear physics.

{33] Robert Oppenheimer (1904 - 1967), American physicist;
worked in Géttingen, Zurich, Berkeley, Princeton; contri-

buted to nuclear physics.

[34] Seth Neddermeyer (born 1907), American physicist;
worked in California, Seattle; contributed to nuclear
physics.

[35] Edward Teller (born 1908), Hungarian-born American
physicist; worked in Gottingen, Copenhagen, London, Los
Alamos, Chicago; now in Berkeley; contributed to quantum

theory and nuclear physics.
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(57 Cames Tuck (born 1910), English-born American
physicist; worked in Manchester, Oxford; now in Los Alamos;
contributed to magnetohydrodynamics, nuclear physics.

(37] Herman Goldstine (born 1913), American mathematician;
sorked in Zhicago, Michigan, Princeton; now with Inter-
national Business Machines Corporation; contributed to

applied mathematics, computer science.

(381 Klaus Fuchs (born 1911), German physicist; worked in
Birmingham, Los Alamos; now in Dresden; contributed to

nuclear physics.

[39] Stanislaw Ulam (born 1909), Polish-born American
mathematician and physicist; worked in Princeton, Harvard,
Wisconsin, Los Alamos; contributed to set theory, analysis,

logic, topology, mathematical physics.

[40] Joseph Everett (born 1914), American mathematician;
worked in Yale, Michigan, Wisconsin, Los Alamos; contri-

buted to algebra, prqbability.

fu1] Rolf Landshoff (born 1911), German-born American
mathematical physicist; worked in Los Alamos; now at
Lockheed Palo Alto Research Laboratory; contributed to

nuclear physics.

"42] Richard Feynman (born 1918), American theoretical
physicist; Nobel prize-winner (1965); worked in Princeton,
Los Alamos, Cornell; now at California Institute of Tech-

nologys; contributed to quantum thecry, nuclear physics.

[43] Enrico Fermi (1901 - 1954), Italian-born American
physicist; Nobel prize-winner (1938); worked in Florence,
Reme, Columbia, Chicago; contributed to quantum mechanies,

nuclear physics.

[44] Francis Murray (born 1911), American mathematician;
worked in Columbia, Durham; contributed to analysis,
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