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(Reprinted from The Mathematics Teacher for May 1941)

Mathematics in the Defense Program*

By MARsTON MORSE
Chairman of the War Preparedness Committee of the American Mathematical
Society and Mathematical Association of America
Institute for Advanced Study, Princeton, New Jersey

and

Wirriam L. HART
University of Minnesota, Minneapolis, Minnesota

THE American Mathematical Society
and the Mathematical Association of
America number some 5000 members. The
American Mathematical Society is de-
voted primarily to the development of re-
search in mathematics, and the Mathe-
matical Association of America to the
teaching of mathematics. About a year
ago these societies appointed a committee
known as the War Preparedness Commit-
tee, to prepare the two societies to be use-
ful to our nation in time of war. The ways
and means of doing this were not pre-
scribed, but were left to the committee.
Before I give you details about our organi-
zation and aims it will be helpful to make a
few remarks concerning the role of science
in defense in general.

The most effective employment of sci-
ence in a defense program must include the

* Address delivered before the National
Council of Teachers of Mathematics at At-
lantic City on February 21, 1941 by Professor
Morse. The part with special reference to the
secondary field, and certain other sections, com-
prise the essential portions of an address by
Professor Hart on ‘“Mathematics for National
Service”’ before the National Council at Baton
Rouge, La. on January 1, 1941.

use not only of the facts of science, but also
of the methods and men. In time of war
science must be resourceful and inventive
and capable of quick analysis of emergency
problems. The defense against the magnet-
ic mine by the English is a magnificent
example of the immediate application of
theory to practice. Theoretical science can
not be neglected; for it is the reservoir of
general methods any one of which may be
needed. But theoretical science should be
in a form in which it can be quickly ap-
plied. We should further develop the tech-
nique of making applications.

This is particularly true of mathematics.
North America leads the world in pure
mathematics. We are also strong in the
simpler applications appearing in ordinary
engineering or industrial practice; but we
have preferred experiment to theory and
have tended to use the laboratory to ob-
tain results which might have been pre-
dicted. This is in contrast to the situation
in Europe, where tradition as well as ma-
terial necessity have produced engineers
with greater theoretical knowledge and
training. This state of affairs should be
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remedied; for in time of war we cannot
take the time to experiment.

We are beginning to correct this situa-
tion. In this we are aided by a number of
European experts of great talent and abil-
ity. Several of the leading authorities on
aerodynamics of Germany are now refu-
gees in this country. The leading mathe-
matical authority on ballistics of Italy, is
also a refugee and is lecturing in this coun-
try. In addition, there are a few Americans
who are well trained in these fields. But
these authorities are in such demand from
industry for immediate purposes that they
have little time for teaching or general ed-
ucation and research.

I have given you one reason why this
bottleneck has arisen. There is another
reason which goes very deep. It is our na-
tional suspicion of theory, on the part of
the general public. We are perilously low-
brow. This is dangerous in a democracy
where the great motivating forces must
come from the people. One result has been
a lack of cooperation between the theoret-
ically-minded scientist and the practically-
minded scientist. The pure scientists have
intensified their study of science for sci-
ence’s sake, and the applied scientists have
adhered to “‘common sense’’ and the labo-
ratory. It is one of the problems of educa-
tion to show that the more mature and so-
cially-minded way is to respect both theory
and practice, and particularly their com-
bination.

In this connection I wish to refer you to
a pamphlet on Science in War, written by
twenty English scientists during the last
year. This book is in the Penguin series,
costs twenty-five cents, and may be or-
dered from New York at any bookstore. It
is an illuminating account of the success of
science when used in the English defense,
and of the difficulties in getting science
used. Here are discussed the problems of
nutrition, of agriculture, of stock-breeding
and planting, and of the reactions of the
Civil Service and tradition to these prob-
lems. There is the problem of rationing, of
the hoursof labor, of the care of the wound=

ed and prevention of disease, the dispute
between the artists and naturalists over
camouflage, the uses of mechanical science,
the problems of morale and propaganda.
On reading this book one sees clearly
the necessity in a democracy of an ade-
quate understanding of science by the
general public, and as a corollary the fun-
damental need of education in the methods
and aims of science, as well as in the facts.

With the foregoing in mind I shall now
describe the aims and organization of the
War Preparedness Committee.

Our objectives may be listed under five
heads:

1. Research. The solution of mathema-
tical problems essential for military
or naval science, or rearmament.

2. Preparation for Research. The prepa-
ration of professional mathemati-
cians for such research.

3. Education for Service. The strength-
ening of mathematical education in
our schools and colleges to the point
where it affords adequate prepara-
tion in mathematics for military and
naval service or rearmament.

4. Military and Naval Texts. The study
by a large group of mathematicians
of the current routine military texts
and sources wherein mathematics is
involved—to obtain certain knowl-
edge of what should be taught in the
schools and colleges, and in order
that mathematicians may be able to
aid in the revision of these texts if
and when their aid is needed.

5. Roster of Personnel. The collection of
specialized information concerning
mathematicians, similar to that in
the national roster but more detailed
as to mathematical training; and the
making of this information available
to all scientific or military committees
or organizations aiding in the de-
fense.

To carry out these objectives three sub-
committees were appointed with the fol-
lowing titles:
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1. Research
2. Preparation for Research
3. Education for Service

It is the last committee, on Education for
Service, in which you are naturally most
interested, but I shall first tell you about
the other two committees.

Committee on Research. This committee
is headed by Professor Dunham Jackson of
the University of Minnesota. It is ready to
receive mathematical problems important
for the national defense, and will seek to
solve these problems. To aid this commit-
tee we have appointed consultants in each
of six fields. These fields are as follows:

Aeronautics

Ballisties

Computation (numerical, mechanical,
electrical)

Cryptanalysis

Industry

Probability and Statistics

The chief consultant in aeronautics is
Professor Bateman of the California Insti-
tute of Technology. This is perhaps the
most difficult of all the fields, and one of
the most important. Thousands of hours of
mathematical labor go into the design of
each new type of aeroplane. There is the
problem of the flow of air by moving ob-
jects and the problem of the determination
of surfaces of least resistance and greatest
lifting power. The problem of flutter is a
very troublesome one, but nevertheless ad-
mits a mathematical approach. An essen-
tial tool here is the theory of conformal
mapping. Those who wish further details
may refer to a paper entitled ‘“The engi-
neer grapples with non-linear problems”
by Theodore von Karméan, in the Bulletin
of the American Mathematical Society of
1940.

The chief consultant in ballistics is John
von Neumann of the Institute for Ad-
vanced Study at Princeton, New Jersey.
The Government maintains its proving
ground at Aberdeen, Maryland, and Dahl-
gren, Virginia, and has several able math-
ematicians at work in this field. These men
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are charged with the proper design of guns
and projectiles, with their testing, and the
making of tables. The problem of bomb-
sights is also referred to them. An interest-
ing discovery of the last few years is the
close connection between the theory of
projectiles and that of high speed aero-
planes. High speed projectiles move at a
velocity somewhat greater than that of
sound, while the maximum speed of aero-
planes is now nearly two-thirds that of
sound. It is therefore natural that ballis-
tics and aerodynamics should be intimate-
ly related. The speed of sound is critical for
bodies moving in the air. The tremendous
resistance met at this speed seems to indi-
cate that the maximum velocity at which
aeroplanes can fly is fast being approached.

Professor Norbert Wiener of the Massa-
chusetts Institute of Technology is the
chief consultant in computation. A great
deal of the computational work at the
Aberdeen Proving Ground is now done by
mechanical means by the so-called Bush
Analyser. This is an intricate and expen-
sive machine occupying a large room and
capable of giving the numerical solutions
of an important class of differential equa-
tions. Since the original machine was set
up at Massachusetts Institute of Technol-
ogy some ten years ago, several larger and
better ones have been built. In the whole
world at the present time there are not
more than ten such machines. Professor.
Wiener is working on the problem of using,
this machine or similar machines to solve
partial differential equations. If accom-
plished, this would be an important aid for
applied methematics. In spite of the exist-
ence of these machines, much computation
still has to be done in the old-fashioned
way. Fortunately for this country, we
have a number of experts on numerical
computation.

Cryptanalysts is the science of the mak-
ing and solving of codes and cyphers.
There is ample literature on the subject
and by virtue of its intriguing nature it
might appeal to students of high school
age. The chief consultant is Professor Eng-
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strom of Yale. Professor Engstrom is an
officer in the Naval Reserve and with his
aid a number of able young mathemati-
cians are making an intensive study of
crypt-analysis. Itis possible touse the latest
and most powerful algebras to make codes
that are unbreakable. The catch is that
complex codes are difficult to transmit
without mutilation. Ordinary code theory
involves a useof frequency tables and much
ingenuity. It was only during the last war
that the Germans discovered that it was
better to employ statisticians than phil-
ologists in this branch of the military serv-
ice. Here is a field in which mathematicians
are very useful.

The chief consultant in Industry is Dr.
Thornton C. Fry, Mathematical Research
Director of the Bell Telephone Labora-
tories. There are more than fifty corpora-
tions employing more than 100 mathe-
maticians. He finds that integral equations
are used in prospecting for oil, matrix
algebra in studying the vibration of air-
craft wings, and in electric circuit theory,
the calculus of variations in improving
the efficiency of relays, the theory of num-
bers in the design of reduction gears, and
in splicing telephone cables, and topology
in the classification of electric networks.
He points out that there is no place in this
country where a mathematical consultant
for industry can be trained as such. Such a
man studies as an engineer, or a physicist,
or a mathematician, and must be partially
self-trained to serve as a mathematician in
industry. Fry’s plea for better training in
the field confirms the emphasis of our com-
mittee on training in applied mathematics.
Moreover, in this field the demand for men
exceeds the supply.

Professor S. S. Wilks of Princeton Uni-
versity is the chief consultant in probability
and statzstics. I shall quote Wilks as follows:
In a war emergency the greatest service
which can be rendered by probability and
statistics is of the nature of routine and
practical applications. Because of the ex-
treme importance of mass production tech-

niques in modern warfare the feeling is
very general that statistical methods of

THE MATHEMATICS TEACHER

quality control such as those used by
Shewhart in the Bell Telephone Labora-
tories would be valuable. Another main
technique is that of sampling surveys and
their application to the problem of stores
and supplies, personnel selection, trans-
portation, communication, etc. There is
also the problem of statistical analysis of
data obtained in bombing practice and in
range firing.

Preparation for Research. The second
main subcommittee on ‘‘Preparation for
Research” is headed by Professor Mar-
shall H. Stone of Harvard University. It is
concerned with the professional education
of mathematicians to the end that they
may be available for research on mathe-
matical problems of the defense. Up to
date expositions of ballistics, aerodynam-
ics and hydrodynamics are not available.
This committee is concerned with this
lack. It seeks to encourage the giving of
special courses on applied mathematics in
the various graduate schools, and a num-
ber of these courses are now being given.
Bibliographies need to be published and
special seminars on mathematics of the de-
fense need to be arranged at various scien-
tific gatherings. This is a work of great im-
portance, but one that will take time. It is
an essential part of the proposed develop-
ment of applied mathematics.

Education for Service. The third subcom-
mittee, and the one in which you are
undoubtedly most interested, is on Educa-
tion for Service. Its Chairman is Professor
William L. Hart of the University of
Minnesota. At my suggestion his commit-
tee embarked on a vigorous campaign of
investigation of mathematical education
in the secondary schools and of under-
graduate mathematical education in the
colleges, in relation to the national defense.
The objectives as formulated by his com-
mittee are as follows:

1. To investigate what mathematics is
of prime utility in industry and in the
Army and Navy in the national de-
fense.

2. In accordance with the results of this
investigation, to make useful recom-
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mendations in regard to mathemati-
cal curricula at both the secondary
and college levels.

3. To determine in what ways mathe-
maticians may aid in the preparation
of textbook material and in the teach-
ing of those who will have mathemat-
ical duties in industry or as enlisted
men or officers.

Professor Hart conferred with the offi-
cers in charge of the R.O.T.C. at the Uni-
versity of Minnesota with teachers of aero-
nautical engineering, and with teachers of
ground school courses in the Civil Aero-
nautics Program. He visited two warships
and some major coast defenses of the
Army, and examined the workings of a
major aircraft plant. He has drawn upon
his experience as a major of artillery dur-
ing the World War. At my recommenda-
tion his committee obtained textbooks of a
mathematical nature employed in the
R.0.T.C., for ground school courses for
pilots, and for various service schools main-
tained by the Army. No consideration was
given to training at West Point and An-
napolis because the officers from these
schools are exceptionally well prepared for
their duties. His report concerns mathe-
matical aspects of the preparation of all
others, officers or men, who will eventually
enter the national service.

A representative sample of the military
textbooks which such men would study
was sent to various mathematicians to re-
view. I have some of these reviews with me
and shall be glad to show them to anyone
of you who may be interested. I shall con-
tinue with a reading of parts of an address
presented to the National Council by Pro-
fessor Hart at Baton Rouge.

“One object of these reviews is to learn
at first hand what mathematics is a mini-
mum essential for the study of the texts
and for the performance of field duties by
officers and enlisted men in various
branches of the military services. As a sec-
ond object, in these reviews, we wished to
observe the nature of the exposition of
mathematical material in the texts, with
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the possibility in mind that, mathemati-
cians might aid in the construction of any
future editions of the books. In this outline
of my sources of information, I take pleas-
ure in acknowledging assistance received
by me from President Mary Potter of the
National Council in connection with view-
points for the secondary field and mathe-
matics appropriate for skilled industrial
workers.

“T shall now summarize some of the evi-
dence at my disposal and then, later, I
shall draw certain conclusions, principally
concerning effects at the secondary level.

“Permit me to be very brief on the non-
military side. It appears to me that the air-
craft and munitions industries, with their
demands for skilled workers and drafts-
men, the drain on the national supply of
skilled workers due to Army and Navy
calls for enlisted specialists, and the statis-
tical work associated with the activities of
government agencies and industry, will
operate to require largely increased num-
bers of men and women who have appro-
priate training in mathematies. It would
be desirable if skilled workers in industry
had substantial secondary mathematics,
through the stage of computational trigo-
nometry, with at least an intuitional
knowledge of solid geometry, and with em-
phasis on numerical applications at all pos-
sible stages. For these non-military activi-
ties, as many women as possible should be
trained at least through substantial high
school mathematics; a more select group
should be trained through the stage of ele-
mentary college mathematical statistics to
create a reservoir of computers for govern-
ment and industry.

“I evaluate the pure mathematical needs
of the various Army and Navy services as
follows, if we eliminate the requirements of
those exceptional officers whose work can
be designated as military research.

“First, the Infantry, motorized or not.
Even this supposedly non-technical branch
of the Army places demands on mathemat-
ics. All enlisted men in the infantry find use
for arithmetic and intuitional geometry.
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The officers, non-commissioned officers and
private first-class should have familiarity
with elementary geometry to permit map
reading, map construction, appreciation of
contour designations on maps, the use of
coordinate systems. These men also should
be able to appreciate the complicated me-
chanical drawings and the internal work-
ings of the rifles, light anti-aircraft guns,
and other materiel assigned to the infan-
try. In brief, for these men I would specify
elementary algebra and geometry as fre-
quently taught in training for industry. In
addition the officers should have some ac-
quaintance with the notions of probability
and probable error as met in elementary
statistics.

“Second, the Coast Artillery Corps. This
exceedingly mathematical branch includes
all artillery for seacoast defense, all high
altitude anti-aircraft artillery, and all mo-
bile artillery of heavy caliber. The officers
of this corps have to perform the duties of
surveyors on some occasions, and they deal
with very complex optical instruments,
motorized machinery, and complicated
guns. These men should have very strong
training in mathematics—in fact they
should be engineering graduates as the
most desirable stipulation. But, as a mini-
mum, they must know mathematics
through computational plane trigonome-
try,andelementaryspherical trigonometry,
with some background in solid geome-
try. Theyshould also have an acquaintance
with the notions of probability and proba-
ble error as met in elementary statistics, in
order to appreciate the theory of gunfire.
All enlisted men should have a background
of geometric and algebraic knowledge
equivalent to the training suitable for
skilled workers in industry. In addition,
about 25 per cent of the enlisted men
should be as well qualified mathematically
as the officers.

“Third, the Field Artillery, or light artil-
lery. We can make the same minimum
stipulations for mathematical training as
in the Coast Artillery with the omission of
mention of spherical trigonometry, and
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with somewhat less insistence on the need
for mathematics in the case of the enlisted
men.

“Fourth, the Signal Corps. The officers
should be electrical engineers and the en-
listed men should have the mathematical
training suitable for skilled men in indus-
try.

“Fifth, the Ordnance Dept. It needs var-
ious specialists, both officers and enlisted
men, with highly mathematical back-
grounds such as possessed by engineering
graduates or college majors in mathemat-
ics.

“Sixth, flying officers in the Air Corps of
the Army and Navy, and all other officers
in the Navy. They require at least the
same minimum training as officers of the
Coast, Artillery, because of the necessity
for studying navigation in all present cases,
aerodynamics and meteorology for air-
force officers, and numerous other techni-
cal subjects. In fact, it bewilders a civilian,
who has seen the workings of a warship, to
conceive of any Navy officer who is not a
trained engineer. These officers of the air-
force and Navy should have substantial
courses in solid geometry and spherical
trigonometry, far beyond what is satisfac-
tory for the artillery service.

‘““Seventh, the ground force of the Air
Corps. It requires a large number of grad-
uated engineers, men with college mathe-
matics and physics especially for the mete-
orology section, and a large force of men
with mathematical backgrounds suitable
for skilled industry.

““Eighth, enlisted men in the Navy. All of
them should have the mathematics suita-
ble for skilled workers in industry. A sub-
stantial number of the enlisted men should
be as well qualified as stipulated in the de-
scription of mingmum mathematics for the
officers.

“In summary, I believe that the preced-
ing specifications of mathematical training
for officers give minimum levels if our
Army and Navy are to be well led. The
training which I specified for various types
of enlisted men may exceed the true mini-
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mum but probably is the desirable level if it
can be attained. I hazard the guess that,
without special effort on the part of the
high schools, colleges, and centers for adult
training, the nation will not have a proper
reservoir of men with the mathematics nec-
essary for the needs of industry and the
military services.

“Now let me present certain personal
recommendations for viewpoints and ac-
tions as a consequence of the nature of the
probable mathematical needs which I have
just enumerated.

“Ttem 1. In the secondary field, it would
be very undiplomatic and harmful if the
national emergency were taken as a crude
excuse for a violent attack on certain cur-
ricular trends, even though it is possible
that weaknesses of some features of these
trends may become apparent when ana-
lyzed under the searchlight of our present
national requirements. I recommend that
initially we should make our proposals and
state the mathematical objectives in the
preparedness program without any stipula-
tion as to the pedagogical details involved
in attaining the objectives.

“Item 2. The National Council of Teach-
ers of Mathematics and all organized bod-
ies of mathematics teachers at all levels
should advertise the utility of mathemat-
ies in industry and military service. In
high schools it should be advertised that
Army and Navy R.O.T.C. units in colleges
require trigonometry and should require
solid geometry and spherical trigonome-
try.

“Item 3. I recommend that every club
of secondary teachers of mathematics
should promptly hold a special meeting de-
voted to a discussion of the role of mathe-
matics in the present national emergency
and to a discussion of possible local actions
in the high schools.

“Item 4. I recommend that in the junior
and senior high schools, every boy and girl
of sufficient mathematical aptitude should
be urged by the high school advisers, to
take as much mathematics as possible,
through the stage of trigonometry and

some solid geometry, as a national service.
And, I recommend that a new definition of
socialized mathematics be adopted in the
curricula for students of all ability levels,
where we would recognize that, at least for
boys, mathematical content with military
uses is the most socialized variety of math-
ematics to which they can be exposed at
present. :

“Item 5. The military necessity for
spherical trigonometry and space diagrams
in many important places leads me to rec-
ommend that the high school course in
solid geometry be given much more em-
phasis than in recent years. I suggest that
it be modified by replacing some of the
classical content with a treatment of the
elements of spherical trigonometry, thus
giving a combined course in solid geome-
try and spherical trigonometry. In fact,
this combination appeals to me on purely
mathematical and pedagogical grounds
apart from the requirements of the pre-
paredness program.

“Item 6. I recommend that a single set
of courses be used for secondary students
of ability in attaining the desired ends,
rather than separate curricula, some de-
signed to fit men for industry and some
planned for men and women who will pro-
ceed more deeply into mathematics.

“Ttem 7. As a temporary measure, I sug-
gest that boys of intelligence, now in grades
11 and 12, who have previously omitted
substantial mathematics, should be offered
an abbreviated treatment of logarithms,
plane trigonometry, intuitional solid ge-
ometry, and an introduction to spherical
trigonometry, to permit these students to
train themselves rapidly for their practic-
ally certain entrance into skilled industry
or the Army or Navy.

“Item 8. I advance the opinion that a
severe shortage of men with engineering
training is at hand. This should be brought
to the attention of interested boys of
mathematical ability in the high schools.

“Item 9. As a final recommendation for
the secondary field I urge the National
Council to appoint a special committee on
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“Mathematics for National Service,” to
coordinate and direct appropriate activi-
ties in the secondary field.”

The applications of mathematics in the
national defense will be made by men in all
branches of the national service and in the
various scientific professions. Some of the

THE MATHEMATICS TEACHER

men contributing in this way will be math-
ematicians. The one thing for which math-
ematicians are mainly responsible and in
which they have the greatest influence, is
the education in mathematics for this
service. I know that we can count on the
teachers of mathematics for the fullest aid.
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Dear Dr. Ke'logsg:

Hy experience this year hus mude ne rather acutely consciocus of
ﬁhe fact that the needs of mithematieal research have not yet been brought
to the attention of thoee whose pesition enables them te have a view of the ,(ﬁ

strategy of Sciencey This, T think, !s chiefly the fault of the mathemati~

oians themeelves, who have tcc eusily assumed that an cutside world which
cannot understand the details of their work is not interested in 1t§ success.
That such an idea is erronecus has been well illustrated bi the zenercus
acticn of the hockefellisr Foundation in providing funds for Researeh Fellow-
ships in &athemaiioo of the same type as for Pbysiea and Chemistry. This was
'done immedistely, and apparently as a matter of course, when the nqed fof such
followshipes was pointed cut. This experience, as wel!l as much evidence of
a less tangible sort, of the friendly interest in ﬁathematios, iemde me to
| hope that it ﬁay be worth while to draw attention to the fact that vé are
now in a eituation shere another very importent step of a similar sort ﬁlv
be taken. G
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cnllnga..teu!m;:n L mathematios department in an American university has to “
deal with an encrmous mass of freahgen, a very large number of aophoaores,.

and with extremely emall numbers of junicrs, senicrs and graduate students.

The situstion ie entirsly differen@ from that of a Eurcpean University, wﬂieh ;
has to deal! only with the last clusa of studente. The subjects taught teo 3 ,-73
freshmen and sophomores are taken up in the iLycee's and Gymnasia, Uudef'our
‘eonditions, the nen,renponaiblé for the conduct, of & Nathematics department
are obliged tc give their primary attention teo providing in&truotiou for the

freshmen and scphomores. This obligaticn is due not merely to the number of

men who have to be dealt with but ‘alsc to the intrinsie importance cof such

’ instruetion.
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Heverthsless there has been a great develcpment of mathematical : i

regearch in this country Twenty or thirty years s.go there were vory few

men doing such research und they were receiving very little cnnsident.ton
fmm the Universitiss. How they are very much in demand. & man with good

mathenatical gifts and ncrmal persenal gqualities has little trouble in

obtaining as good a position ue ls avaﬂab}é under our system. But when
he obtains it he hae & teaching schedule of from nine to fifteen hours a
week as compared with thies hours a'-eeg for his collségue in the College
de France, fc.:f exmp}a; Korecover, he becomes f.reqendous]y interente_d in
this teaching; he scos the manifold weys £5 WG Eb aceld 5 S od
he plays his part in the coumittess snd cother administrative dovicee which
are trying to do the cbvious tmk’s of the university in a better way.

He was preferred to qther men when appéinted, because of his seientif-
‘e dlstinetion. But just because he ba.ﬁ a sense of responsibility and reacts
in a normal way tc hie environment, it ie only & emall fraction of his energy
tpst_ goes into research. The universi ty suthorities never :now the difference’

=g

(it does not show in the number of his publications, only in the quality) and

i 1

give him hie rightful share of rcepect as a loyal member of the community,

Sc we have arrived at the stage wherc we reoégni ze ubility in scientif-
ié research as ; basis for university sppointments but not as a primary occupa~- 4
tion for ther appcintess. .This statement is not étrict‘.y true in soiences Mko.
Fhysics and Chemistry for the"miversitias which have great laboratories
usually reoogni ze the absurdity of maint,a.iniag such plante without & respect-
able cutput of research. It is brinimt]y untrue in Astrcnony. But in
Hathematics it is true almost without an exception.

The way tc make another step forward is obvious. Indeed it has

already besn partially recognized by the Roekefeller Foundation in entibli sh-

ing a esries of Fellowships in varfous sciences which afford cpportunities
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for research to men of promise at the outset of their careers. What remains te

do is tc find a way of wsuring- the ecntipuance of their research f.o. men who have
airsady proved thelr ability. This is alresdy provided for, 6 & oeptain extent,
in the laboratoriee of the experimental sciences, but, as a}r;ady indicu&od, there
is no prevision in Haxhegaxies. Te provide 1£,‘there i?e at least two ways shich

would be justified by the motusl amount of mathematioa! talent in the country. b

The first of these would be to found and endow a Nathematical Institute.

The physieca! equipment of such an institute would be ver} eimple: a-
iibrary, a few offices, and lseture roome, wnd & small paount of apparatus suoch
as oeiaputing machines. There should also be prevision on a small scale for 5 ‘;
stencgraphers and ecmputers. But the main funds of suobv an instituts should be
used for the salaries of men or women whose business is mathemati'cal regearch.
These peopie should, howsver, be provided with the equivalent of the mutirne work
which is always present in labaratery sciences. This werk could consist, for
example, in editing a mathea';tioa} pericdieal or in preparing & new editiop of -

- the Fneyeclopedia of Nathematica. The latter enterprise would be a very llarge
one but v;culd be tremendously important both for pure mathematics and for its
applications. The members of the Inestitute should also be expected to give

lecturses tc advanced studente in their cwn fields of resesarch. -

Sueh an institutes, in my opimion, cculd cperate successfully either
in conjunetion with & university or as an entire’ y scparate institution. In

either case it would trsat mathemstical ressarch as a pmfeeeion. There are

o) Sl

plenty of men in the ecuntry sho have shown that they are capable of living
\

up to such a pesition.

L]

'The second plan which I have in mind is essentially that followed

LR el s s R S

by the Royal Soeiety in the Yarrow Hesearch Frofeescrships. Tt consists

in establishing and 'andcwing a number of reosesrch prcfessorships which are
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Abrsham Flexnsr, isg.,
81 Froadway,
New York, N. Y.

Dear Dr. Flexner:
Some time age I sent your broiher, Dr. Simon Flexner, whc has
shown & practieal interest in mathematical as wel! as other research, a
letter aboutlmy ideas as tc the best way cf furthering such research. He {
rauggeated that I should talk the matter over with you. I should like very .
much to do so some time at your convenience. In the meantime, I am sending
you the fbl‘owing statement, whioh is pructieally a ocpy of a sort of a
valediotory statement which I left with Ur. Vernon Kallogg;
My e;perience this year has mads me rather'acutely ccnscious of
the fact that the needs of mathematical research have not yot been brought
; to the a;tehticn of those whose position enables them to have & view of the
strategy of Seience. This, I think, is chiefly the fault of the mathemati-
cians themselves, who have too eusily assumed that an ocutside world which
cannot understand the details of their work is nct interssted in ite success.
That such an idea is arroneoua.hna besn well illustrated by the generous ac-
tion of the Rockefeller Foundamion in providing funds for Research Fellowships
in Kathematios of the same type as for Physies and Chemistry.: This was dono
immedi ately, and apparently ae a matter of course, when the need for such
fellowships was pointed out. This experience, as well as much evidence of
a less tangible sort of the friendly interest in mathematics, leads me to

hope that it may be worth while to draw attention to the fact that we are

now in a position where another very important step of a similar sort may

be taken.
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The step whioh I propose is a very obvious cne which doubtless should

be taken in many cther fields alsc. I wish to make the argument 6n1y for
mathematios, bowever, for I am sure of my facts if I limit myself in this
way. The step is eimply to give a number of the men who have proved that
they oan do produotive work in this field a chanee to concentrate their ef-
forts on it. A businus/rg:n& European scientist would probably ask at
onoes: Are the universities not already doing exaotly this thing in all sub-
jeots? The answer wculd have to be that unfortunately they are not doing
it - certainly not in mathematics.

It is true that mathematica! research is done almost entirely by
university and oollsge teachers. But n‘mut.hematioal department in an ZAmerican
university has to deal with an enormous mass of freshmen, a very 1arge number
of sophomores, and with sxtremely small numbers of juniors, seniors and grad-

uvate students. The eituation is entirely different from that of a European

university, which has to deal only with the last class of students. The sub-

Jects taught to freshmen and sophomoree are taken up in the Lycée's and Gymnasia.

.

Under our ecnditions, the men responsible for the conduct of & mathematios
department are obliged to give their primary attention tc providing instruction
for the freshmen and sophomores. Thie obligation is due not merely to the num-
ber of manv who have to be dealt with but alsc to the intrinsie importanoe of
such instruction.

Nevertheless thers has becn a grest development of mathematiocal re-

gearch in this country. Tw‘enty or thirty years ago there were very few men

doing such ressarch and they were receiving very little consideration from the

universities. Now they are very much in demand. & man with good mathematiocal
gifts and normal personal qualities has little trouble in obtaining as good a
position as is available under our system. Cut when he obtains it he has a

teaching sohedule of from nine to fifteen hcurs a week as oo-pa.redrwith three

hours & week for his colleague in the Collsége de Franoe, for example. More-
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0‘vor, he becomes tremendously interested in this teaching; he secs the manifold
ways in whioh it could be improved, and he plays his part im the committees
and other administrative dsvices for deing the obvious tasks of tﬁe univerei ty

He was preferred to other men when appointed, because of his
seientifiec distinction. But just because he has & sense of responsibility
and reaots in & normal wasy to his environment, it is only a smal! fractiocm
of his energy that goes into research.

So.ue have arrived at the stage where we recognize ability in
sciontific research as a basie for university sppointments but not as a
primary ccoupation for the appointaee. This statement is not strictly true
in sciences like Physiocs and Chemistry, for the universities which have

great laboratories usually recognize the absurdity of maintaining such plants

without a respectable output of researoch. It is brilliantly untrue in

Astronomy. But in Mathematies it ie true almost without an exception.
The way to make another step forward is obvious. Indeed it has
already been partially recognized by the Rookefsller Foundation in sstablish-

ing & serices of Fellowships in various sciences which afford opportunities :

for ressarch to men of promise at the cutsst of their carsers. ¥%hat remains
to do is to find a way of assuring the ocontinuasnce of their research to men

who have already proved their ability. This is already provided for, to a

&
it
3

certain extent, in the laboratories of the experimental! sciences, but, as al-

A
AR

ready indicated, there is no provision in mathematics. To provide it, there
are at least two ways whioh would be justified by the actual amount of mathe-
matioal talent in the country.

The first .of these would be tc found and éndow a Mathematical Institute.
The physioa! aquipment of such an institute would be very simple: a library, a B
few offioes and jecture rooms, and a small amount of apparatus, such as comput-
ing machines. Thers should also be provieion, on a emull scale, for stenog- ke
raphers and computers. But the main funds should be used for the salaries of

men or women whose business is mathematioal research. Such an institute, in ‘ _ j
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my opinion, could opesrate successfully either in conjunction with a university
or as an entirely separate institution. In either case it would treat mathe-
na.t.iéa_l research as a profession. There are plenty of men in the country who
have shown that they are capable of living up tc suoch a position.

The idea of such an institute is by no means & new or untried ome.

We have several institutes fop research inm other sciences in this oountxgy, and
there are several mathesatioal imstitutes in Europe.
The second plan which I have in mind is eseéntially that followed
. by the Royal Sosiety in the Yarrow Research Professorships. It ‘conai sts ip
establishing and ond_o-iﬁg a number of rescarch professorships, which are
awarded to individuals who have shown in their own environments that their

impulse to research is a vital one. The sppointees are not moved to new

places. The only difference brought about is that they are freed from all

other obligations and thenceforth paid for devoting their energies ‘to research.
In our ecuntry it would be advissble astually to 1imit the smount

»ot teaching or otaér routine that a research professor is allowed to do. He : 1

should ;1ot be allowed tc give more than two or three lectures & wesk. Per"h,lpl, ‘

aleo, he should not be allowed to accept more than a limited number of research

4

A
8
it
H

'ltudent.“. #ith such restrictions, I thini that one of our philanthropic founda~
'uvom.ooulu carry & number of resecarch professors on its salary roll and be
oohﬁdent that no bstter use could be made of its funds.

The second plan hae the advantage that it ocould be tried cut by gradual
steps. Thé mathematical institute has the advantage that it would provide a def-
inite nucleus for mathematical rescarch and foster cooperationm in & subject that
has been treated in the past in perhape an unnecessarily individualistic way.

Yours sineerely, |

‘ ' Oswald Veblen, Chairman,
OV/NER Division of Physiocal Sciences.

N\



Beatrice Stern research files, Vertical Files, Box 4, M
From the Shelby White and Leon Levy Archives Center, Institute for Advanced Study, Princeton, NJ, USA

GEROSA DEPLORES
CLOSING OF SCHOOL

Controller Charges ‘Waste’
in Plan for Bronx Unit
—Move |s Defended

Coniroller Lawrence E. Ge-
rosa and the Board of Educa-
tion, who have heen at odds
over the desirability of the pro-
posed $500,000,000 school hond|
1ssue, clashed again yesterday.
This time the cause was the
desirability of an elementary
school in the Bronx.

In an address before the
Kiwanis Club of the Northeast
Bronx, Mr. Gerosa took the
board to task for its projected
closing of Public School 56 at
207th Street and Hull Avenue.
The school is forty-four years
old. The club met at Mayer’s
Parkway Restaurant, 613 East
233d Street.

The Controller said the school
was still in “excellent” condi-
tion. He said the city had not
finished paying the fifty-year-
corporate stdck by which the
construction was financed. He
cited that as an example of
“waste and extravagance” in
the school construction program.

The original construction dnd
site acquisition costs, Mr.
Gerosa said, were $200,000, and
by the time the stock matured
it would have cost the taxpay-
ers $530,000.

He asserted that Public
School 56 was 76 per cent filled
and that mothers in the neigh-
borhood objected to having their
children transferred to Public
School 8, a new school on the
south side of busy Mosholu
Parkway.

‘““According to mothers in the
area, they tell me the school is
in execellent condition,” he said.
“Brand new plumbing was put
in about three years ago and
just recently the roof was re-
paired.

“The mothers now have to
take their children ten blocks
away and have to cross Mosho-
lu ‘Parkway going south—to
fill’up the new school—when
the new school was built for the
purpose of keeping the mothers
in that area from crossing the
Parkway going mnorth. How
ridieulous can you get!”

In answer to the Controller,
a spokesman for the Board of
Education said:

“We are considering closing
Puhlie -

Father of Cybernetics
Is anored byM.I.T.

Dr. Norbert Wiener

Special to The New York Times.

CAMBRIDGE, Mass., April
29—Dr, Norbert Wiener, the
father of cyhernetics, has
been appointed an Institute
Professor at the 'Massachu-
setts Institute of Technology.
He has been a member of the
Mathematics Department
forty years,

Dr. Julius A. Stratton, pres-
ident of M. 1. T., said that the
appointment would free Dr.
Wiener from departmental
strictures and allow him to
teach or devote all his time
to research. He said that Dr.
Wiener was “undeniably qual-
ified” for the’ honor of be-
coming the fourth Institute
Scholar.

Dr. Wiener entered Tufts
College at the age of 11. He
received the degree of Doctor
of Philosophy from Harvard
University at 18, Now, at
64, he is about to publish his
first novel.

The new Institute Professor
is best known for his theory
of cybernetics, a science con-
cerned with finding common
principles in the function of
automatic machines and the
human nervous system.
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MANKIND WARNED
OF MAGHINE PERIL

Robot ‘Brain' Can Destroy
Its Creators and Users,
Prof. Wiener Declares

By MURRAY ILLSON

Man may contribute to his
destruction by creating ma-
chines he cannot control, one of
the world's leading mathema-
ticilans warned yesterday.

Prof. Norber, iener of the
Massachusetts Institute of Tech-
wlogy asserted here that the
notion that machines werenec-
essarily limited in their capa-
bilities to the scope intended for
them by their human creators
might be erroneous. i

He suggested that man might
be building into such machines
as electronic computers and
automatic control devices pos-
sibilities of performance of
which he was unaware, He in-
diczted that these machines
could have capacities for orig-
inality akin to those possessed
by the human brain.

Professor Wiener spoke at
the New York University Insti-

tute of Philosophy, held in Van-
derbilt Hall, 40 Washington
Square South. His topic was
“The Brain and the Machine.”
Prof. Sidney Hook, chairman of
the Department of Philosophy
at the university, presided.

Chess-playing machines can
be built with a high order of
self-correction and adaptability,
Professor Wiener observed. Such
'a machine; he said, can store
lup in its “memory” details of
|games played in the past with
{human opponents to the extent
[of learning their ‘“favorite
tricks.”

He declared thal in some cir-
cumstances it would not be
easy for a human player to be
sure whether he was opposing
a machine or a person.

Professor Wiener, who coined
the word “cybernetics” to cover
the field concerned with simi-
larities between the ‘“thinking”
of men and machines, asserted
that what could be done with
a game-playing machine could
also be done with a computing
machine or an automatic fac-
tory.

The machine, rather than its
builder, can to some extent be-
come the controller of its per-
formance, Professor Wiener
said, and this places on man
new obligations and new re-
sponsibilities,

He observed that the machine

‘.

R EBVOORERLIVBRBVBEBO 5

was “literal-minded” and did
what man’told it to do rather
than what man wanted it to do
or what he imagined he had
told it to do.

In this connection Professor
Wiener cited Goethe’s poem of
the Magician’s Apprentice and
the Arabian Nights legend of
the fisherman and the genie.
The apprentice learned the
words by which the broomstick
was made to fetch water but
had not learned the words to
stop it. The genie, released from
the bottle by the fisherman, had
a wil] of its own and was a
destructive force.

The automatic factory will
not work automatically for
man’s good unless it has been
determined in advance what
that good is and unless the fac-
tory has been constructed to
contribute to that good, Profes-
sor Wiener said,

He pointed out that if the
only orders to the automatic

|
|factory were for an increase in

production, for example, the
vast productivity might also|
bring great unemployment and:}
related problems that could]
contribute to man’'s clestruction.i

In reply to statements by,
other participants at the meet-
ing to the effect that therel
were important differences be-|
tween man’s consciousness and
the machine’s “consciousness,” !
Professor Wiener said that he|
was not certain how to define|
consciousness. |

Likening of the human brain
to a machine in functioning was
disputed at the afternoon ses-
sion.

Dr. Wolfgang Kohler, Emeri-
tus Professor of Psychology at|
Swarthmore College, cited re-
cent experiments that ‘“‘destroy
the theory that the brain oper-
ates like a machine.” i

(>

§
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THE

ISOVIET APOLOGIZES |
TO M.LT. EDUCATOR

! A Soviet magazine has pub-
lished a public apology to Dr.
Norbert Wiener, a leading
American mathematician for
the denunciation of him and his
work in cybernetics by the
Soviet press during the Stalin
era,

Dr, Wiener 1s generally con-

sidered to be the founder of]
cybernetics, a science concerned
with finding common principles!
in the function of automatic
machines and the human nerv-
ous system, He was denounced
as an ‘“obscurantist” and his
work was ridiculed in the
Soviet press earlier in the post-
war era, The Soviet magazine
Ogonyok now attributes this
attitude to what it recognizes
as the present backwardness of
the Soviet Union in the impor-
tant field in which Dr. Wiener
has pioneered.
.| Written by a leading Soviet
“|essayist, Marietta Shaginyan,
Ogonyok article denounces the
.| Soviet philosophers who had at-
tacked Dr. Wiener and says
that their attitude was ‘“‘crim-
|inal.”

She says public recognition
of the error about Dr. Wiener
is necessary to assure that
these philosophers do not ‘re-
peat their errors in the future.”

Dr, Wiener has been honored
in the United States and abroad
‘'for his fundamental work in
{the mathematics of electronic
‘lcomputers and automation.
Last Wednesday he was named
‘lan Institute Professor at the
Massachusetts Institute of Tech-
nology, where he has taught for
forty years,
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THE INSTITUTE FOR ADVANCED STUDY

Princeton, New Jersey

m 10, 1949.

DNear Aydelotte:

It is awful to have to leave without seeing you. If I had
known earlier that you would be away, I would have changed my own
arrangements., As it happens, I shall actually have a day less to spend
here, as I have just heard that we are embarking aboard on Thursday

told vou privately of my discussions wi ' the _ ctor. Before going

that T needed that to keep up the ~ ~ payments, which
amount to some #2300 yearly. He @$ad :

ormed me that by a majority

st my being promised more than

‘, d that this might be re-
s  or words to that effect,

¢k up, especially as I had heard

hete and abroad that I was not wanted

! 80 T had another very frank talk with
hich for the first time I spoke out, and the
i the Director much more cutspoken in his
views of Earle tha iy s and I said that in the circumstances I
would have to write him a letber, putting my views; therefore leaving it
it to him to make use of it or not if the issue should arise agein,

It is raally ineredible that my codleagues should be so mean
as to obstruct an arrangements of so a nature; and fantastic that
they should seek to justify their attitude with such an argument, when I

the Director yestprday,
talk was quite d

| am the only cne cf the five who has done any work at all, and not without

. some success in academic and general quarters, You may rememberthat when in

1946 you ssked me whebnar T was ready to come back, I gave you as one ground
for my hesitation, apart from the fact you yourself were le aving, and that

I ynew not what would happen to the soclal sciences here, that Earle on a
visit to london had wsed such asbusive language about Rieffler that I could
mt face such a cantankerous atmosphere. The man is really patioliogical
‘and someone should check him, for he is doing harm to the Institute, ind I
/oan't understand how decent m like Stewart and Warren, who must know of
his anties, doc not tell him to behave like an aduit. It 4s partly because I
know this would lead to trouble that, as much for I, Oppenheimer's sake as
for mine, T refrained from suggesting my coming back on a permenent basis;
and the disappearance of the social science program is another reason, though

I well understand and sympabhize with the reasons which led the Director to
‘taka such a step,.
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nyhow, this is the situation, very unsatisfactory
for me, and I think very unfair to me, I have not pressed the
Director to change his mind, as this would have meant his writing
the faculty. '

Are you likely to be coming over to Fngland this fall?
In any case, I wish you and Mrs. Aydelotte a very happy summer, and
I think you again for all your encouragement and good will, and both
of you for yout friendly receiptions, y

With all good wishes,
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(NOTE FOR DR, OPPENHEIMER)

There were three ressons why I did not return to Princeton as soon as the
war wes over. One was personal - my wife was still not well enocugh to leave
alone when things in England were so difficult - but of course that was
something which I should have had to deal with in one way or snother. A
gsecond reason was professional - many changes and experiments were taking
place in the political and social fields, and there was much to learn from
watching them &t close quarters; without becoming part of any movement, I
have been active in this both in England and on the Continent. The third
reason wae the position at the Institute; the financlal side I will mention
below, but the immediate question was that of working relations.

Quite & few of us had difficulties during the first regime, but I doubt 4if
enyone was thwerted in his wvork as I wés., I was the first appointment in the
social science group, at & time when I was visiting at Harvard and had just
been offered an attractive position at Yale; I came here on a clear understand-
ing thet I would help to organise the group &nd carry out & program for it
enthusiastically approved by Dr. Flexner - but the whole thing wes twisted
before it got sterted. There were no working relations within our group;

end, what was worse, as an indirect consequence of top policy, personal
relations also were unhealthy, All this, one hoped, would be set right under Dr.
Aydelottes It was therefore a shock, when he asked me in 1946 whether I

wes ready to come back, to hear at the same time that he himself was leaving;
ell the more, &s only a little earlier during a visit to London I wes much
distressed to hear Mr. Earle speak in pretty strong language of Riefler and
say that "] can't stand the man end won't have anything to do with himi® I

put all this frankly to Dr. Aydelotte, snd we agreed that it would be better

to wait and see who the new director would be and what would then happen to

our particular group; he appreciated that after beilng through the war, apart
from personal inclinations, one could hardly come to work in such an stmos-
phere - especially in the social field.

Perhaps I should add that I consulted Dr. Aydelotte also when I was offered
the Unilever appointment &t the end of 1943. I only consulted two other
friends - Mr. Leonard Elmhirst, founder with his wife of the Dartington

Trust, well known here and in Englend as a sponsor of many social experiments
(1ike P, E. P+ in London and here, and the National Planning Association); and
Mr, Leonard Woolf (husbend of Virginia Woolf), perhaps the ablest end most
scholarly intellectual in the Labor Party on the international side., All

three were enthuslastic esbout this chance to see the working of one of the
biggest international concerns from the side. It was understood from the first
that I would have nothing to do with the business side of the concern and would
remein quite free to carry on my own work and writing - end this has never in the -
slightest been interfered with; I have only been & consultant, as occasion arose,
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on their international problems. On their side they wanted me to feel that
I knew everything that was going on, end arranged from the first that I should
be free to attend, &s a matter of right, all the meetings of the Board of
Directorss The experience hes been invalusble, not least beceuse instead of
thinking at random about "blg bueiness" ] have been brought into close econtact
with a group of people who, &s regards intelligence and charascter and general
gense of responsibility, could well be envied by any institution, public or
privete. (The President, Sir Geoffrey Heyworth, apart from other publiec
charges, is Chairmen of the Advisory Committee on Scientific Research, which

" deals with all public expenditure for scientific research, and that &s a Lebor
Government eppointment).

Throughout these yeers I have been active with various study groups and
privately in watching oy working on vhat was going on in my field, and have
had a part in a number of groups end conferences. I have also worked with
guite & number of advanced students who came to me or were referred to me by
the Universities. I have never writtenm or vorked to put through a particular
policy - but only to study problems and to further a2 detached approach towerd
their solutions To that end in the latter pert of the war I orgeniged a
privete study group of experts from Central and Easstern Burope to try and
have its problems examined in a detached way - and the results, widely used
at official conferences, were published by the famous Baglish nonepolitical
organization P. E. P. a8 & volume on "Economic Reconstruction in Socuth-Eastern
Europe"., Because of the important part vhigh relations with America were to
play after the wer, I published a volume of four solid (solid in more them
one sense, alasl) essays called "Americen Interpretations®. Apert from a
number of ordinary articles, I heve published a number of academic essays -
such as "The International Consequences of Economic Planning® (Yale Review,
a8 a sequel to one some years ago on "The Politicel Consequences of Economic
Planning"); "Human Rights and Internetional Orgenization® (Dutch-Belgian
Review of Internationel Studies, and alsc & similar version in the review

of the Indien Couneil for Vorld Affairs); "Functional end Federal International
Orgenisation® (Journal of the Royal Institute of Internationel Affairs);
"Mental Health end World Unity® (peper read st the Internationel Congress

on Mental Hygiene, London 1948, where ] was the only political scientist
invited to serve on the editorisl committee end read a paper, now being
printed; apart from papers for private discussion. In the meantime I have
been working steadily on meterial for 2 volume on Internstional Organization
(theoretical, not déscriptive); and in between also on edditional material
for an enlerged edition for whieh I am being asked, cf an essey published
years ago on "Marx v, the Peasant®, The booklet on "4 Working Peace System"
has, for something of its kind, had & remerkable circulation. Vhet people
think of these essays is not for me to say, but I can say that none of them
is merely critical or descriptive - but each tries to break new ground., And
vhatever one mey think of it, my epproach has started e school of thought,
end my writings are quoted as such in books of readings published since the
war (as in that of Prof. Ebenstein, of Princeton, or the recent work of

Prof. Morgenthau, of Chicego). '
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Finelly, as I seid, there was elso & finencisl resson. ¥hen I was
visiting professor &t Herverd in 1932-3 end wes discussing with Dr.
Flexner my coming here, he asked my view about salaries, in general.

I replied urging him not to offer higher salaries than those paid by

the main universities, not to appear to be "buying" people from else~
where - and also, sco that the Institute's ettraction should be the
chance for gquiet fork snd not high seleries. When he cffered me the
appointment he said that we would all get equal salaries (mentioning
Einstein and Weill &s likely exceptions beczuse they hed lost ell their
pogsessions); and when he urged me to build & house (which I consequently
arrenged to do), he said that he had no funds to inecresse my salery but
that for people like myself who hed to start & new life here, there wes
no guestion of having to retire at 65. The {irst underteking wac broken
&8 soon &8 it vwes made. ¥With Dr. Aydelotte's retirement it wes alec &
shock to hear that the second slsc hed been ruled sgainst by the Trustees.
Becasuse of my wife's long illness and the salary scale given me here, I
have no property or reserve of any kind vwhatever; and especislly beceuse
when I went to Unilever I refused to take more then what I was getting
here (Dr. Aydelotte had a copy of the formal letter acknowledging this);
end I elso insisted in paying my own expenses though invited to charge
them to the concern. So that sll these years, though connected with e
big business concern, in fact I have been getting less than my colleagues
here (since 1943 I have also peid both perts of the supersnustion).

One resson wes obvicusly that I took it for grented that I would be
coming back here. It was only vhen the nature of reletions end of mesns
of living here appeered so bad, because of old ettitudes and new rulings,
thet I naturelly hesitated.

——

I il

VW v O 7
Mey 10, 1949
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The members of the Boards of Education of Prince-
ton Borough and Township, the administrative of-
ficers of the two municipalities’ closely allied school
systems and representatives of Princeton University
and the Educational Testing Service who are making
it possible for teachers of mathematics to take a fresh
Jook at their vitally important subject. This week—
and every Monday afternoon until the end of the

“school year—nearly 50 mathematics teachers, drawn
from Hopewell, Montgomery Township and West
Windsor as well as Borough and Township—are going
back to class on their own time for sessions which
are designed to give them added insight into the na-
ture of the subject they are teaching and to show
how their individual courses dovetail with new con-
ceptions in mathematics.

Based upon nearly a year of discussions, the far-
reaching orientation program, calling for a total of
15 classes this spring, is divided into two phases—
advanced (‘‘algebra and above”) and elementary
(Grades IV through VII). Next fall it will be fol-
lowed hy a more extensive, year-long ‘“curriculum”
that will be concerned with course-material (e.g.,
arithmetic, algebra, geometry) in special areas. The
whole undertaking, as outlined by B. Woodhull Davis,
59-year-old superintendent of the Borough’s Schools,
is not in any sense a ‘‘crash program” but is closely
related to an “overall new approach to mathematies”
that probably means in the near future an added
year of advanced mathematics at the high-school level
for qualified students.

A pre-Sputnik meeting of the Curriculum Revision

'Wst. The direction of the

Committee, originally a Borough-Township venture
but now involving five municipalities, struck the
spark for the present organization of the mathematics
program. Attending as expert advisers to the com-
mittee, and aptly described by one school authority
as ‘“‘parent expert reactors,” were two able mathe-
maticians, Marion G. Epstein, associated with the
Mathematics Section in ETS Test Development, and
Albert W. Tucker, Chairman of Princeton University’s
Department of Mathematics. Sensing the possibilities
here, in what has often been termed “The Mathematics
Capital of the Western World,” the two advisers as-
sumed responsibility for tapping the kind of human
resources seldom available to public-school systems.
When the orientation classes met for the first time
in late February, the 52-year-old Tucker, the father of
three children in the Borough Schools and now Dod
Professor of Mathematics in the University, was one
of the three teachers for the ‘“advanced program.”
Associated with him are two of his university col-
leagues, Emil Artin, 60-year-old Henry Burchard Fine
Professor 0f Mathématics;two of Whose children are
graduates of-tocal “schools, and Norman Steenrod,
father of two and internationally known 47-year-old
“‘elementary phase”
een assumed by a 40-year-old Ohio-born, and
Ohio-trained, bachelor, Sheldon S. Myers, head of
the mathematics section in ETS Test Development.
For undertaking a cooperative, purely voluntary
program that may be without parallel in these United
States; for strengthening the structure of an already
excellent “school system”; for anticipating the edu-
cational needs of present and future; these men and
women are TownN Torics’ nominees for

MEN AND WOMEN OF THE WEEK

The Mather

Off-Street Parking Funeral ﬁnmr

%
%

40 Vandeventer Ave.
WAInut 4-0242

f
|

MARCH 16 - 22, 1958
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Kunihiko Kodaira, shy, unassuming 42-year old
mathematician, who has been singled out for one of
the highest honors that can be conferred upon a
Japanese-born scholar—the Prize of the Japan Academy.
Indicative of the regard the Japanese have for this
award, which is reserved for individuals making dis-
tinctive contributions to the advancement of mathema-
tics and is bestowed at no regular intervals, was the
method of presentation. In the absence of Kodaira, a
full-time Princetonian since 1949, it was recently pre-
sented in his native Tokyo to his mother, Mrs. Gonichi
Kodaira, by the Emperor of Japan, Hirohito. “the 124th
of his line.”

The ceremonies in the Nipponese capital marked
the second time in the past three years that Kodaira’s
achievements in the realm of pure mathematics have
been recognized by a reigning sovereign. In 1954, when
Kodaira and, the brilliant and equally young French
mathematician, Jean-Pierre Serre, were named co-re-
cipients of the J. C. Fields Medal, the equivalent of the
Nobel Prize in mathematics, they were specially re-
ceived in Amsterdam by Queen Juliana of the Nether-
lands during the sessions of the International Congress
of Mathematicians. Three years ago, and again this
summer, Princeton learned of the tributes paid to
Kodaira through his associates at the University and
the Institute for Advanced Study.

The son of a distinguished Japanese agriculturist,
who in post-World War II years held a cabinet post in
the Japanese government, Kodaira is a product of a
Westernized educational system. He took his advanced

\[ , IW

NOMINATE s o :

degrees at the University of Tokyo in mathematics and
mathematical physics and served as a member of the
Tokyo Faculty until he came to the United States in
1949 at the invitation of the Institute. Following two
years at the Institute and a year as a visiting professor
at Johns Hopkins University, he joined the University’s
Department of Mathematics in the fall of 1952 and for
the past five years has divided his time on a “half-
and-half” basis between the University and Institute.

Kodaira, holding professorial rink in the UMversity
and a membership at the Institute, is working on the
far frontiers of mathematics—in a kind of transcen-
dental “outer space” that only a few can now hope to
penetrate. Over the past two decades his researches,
which have been documented by 40 major articles in
professional publications, have cemented his.reputation
as one of the profound and original thinkers of his
time. In a sense, this adopted Princetonian, an in.
creasingly influential teacher on the graduate level
and, like other eminent mathematicians, a gifted musi-
cian, can be compared to late greats in his field, whose
impact on the world has only been fully understood
long years after they had initiated their tireless search
for new knowledge.

For strengthening Princeton’s position as the “Mathe-
matics Capital” of the Western World; for demonstrat-
ing the effectiveness of the working relationships that
exist between two sister institutions, the University
and the Institute; for once again proving that man.
made boundaries mean nothing in the quest for truth;
he is Town Topics’ nominee for

"PRINCETON’S MAN OF THE WEEK

MOVING ?

D |
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MATHEMATICS Academic Activities

The International Congress of Mathematic ians pamphlet.

Filed in Vertical file under "m" for mathematics.
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THE INTERNATIONAL CONGRESS
OF MATHEMATICIANS

CAMBRIDGE, MASSACHUSETTS, U.S.A.
AUGUST 30 - SEPTEMBER 6, 1950

An International Congress of Mathematicians will be held in Cambridge,
Massachusetts, in 1950 under the auspices of the American Mathematical Society.
The Society had hoped to be host to a Congress in September, 1940. However, the
outbreak of World War II made it necessary to postpone the Congress and, con-
sequently, there has been no international gathering of mathematicians since 1936. It
is the sincere hope of the American Mathematical Society that the gathering in 1950
will be a truly international one, with all countries well represented.

Former Congresses

In connection with the World’'s Columbian Exposition in Chicago in 1893 there
was held the first International Congress of Mathematicians. Except for omissions
necessitated by the two World Wars, there have been similar gatherings about
once every four years; all have been held in Europe except that of 1924 which was
at Toronto. The most recent Congress was held at Oslo in 1936.

At the most recent Congresses, the number of countries represented has been
about 40, the number of participants about 600, and the number of short papers
presented about 250.

Time and Place

The dates of the Congress have been fixed as August 30 - September 6, 1950.
The American Mathematical Society, the Mathematical Association of America, and
the Institute of Mathematical Statistics, which usually meet jointly in the summer,
will omit their summer meetings in 1950 so that their members may more easily
participate in the Congress. Harvard University will be the principal host institution.
Other institutions in metropolitan Boston will also participate by arranging special
entertainments. Mathematicians so desiring will be housed at a modest charge in the
Harvard University dormitories and meals will be served in the University dining
rooms. There will be accommodations for members of families, special provision
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being made for the care of children. Those who prefer to live in hotels can be
comfortably provided for in Cambridge or Boston.

Organization

The Organizing Committee has invited more than a score of outstanding
mathematicians to deliver stated addresses. There will be Conferences in four
different fields; these are more fully described below. There will be seven Sections
for the presentation of short contributed papers and, by invitation of the Section
Chairmen, there will be a small number of half-hour addresses as part of the
Section programs.

In recent years mathematicians have been much impressed by the success of the
conference method for presenting research in fields in which vigorous advances have
just been made or are in progress. There will accordingly be a coordinated program
of formal lectures and informal open discussion, and the stated addresses will be
integrated as far as possible with the work of the Conferences. The following list of
topics gives an indication of the nature of each of the Conferences:

Algebra (Chairman, A. A. Albert): 1, Groups and universal algebra; 2,
Structure theory of rings and algebras; 3, Arithmetic algebra; 4, Algebraic geometry.

Analysis (Chairman, Marston Morse): 1, Algebraic tendencies in analysis;
2, Analysis and geometry in the large; 3, Extremal methods and geometric theory of
functions of a complex variable.

Applied Mathematics (Chairman, John von Neumann): 1, Partial differen-
tial equations; 2, Statistical mechanics; 3, Random processes in physics and
communication.

Topology (Chairman, Hassler Whitney) : 1, Homology and homotopy theory;
2, Fibre bundles and obstructions; 3, Differentiable manifolds; 4, Topological groups.

The Sections for the presentation of short contributed papers will be as follows:
I, Algebra and Theory of Numbers; II, Analysis; III, Geometry and Topology;
IV, Probability and Statistics, Actuarial Science, Economics; V, Mathematical Physics
and Applied Mathematics; VI, Logic and Philosophy; VII, History and Education.
Each member of the Congress may present only one contributed paper, the time
allotted for each paper will be ten minutes and there will be no presentation by
title. Abstracts for such papers should not exceed 400 words in length and must
be submitted on blanks which may be secured from the Secretary of the Congress.
Abstracts must be in the hands of the Secretary of the Congress not later than
May 15, 1950.

The official languages of the Congress are English, French, German, Italian,
and Russian.
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Entertainment

There will be many interesting entertainment features, including a reception,
a concert in Symphony Hall, and a banquet. There will probably be a number of
automobile excursions. Members and associate members of the Congress will be
admitted to all social features of the Congress.

Membership in the Congress

Membership in the Congress will be open to all qualified persons, whether they
are able to be present in person or not. For regular members of the Congress the
fee is $15.00; these persons will receive the Proceedings of the Congress and be
entitled to participate in the scientific and social features of the Congress. Members
of families, accompanying Congress members and not participating in the scientific
meetings, may become associate members, for whom the fee is $7.50; they will not
present papers or receive the Proceedings, but will be entitled to many of the other
privileges of membership. Only members and associate members of the Congress
will have the privilege of residing in the Harvard dormitories.

Financial Support

Besides the support from Harvard University, generous subventions have been
subscribed for the Congress by Bell Telephone Laboratories, Carnegie Corporation,

General Electric Company, Institute for..Advanced Study, Massachusetts Institute

of Technology, National Research Council, Rockefeller Foundation, Standard Oil
Development Company, UNESCO and several private donors.

Information

Persons who are interested in attending the Congress are requested to fill out
and return the enclosed card as soon as possible. Only those who return this card
will receive further communications concerning the Congress.

Communications should be addressed to:

INTERNATIONAL CONGRESS OF MATHEMATICIANS
Low Memorial Library
531 West 116th Street
New York City 27, U.S.A.
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COMMITTEES OF THE INTERNATIONAL
CONGRESS OF MATHEMATICIANS

Organizing Committee: Garrett Birkhoff (chairman), W. T. Martin (vice chairman), A. A.
Albert, J. L. Doob, G. C. Evans, T. H. Hildebrandt, Einar Hille, J. R. Kline, Solomon
Lefschetz, Saunders MacLane, Marston Motse, John von Neumann, Oswald Veblen, J. L.
Walsh, Hassler Whitney, D. V. Widder, R. L. Wilder,

Financial Committee: John von Neumann (chaitman), W. L. G. Williams (vice chairman),
J. L. Coolidge, B. P. Gill, M, H. Ingraham, A. E. Meder, Jr.

Editorial Committee: L. M. Graves (chairman), Einar Hille, P. A. Smith, Oscar Zariski.
Secretariat: J. R. Kline (secretary), R, P. Boas (associate secretary).

Subcommittees of the Organizing Committee

Budget Committee: W. T. Martin (chairman), J. R. Kline, A, E. Meder, Jr., G. B. Price,
Oswald Veblen, Oscar Zariski,

Cooperation Committee: Samuel Eilenberg (chairman), E. F. Beckenbach, Hassler Whitney,
S. S. Wilks, J. W. T. Youngs.

Entertainment Committee: L. H. Loomis (chairman), C. R. Adams, Mrs. L. V. Ahlfors,
Mrs. G. D. Birkhoff, J. A. Clarkson, Mrs. W, C. Graustein, F. B. Hildebrand, J. R. Kline,
E. R. Lotch, Mrs. W. T. Martin, E. B. Mode, G. A. O’'Donnell, Mrs. H. B, Phillips,
Helen G. Russell, J. H. Van Vleck, Mrs. J. L. Walsh, Mrs. D. V. Widder, Mrs.
Norbert Wiener.

Program Committee: E. G. Begle (chairman), A. A. Albert, Garrett Birkhoff, R. P. Boas,
Richard Courant, J. L. Doob, Samuel Eilenberg, G. C. Evans, J. R. Kline, L. H, Loomis,
Marston Morse, John von Neumann, C. V, Newsom, H. A. Rademacher, Alfred Tarski,
Hassler Whitney.

Publicity Committee: R. P. Boas and G. W. Mackey (co-chairmen), A, A. Bennett, J. A.
Clarkson, C. O. Oakley, R. M. Thrall

Committee on Transportation Grants: Garrett Bitkhoff (chairman), Samuel Eilenberg, J. R.
Kline, W. T. Martin, J. L. Walsh.

Committee on Conference in Algebra: A. A. Albert (chairman), Richard Brauer, Nathan
Jacobson, Saunders MacLane, Oscat-Zariski.

Committee on Conference in Analysis: Marston Morse (chairman), L. V. Ahlfors, Salomon
Bochner, G. C. Evans, Einar Hille,

Committee on Conference in Applied Mathematics: John von Neumann (chairman), Richard
Courant (vice-chairman), Walter Bartky, R. V. Churchill, G. C. Evans, William Prager,
Mina Rees.

Committee on Conference in Topology: Hassler Whitney (chairman), Deane Montgomery,
N. E. Steenrod.

Chairmen of Sections:
Section I Algebra and Theory of Numbers: H. A. Rademacher.
Section II  Analysis: G. C. Evans.
Section III  Geometry and Topology: Samuel Eilenberg.
Section IV Probability and Statistics, Actuarial Science, Economics: J. L. Doob.
Section V. Mathematical Physics and Applied Mathematics: Richard Courant.
Section VI  Logic and Philosophy: Alfred Tarski.
Section VII History and Education: C. V. Newsom.,

E. A. WRIGHT COMPANY, PHILA,
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Article from The New York Times, Moncay, June li, 1956.

TEACIERS CHDED
ON HATHENATI

Study Finds Them Deficient,
Curriculum Outmoded and
Pupils Hostile or Bored

By BENJAMIN FINE
The teaching of mathematics
is in a deplorable state, accord-
ing to a year-long survey spon-
sored by the Carnegie Corpoyt-
tion. '
The survey found that a large
niber of mathematics teachers
ot only did not know how to
each the subject effectively, but
Iso were barely able to keep
head of their students.
! As a result, it was noted that
mathematics was one of the poor-
st taught subjects on the ele-
i)enta.ry and secondary levels
d that the students vot:gd
athematics as their “migst
;)ated" course, '
| The survey, conducted by the
Educational Testing Service of
Princeton, made a first-hand
study of sixty classrooms in five
states. Thirty-six of these were
at the elementary level, and
twenty-four at the secondary.
The study was under the di-
rection of six educators, headed
By Prof, Samuel S. Wilks of the
Princeton University Mathemat-
fjcs Department. The Carnegie
orporation gave $21,000 for the
Eroject.
Among the findings
these:
qOf the sixty mathematics
eachers reached in the study,
nly ten were competent; the
ther fifty were “confused” and
able to teach the subject.
QThe mathematics curriculum
is outmoded and must be
brought up to date if mathe-
matics is to take its rightful
place in the public schools. 3
gMost students are not only

were

HE NEW _YORK TIMES, MONDAY, JUNE 4, 1956.

TRACHERS SCORED
ON MATHEMATICS

Continued From Page 1

Continued on Page 22, Column 4 |

indifferent, they are downright

|hostile to the teaching of the

subject.

gMost of the teachers do not
like mathematics and teach it
only under compulsion or under
protest.

These conclusions are particu-
larly serious, the survey sug-
gests, because of the need for
trained engineers, scientists and
technicians in the atomic era.
Mathematics is the basis of en-
gineering.

The study notes that most
students “back away” from
mathematics at an early year.
Even superior or gifted students
are jndifferent. It has the dubi-
ous honor of being the least pop-

|ular. subject in the curriculum.

/The study lays much of the
fault at the feet of the teacher.
A sampling of 211 prospective
elementary school teachers

‘|showed that 150 had a long-

standing hatred of arithmetic,

The survey found that half of
a random sampling of 370 can-
didates for elementary school
positions failed to solve a simple
problem in fractions,

“It seems pretty clear that
many elementary school teach-
ers have a hard time keeping
even half a jump ahead of their
pupils,” the report stated.

The survey continues: “Fu-
ture teachers pass through the
elementary schools learning to
detest mathematics. They drop
it in high school as early as pos-
sible. They avoid it in teachers
colleges because it is not re-
quired. They return to the ele-
Imentary school to teach a new
generation to detest it.”

Toughening up requirements
for professional certification
would be only half a solution,
the survey says.

The Princeton survey pro-
poses the creation of a Remedial
Mathematics Course for Teach-
ers of Mathematics, designed to

unravel the teacher’s numerical
neurosis.

Not the Entire Solution

But, the survey concedes, not
all the trouble can be eliminated
by retraining teachers.

“When our observer visited

sixty classrooms to verify at
first hand what the books and
the experts were saying about
the deplorable state of mathe-
matics teaching,” the survey
says, “he found ten in which the

tive.

“In the other fifty the instrue-
tion was so confused that learn-
ing of any kind seemed to be
largely accidental and unillu-
mined by any learning theory
whatever.”

The survey is quick to add
that the teachers themselves
could not be censured for the
conditions under which they
work. Most of them were strug-
gling with classes of 35 to 40
pupils who sometimes spread
over two different grade levels
and almost always ranged wide-
ly from the bright but bored to
the dull and bewildered.

The curriculum is taken to
task, too. The survey notes that
it has changed very little during
the past century.

“The high school curriculam
today shows few, if any, signs
of the important developments
that have taken place in mathe-
matical science since the seven-
teenth century,” the report says.

The results have been devas-
tating. An engineering ‘school
reports that 72 per cent of its
students entering last Septem-
ber were found so inadequate
mathematically that they had to
take a review of high school
mathematics before they could
qualify for the regular freshman
course, Similar complaints are
frequently heard.

“Many things will have to be
done and discovered before the
general population can achieve
literacy in mathematics compar-
able to its literacy in the mother
tongue,” the survey says.

The importance of research is
stressed. However, the survey
agrees that “the suggestion thaf
the way out of the mathematica
mess is through educational re
search is likely to try tHe pa

teaching was reasonably effec-|

tience of those who want imme-
diate action.” ]
The “big need” then becomes|
a comprehensive study of the
whole problem of how to im-,
prove the teaching of mathe-
maties.

It will take a generatior. or
two to make a sizable derc-in
the problems of mathematical
education, the survey warns.
But, it maintains, the issues:
should be examined immediately.




November 7, 1946

Dear Johmi ;

. I have thought over this proposal for a mathematiocal

computing center as it might possibly effect the Imstitute,
and must say that it seems to me the housing diffieculty vhilh
?as deterred Princeton University would of course be the same
for us.

So far as a building is concerned, I think it might
be possible to build something which would in the long run
serve our own purposes and whigh we might rent to the Govern-
ment for 158 of 1its cost for say a period of ten years. Whe-
ther our Trustees would see this or not, I have mo idea,

The greatest difficulty whieh I see is the question
of whether such a center, if established here, would be of
scientific value to you im the work which you are doing, or
whether it would on the whole be a distraction, I can see
a real possibility that it might be a hinderance rathor than

" a help,

4 should like to talk that over with you when there
is a chance.

Your: sincerely,

FAskr ‘¥Frapk Aydelotte

Mr. John von Neumann
Institute for Advanced 8 tudy
Princeton, N. J.
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MORSE, MARSTON Biographical

A paper, "Mathematics and the Arts,” by Marston Morse,
read at a conference in honor of the American Poet, Robert Frost
at Kenyon College, October 8, 1950.

Filed in Vertical File under "M" for Mathematics.
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MATHEMATICS AND THE ARTS
by
Marston Morse

To talk about art other than in the impersonal sense of history, is to
talk about the moments when one has been confronted with beauty. Every essay
on art that lights a hidden niche has its source in the life of the writer.
You will then perhaps understand why I start with the mood of my childhood.

One hundred miles northeast of Derry, New Hampshire, lie the Belgrade
Lakes, and out of the last and longest of these lakes flows the Messalonskee,
I was born in its valley, "north of Boston" in the land of Robert Frost. The
"Thawing Wind" was there, the "Snow," the "Birches," and the "Wall" that had
to be mended: I was born on a sprawling farm cut by a pattern of brooks that
went nowhere -- and then somewhere. A hundred acres of triangles of timothy
and clover, and twisted quadrilaterals of golden wire grass, good to look at,
and good riddance. At ten I combed it all with horse and rake, while watching
the traffic of mice beneath the horse's feet,

All that Frost has described was there -~ the meanness and generosity
of men and women. A neighbor's house burned down in a wind, and everyone knew
who held the grudge. The woman who must have killed her lover (so everyone
thought) stood up in prayer meetins and testified, and there was no more
judgment against her than was proper. The autumn winds were the prelude to
the loon's strange song. There was time to think in the winter, to like some
things better than others.

My mother's world was the world of music, and her world became mine.
At thirteen I was playing the organ in church and wished the time in summer
to study and practice. Somewhat reluctantly my father conceded me the mornings.
He said that the grass was too wet to rake in the morning, and that I could
walk the three miles from church to farm. And so I learned some of the Bach
Fugues for the organ, and the moving Sonatas which Mendelssohn had written
to honor the memory of Bach.

Grecian art first became real to me in the shop of an old cabinet maker,

I began to learn from him about cabinet making, and the history of his art.

*Read at a conference in honor of the American poet Robert Frost at Kenyon
College October 8, 1950.
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Sheraton chairs and tables were scattered about his shop, with their fluted
columns and acanthus leaves, It came to me, of a sudden, that these were
fragments of Grecian temples.

There was a copy of the Cabinet Maker of Sheraton in a remote library.

Iv started with descriptive geometry and continued with a theory of ornaments.
Cornices were constructed with ruler and compass; symmetry and perfection
reigned throughout. Here was a meeting of mathematics and art, something
final and universal, as it seemed to me then. It was very alive, because it
vas so new. But it was not mathematics as I know it today, and as it should
e known; it was matter without the spirit. I made the same mistake that
ertists have made since the time of the Greeks, and placed mathematics along=-
side of the arts as their handmaiden. It is a humble and honorable position
cad very necessary; for one must begin with exactness in all the arts. But
mathematics is the sister, as well as the servant of the arts and is touched
with the same madness and genius. This must be known.

There was a German painter and engraver born in the 15th century with
the name of Albrecht Dilrer who wanted mathematics to be more than a handmaiden
cf art. His discontent on this account was unigue among artists of all time,
More completely than any other artist he formulated the rules of symmetry,
perspective and proportion, and used them in his art. But any one who thinks
Direr's spirit is bound by rules is mistaken. There is almost a shock in
passing from his rugged, first engravings to the radiant classical beauty and
siender proportions of his Adam and Eve of 1507,

Dlrer was a creative mathematician as well as an artist. He wanted his
geomcuric theories to measure up to his art. His great engraving Melencolia I
is a psychological self-portrait. The perplexed and thoughtful heroine is the
figure of geometry. Everything I have to say today is hidden in this engraving
o may be derived from it by projection into the future. Let me quote from my
cclleague Erwin Panofsky:

The engraving Melencolia I, he says, "...typifies the artist of the
Recraissance who respects practical skill, but longs all the more fervently
for mathematical theory -- who feels 'inspired! by celestial influences and
eternal ideas, but suffers all the more deeply from his human frailty and in-
tellectual finiteness..,Direr was an artist-geometer, and one who suffered

from the very limitations of the discinline he loved. In his younger days,
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when he prepared the engraving Adam and Eve, he had hoped to capture absolute

beauty by means of a ruler and a compass. Shortly before he composed the
Melencolia I he was forced to admit: 'But what absolute beauty is, I know not.
Nobody knows it except God.'"

In his dependence upon geometry Direr was inspired by Leonardo but repu-
diated by Michael Angelo. Later artists followed Diirer only half way or not
at all; it is indeed hard to follow an inspiration. Leonardo himself had
little of Dlrer's divine discontent.

Back of Dfirer and Leonardo in the distant past stands the Roman architect
and geometer Vitruvius. The Mesopotamian artists also looked on geometry
as an aid to art and this was well known to the prophet Isaiah. Chapter Ll
of Isaiah is written against idolatry; it is also an essay on aesthetics.

The thirteenth verse reads: "The carpenter stretcheth out his rule; he
marketh it out with a line; he fitteth it with planes, and he marketh it out
with the compass, and maketh it after the figure of a man, according to the
beauty of a man; that it may remain in the house,"

Isaiah would minimize geometry in the arts, Direr would maximize it.
Neither Isaiah nor Direr was content.

Let us turn to the relation between mathematics and music., The evolution
of the scales from the archaic sequences of tones of Euripedes to the whole
tone scale of Debussy shcws that mathematics and music have much in common.

And there is also the arithmetical basis for harmony. It is not too difficult
to compose in the technical scheme of Debussy and thereby to get some of his

naturalistic effects, bub no one can explain the profound difference between

the opera, Péléas et Méiisande, on the one hand, and Tristan and Isolde, on
the other, by reference to whole tone scales or any other part of musical theory.
Geometric form imposed on music can have a null effect. As an example,
I shall compare the First Prelude of Bach as found in the Well-Tempered Clavi-
chord, with the First Prelude of Chopin. The First Prelude of Bach is without
melody, and consists of repeating ascending arpeggios with similar form and
{  length. It is intended that the effect shall be harp-like. The musical text

as a whole exhibits a design that appears in no one of the other forty-eight

preludes, Looked at geometrically, the First Prelude of Chopin has a very

similar geometric design, and if the Chopin prelude is played an octave higher
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than written, with perfect evenness of tone and tempo, the actual musical
similarity of the two preludes is most striking. If, however, the Chopin
prelude is played with the colour and pulsating rhythm which it demands all
similarity to the Bach disappears.

Most convincing to me of the spiritual relations between mathematics and
music, is my own very personal experience. Composing a little in an amateurish
way I get exactly the same elevation from a prelude that has come to me at the
piano, as I do from a new idea that has come to me in mathematics.

My thesis is prepared. It is that the basic affinityv between mathematics

and the arts is psychological and spiritual and not metrical or geometrical.

The first essential bond between mathematics and the arts is found in
the fact that discovery in mathematics is not a matter of logic. It is rather
the result of mysterious powers which no one understands, and in which the
unconscious recognition of beanty must vlay an important part. Out of an
infinity of desiens a mathematician chooses one pattern for beauty's sake, and
pulls it down to earth, no one knows how. Afterwards the logic of words and
of forms sets the pattern right. Only then can one tell someone else. The
first pattern remains in the shadows of the mind.

All this is like Robert Frost'!'s "Figure a poem makes." The poet writes
"I tell how there may be a better wildness of logic, than of inconsequence.

But the logic is backward, in retrospect after the act. It must be more felt,

Sm——

than seen ahead like prophecy." Or again, "For me the initial delight is in
| the surprise of remembering something I didn't know I knew. I am in a place,
- in a situation, as if I had materialized from cloud, or risen out of the ground."
Compare this with the account of how the French mathematician Henri
Poincar€ came to make one of his greatest discoveries. While on a geologic
excursion a mathematical idea came to him. As he says it came "without anything
N in my former thoughts seeming to have paved the way." He did not then have the
time to follow up this idea. On returning from his geologic excursion he sought
to verify the idea. He had no immediate success, and turned to certain other
questions which interested him, and which seemed at the time to have no con=-
nection with the idea which he wished to verify. Here again he was unsuccess-
‘“’ful. Disgusted with his failure he spent a few days at the seaside and thought
of something else. One morning while walking on the bluff the final solution

¥ came to him with the same characteristics of brevity and suddenness as he had
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experienced on sensing the initial idea, and quite remarkably he had a sense of
complete certainty. He had made his great discovery.

An account of Gauss is similar. He tells how he came to establish a
theorem which had baffled him for two years. Gauss writes: "Finally, two days
ago, I succeeded, not on account of my nainful efforts, but by the grace of
God. Like a sudden flash of lightning, the riddle happened to be solved. I
myself cannot say, what was the conducting thread, which connected what I
previously knew, with what made my success nossible."

These words of Frost, Poincare and Gauss show how much artists are in
agreement as to the psychology of creation.

A second affinitv between mathematicians and other artists lies in a
psychological necessity under which both labor. Artists are distinguished
from their fellows who are not artists by their overriding instinct of self-
preservation as creators of art. This is not an economic urge as everyone knows
who has a variety of artist friends. I shall illustrate this by the case of
Johann Sebastian Bach and his son Philipp Emanuel.

Johann Sebastian's work culminates and closes a religious and musical
epoch. It is inconceivable that Philipp Emanuel could have continued as a
composer in the same sense as his father and have lived as an artist. He did
in fact reject his father's musical canons. There is considerable evidence
that his environment called for a new musical spirit. History justifies
Philipp Fmanuel; Mozart said of him, "He is the father, we are the children;"
Haydn was inspired by him and Beethoven admired him. With all this to his
credit posterity can perhans forgive him for calling his father an old wig.

Quite analogous to the son's turning away from his father is the story
of the relation of mathematician Henri Poincareé to his younger colleague,
Lebesgue. Poincare had used the materials of the 19th centurv mathematics to
revolutionize much of mathematics. He had cone so far in mathematics that it
is doubtful whether his youncer colleagnes in France could go on in the same
sense without introducing essentially new techniques. This was in fact what
several of them did. One of the new fields was what is called "set theory,"

. and one of the innovators Lebesgue.
- Poincare criticized the members of the new school rather severely. It

is on record that at a Congress in Rome he made this prediction. "Later
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generations will regard set theory as a malady from which one has recovered."
(One may remark parenthetically that the history of art records many maladies
from which art has recovered.)

The response of Lebesgue to Poincare was given on his elevation to
a Professorship at the Collere de France. An older eminent colleague had
praised the school of Lebesgue. Lebesgue made public reference to the
"precious encouragement which had largely comnensated for the reproaches"
which his school had had to suffer.

I regard the reactions of both Poincare and Lebesgue as dictated by
instincts of self-preservation, typical of the artist. Such self-preservation
was clearly to the advantage of mathematics as well., I am also one of the few
mathematicians who think that Poincare as well as Lebesgue was right, in that
mathematics will return more completely to the great ideas of Poincare with
full appreciation of the innovations of Lebesgue, but with a truer understanding
of the relation of mathematical technique to mathematical art.

Before coming to the third type of evidence of the affinity of mathe-
matics with the rest of the arts it might be well to ask what is it that a
mathematician wants as an artist. I believe that he wishes merely to understand
and to create. He wishes to understand, simply, if possible, =~ but in any case
to understand; and to create, beautifully, if possible, -- but in any case to
create. The urge to understand is the urge to embrace the world as a unit, to
be a man of integrity in the latin meaning of the word. A world which values =
great works of art, music, pogtry, or mathematics, can only anprove and honor
the urge to create of any man capable of such activities,

The third tyne of evidence of the affinity of mathematics with the arts
is found in the comparative history of the arts. The history of the arts is the

history of recurring cycles and sharp antitheses. These antitheses set pure

4w art against mixed art, restraint against lack of restraint, the transient

against the permanent, the abstract against the non-abstract. These anti-
theses are found in all of the arts, including mathematics.

In particular the antithesis of pure art and mixed art is very much in
evidence in the relations between poetry and music. There have been those who
wished to keep poetry and music separate at all times. Plato took sides when
he said, "Poetry is the Lord of the Lyre," and music had to fight a long battle

to obtain complete autonomy.
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Quite analogously in mathematics there are those who would like to keep |
algebra and geometry apart, or would like to subordinate one to the other. j
The battle became acute when the discovery of analytic geometry by Descartes /
made it finally possible to renresent all geometry by algebra. The battle
between algebra and geometry has been waged from antiouity to the vresent day.

Grecian art was of course restrained and a departure from restraint has
always brought a reaction. Berlioz gave an example of extreme lack of restraint.

To get the maximum effect of Doomsday trumpets in The Last Day of the World

Berlioz devised four full-fledged brass bands to play high in the four corners
of St, Peters. One American composer even wanted to fire cannon on the beat.

Mathematicians too, are often unrestrained. In this direction are the
grandiose cosmologies with more generality than reality. These fantasies are
sometimes based neither on nature or logic. Mathematicians of today are perhaps
too exuberant in their desire to build new logical foundations for everything.
Forevsr the foundation and never the cathedral. Logic is now so well understood
that the laying of foundations is not very difficult. The thing has gone so
far that one of my Polish colleagues recently suggested that the right to lay
foundations should be rationed, or put on the basis of the right to build one
foundation for every genuine classical effort.

The antithesis between logic and intbuition manifested itself in the days
of the Greeks., Pythagoras had a mystical nreference for whole numbers. The
irrational numbers were not understood by the Greeks and hence avoided as
much as possible. History has made a full turn and the nineteenth century
saw the meteoric rise of a more sophisticated Pythagoras by the name of
Kronecker. Kronecker laid down the rule "all results of mathematical analysis
must ultimately be expressible in properties of integers."

This proclamation cut deeply into the life and work of Kronecker's col-
league VWeierstrass. Here are a few lines from Weierstrass's reproach.

"But the worst of it is that Kronecker uses
his authority to proclaim, that all those who
up to now have labored to establish the theory
of functions, are sinners before the Lord --
truly it is sad, and it fills me with a bitter
grief, to see a man, whose glory is without
flaw, let himself be driven by the well=-justi-
fied feeling of his own worth, to utterances
whose injurious effect upon others he seems
not to perceive.”
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The human documents which I have put before you are not concerned with
processes which a machine can duplicate. One cannot decide between Kronecker
and Weierstrass by a calculation. Were that the case many of us would turn
to another and truer art. As Direr knew full well there is a center and
final substance in mathematics whose perfect beauty is rational, but rational
"in retrospect.!" The discovery which comes before, those rare moments which
elevate man, and the searchings of the heart which come after are not rational.
They are gropings filled with wonder and sometimes sorrow. Mo Funderan s )

Often, as I listen to students as they discuss art and science, I am
startled to see that the "science" they speak of and the world of science in
which I live are different things. The science that they speak of is the
science of cold newsprint, the crater-marked logical core, the page that
dares not be wrong, the monstrosity of machines, grotesque deifications of
men who have dropped God, the small pieces of temples whose plans have been
lost and are not desired, bids for power by the bribe of power secretly held
and not understood. It is science without its penumbra or its radiance, science
after birth, without intimations of immortality.

The creative scientist lives in "the wildness of logic" where reason

. is the handmaiden and not the master. I shun all monuments that are coldly
legible. I prefer the world where the imases turn their faces in every
direction, like the masques of Picasso. It is the hour before the break of
day when science turns in the womb, and, waiting, I am sorry that there is
between us no sign and no language except by mirrors of necessity. I am grate-
ful for the poets who suspect the twilight zone.

The more I study the interrelations of the arts the more I am convinced
that every man is in part an artist. Certainly as an artist he shapes his

“yown life, and moves and touches other lives. I believe that it is only as an

artist that man knows reality. Reality is what he loves, and if his love is

" lost it is his sorrow.
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REPORT ON SCHOCOL OF MATHEMATICS

by
Marston Morse and John von Neumann

The great difficulties of describing adequately the work of the
mathematical group are obvious. Apart from being a highly technical and
finely differentiated science, mathematics is among other things a language
differing no little in its words, considerably in its grammar, and absolute-
ly in its syntax, from any other language used by men. And from its very

§

nature -~ in fact this is the main reason why mathematical language was in-

vented ~=- its contents cannot be translated into any other language. It
is only fair to expect that any attempt to describe the contents of mathe-
matical research cannot convey essentially more of the essence of the sub-
Ject than would an attempt to describe the "contents" of a Chinese poem.

The only thing one may reasonably try to describe is the general
tendency and purpose of such research, and the spirit, the atmosphere, in
which it is undertaken.

One must realize, above all, that there is a very particular double\
character which pervades all mathematical work. It is perfectly true that
mathematics has practical applications. These are sometimes very indirect -~
for exahple, applications to mathematical physics, which in turn are justified
by applications to experimental physics, which in turn &re justified
by applications to engineering, etc. =- but they are applications nevertheless.
It is even true that much, if not most, of the best mathematical inspiration

i has been directly or indirectly derived from "applied" problems. Neverthe-

.less most mathematical research is usually undertaken withcut any regard to
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such applications, and it is strongly to be suspected that its quality could
only suffer if the mathematician kept the applications constantly in mind.
As matters stand, they sometimes never enter his mind, and it is by no means
established that this is always a loss. It is very difficult to do justice,
in any finite number of words, to this situation and to all its nuances, but
it is necessary to keep it in mind when visualizing the nature of mathematical
research.

Thus when dealing with mathematics it is probably more useful to

Judge it by the same standards by which a creative art is judged,- that is, by

S

esthetic standards. The esthetic angle may escape the layman who does not
speak the "foreign language" in which the intellectual effort goes on. It

may also seem strangely disconnected with the application which may ultimately
be made of mathematical results. But it is there nevertheless, and ignoring it
would lead to a complete misunderstanding of mathematics.

The above indications give probably a less complete picture than some
lines written by Dr. Abraham Flexner in "I Remember", which were intended to
convey an idea of the purpose and nature of the Institute for Advanced Study,
but their wvalidity applies to the study of mathematics. Dr. Flexner writes
as follows:

"The Institute for Advanced Study was intended, by reason of its

constitution and conception, to be mainly a research institute. From
an unknown source I quote the following:

The deepest joy in life is to be creative. To find an unde-
veloped situation, to see the possibilities, to identify yourself with
something worth while doing, put yourself into it, and stand for it ——
that is a satisfaction in comparison with which superficial pleasures

are trivial."

Referring to teaching:
"Persons who require to be drilled or taught hard do not belong within
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the Institute for Advanced Study., The level of the teaching and its
form mark it off sharply from college teaching, from most university
teaching, from technological or professional teaching. This granted,
the professor himself benefits, if for an hour or two weekly, in addi-
tion to his own research and the supervision of a few investigations,
he discusses a larger theme with a small, thoroughly competent, body.
He is thus assisted in preserving his own perspective, and he has 2
stimulus to wide reading and broader contacts."

With reference to scholars in the Imstitute:

"These men presumably know their own minds; they have their own in~
dividual ways; the men who have, throughout human history, meant most
to themselves and to human progress have usually followed their own
inner light; no organizer, no administrator, no institution can do
more than furnish conditions favorable to the restless prowling of an
enlightened and informed human spirit, seeking its intellectual and
spiritual prey. Standardization, organization, making trifles seem
important, do not aid: they are simply irksome and wasteful."

The members of the School of lMathematics believe in these prin-
ciples so clearly stated by Dr. Flexner, and as far as they are able have
endeavored to embody them in their research and in their contacts with fel-

low scholars. We are concerned with the foundations of mathematics and

/

lealy ™ mathematical physics, with the discovery and development of those principles
élu!;
4 of mathematics which will give deeper harmony to mathematics as an art, and
s, |
My~ | greater power as a science. It is true that some of us are concerned at

the moment with important applications of mathematics to ballistics, avia-
tion, and other aspects of engineering. We regard these activities as tem~
porary,~ although inevitable and necessary as the need to live. The long-
term conception of our true functions would relegate these diversions to a
secondary placee The order in the world which we desire and the peace which
we seek, will make technological studies the servant and not the master of our
2 lives. The path to knowledge for its own sake will still be open, the cre-
ative artist or scientist will still be free, and objective truth will still

be revered,
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The limitation of the value of any specific statement of the contents
of mathematical research should be clear’from what was said above., It may
nevertheless be useful to apperd descriptions of the work of the permanent
members of the Institute as they see it:

—
James W. Alexander

For the last years Alexander has been working on a presentation of
topology from an algebraic=—combinatorial point of view. The entire develop-
ment of topology in the last decade seems to indicate that an important task
of generalization and unification can and must be performed in this direction.
Work is progressing and it is hoped that eventually a @ombinatory analogue
will be developed to tensor theory, which will be applicable to an arbitrary
topological space. Certain recent developments in connectivity theory seem
to indicate that the desired theory is just around the corner.

Albert Einstein

Einstein has for the last fifteen years worked on a unification of
the theories of relativity and gravitation. This is to be achieved in the
form of a general field theory as much as possible in the spirit of the exist-
ing general theory of relativity. It is hoped to reach thereby a new under-
standing of various phenomena which so far could be described only on an en-
tirely different basis,- in the first place, of the quantum phenomena and of
the electric nature of elementary particles. Many geometrical and field=-
theoretical avenues had to be explored, and while the work is not completed
the results obtained so far indicate interesting possibilities. In the last

years the collaboration of his assistants, Drs. Bergmann and Bargmsnn, has
proved valuable.
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Margton lorse

Horse had devoted the major part of the lagt ten years to the de-
velopment of & "variational theory in the large". This theory originated °
largely with him although built on the ancient subject of the caloulus of 3",., 'io '?’:‘

variations., The prineipal difficulties and major objectives for the the- Pr5q

AAW
ory of simple integrals were developed at Harvard prior to his coming 0 9 e
R :
Princeton, and were published in his Colloquium Lectures before the Ameri- bif:?‘-a

-

can Mathematical Society. After coming to Princeton the theory was put on ?’;"“"ws
a somewhat more abstract basis preparatory to attempting the very difficult “*»;«.\ Ay
extension to multiple integrals, In the last few years this extension has = °
been achieved. The resulis obtained have recently been confirmed in part
by others, working independently or in collaboration with Morse. The gen~
eral understanding of the scope of the theory was greatly emhanced by the
publication of a book on the subject by two Uermen authors shortly before
the war., This book consists of expositions of the simpler parte of Morse's
| papers on the subject prior to 1957, Papers in press include three papers
" urithen Jeintly by Merse and Charles Tospiing of Prinesten University.
Morse has alse collaborated with Professor Hedlund of the Univer—
gity of Virginia in giving a proof of new conditions for topological transi-
tivity, and is engaged at the moment in writing a joint paper with Gearge
Bwing, one of the professors visiting the Institube this year.
liorse wag recently elected President of the American Mathematical
Society. About a year ago he organised and has since directed the work of
the War Preparedness Committee of the American Mathematical Society and the
Mathematical Association of America, These societies have a Joinl member-
ship of =more than 5000 mathematicians. This Committee has various subcom=
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mittees dealing with questions of technical aid to the Army or Navy, with
secondary school education in its bearing on national defense, with the
proper use of draftees possessing scientific qualifications. A recently
added subcommittee will investigate the supply of and demand for applied

mathematicians and teachers in relation to t he national defense.*

John von Neumann

In the last years von Neumann's interest in mathematics proper has
been mainly in the theory of functional operators and the theory of integra-
tion in groups. The former subject is closely connected with quantum mechan-
ics, i.e. the form of atomic physics developed since 1926. But it also has
bearing on various disciplines in pure mathematics, in particular on group
theory, algebra, and the theory of higher spaces. He has also worked on
the logical and philosophical implications of the indeterministic point of
view necessitated by modern quantum physics. Partly in collaboration with
Garrett Birkhoff of Harvard, a system of logic based purely on probability
and modifying some of the traditional postulates of logic has been developed.
It is hoped that this system will be found to do fuller justice to the em—
pirical situation which the new atomic theory has disclosed. In the course
of the last year he has also taken up again and continued earlier work on
various questions in mathematical economics, in particular in connection with
the mathematical theory of production and of the "oligopoly" which is closely
connected with the theory of games.

Professors Lefschetz, Bohnenblust and von Neumann form the editorial
board of the Annals of Mathematics. Von Neumann is also co-editor of two in-

ternational journals. Outside of purely mathematical research, he is engaged

# For further details see "Mathematics in the defense program", The Mathematics
Teacher, May 1941. A copy is appended,
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in some projects of national defense: chief consultant on ballistics of the
War Preparedness Committee of the American Mathematical Society and the Math-
ematical Association of America, member of the Scientific Advisory Board of the
Ballistic Research Laboratory at Aberdeen Proving Ground, and consultant to one
of the sections of the National Defense Research Committee now part of the
Office of Scientific Research and Development.

In his scientific work von Neumann has been closely collaborating
with Professors Francis J. Murray of Columbia and Garrett Birkhoff of Harvard,
and at Princeton with Drs. Ambrose and Halmos and Professor Kakutani of Osaka.
He has been joined in his defense research work by Professor William W. Flexner
of Cornell, who is in Princeton for this summer.

Oswald Veblen

Veblen has been working for several years on a book which will
probably be called "Spinors in Projective Geometry", in which an attempt
will be made to do justice to the various branches of algebra and geometry as
well as theoretical physics, which combine to form this particular body of
doctrine., He is collaborating with Dr. Givens and Professor Taub, who were

his assistants at the time the work started. Professor Taub returned to the

" Institute for this year from the University of Washington at Seattle, where

he has a permanent position, in order to make this collaboration more effective
by personal contact. For the same purpose, both Taub and Givens (until now

at Cornell University, but going to Northwestern) are working with Veblen

this summer, and there is good reason to expect that the book will be actually
finished by fall, Several other men, as van Stockum (now at Baltimore) and
deWet (now at Cape Town) have worked with Veblen's group on this subject, and

particularly on its applications to theoretical physics. In accordance with
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the general policy of the Institute, all of these men are mature scientists
rather than beginners. They came from widely separated parts of the world.
Presumably this bringing together of such men to work on a common program
for a while and then depart to their several stations with renewed enthusiasm,
is about as much as the Institute can profitably attempt to do in mathematics.
During the last two years Veblen has devoted a good deal of ef-
fort of one sort or another to the founding of the “Mathematicai Reviews",
This must of course be considered as completely extra curricular. It is
particularly fortunate that it was possible to locate this journmal (which,
. like all journals, is an auxiliary to scientific work and not to be confused
éwith sc?entific work itself) at another place than Princeton.

Hermann Weyl

Although Weyl cannot and should not be pinned down as an algebraist
only, his major interest in the last years has been in that field, and he has
made it a particular subject of his endeavor to see that the two important
disciplines of algebra and group theory are adequately represented in the
School of Mathematics. He has also attempted to brezk the ground for number
theory, a branch of mathematics which does not seem to have met so far with
as much interest in this country as it deserves. A book on "The Classical
Groups, Their Invariants and Representations", the first in the "“Princeton
Mathematical Series", for which he enjoyed the close cooperation of such
gifted assistants as Richard Brauer and Alfred H. Clifford, and the opening
volume of the "Annals of Mathematics Studies", on "Algebraic Theory of Num-
bers", are fruits of his endeavors in this direction. During the present

year the theory of reduction under arithmetical equivalence has received much
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attention because Siegel has just arrived at a wealth of new profound results
concerning these problems, Gordon Pall (who came to the Institute as a Guggen-
heim Fellow) is writing a book on the subject, and some of Weyl's own latest
research has been in this field.

Weyl considers an important part of his mathematical activities to
be a seminar on current literature, which thie year he continued jointly with
Professor Chevalley of Princeton University. The idea is to have the members
of the seminar report on recent papers of outstanding interest, and thus to

counteract the dangerous tendency toward a too-narrow specialization, by cover-

g ing in the same seminar all fields of mathematics. Next term Weyl hopes to

be able to do something in the direction of applied mathematics, particularly
in hydro- and aero-dynamics. _

The building up of our new mathematical library has required much
of Weyl's attention during the last year. He believes we can be justly
proud of what has so far been accomplished under difficult circumstances.

The credit for it should go to Weyl's present assistant, Alfred Brauer, who

is an expert librarian in the field of mathematics and has given as much of
his time and energy to this job as he could give without unduly neglecting his
own research work.,

For years Weyl has been busy with helping European mathematical
refugees, either directly, or through correspondence with the Friends Ser-
vice Committee and other interested scientistsand committees. During the
last months he has given considerable time to his job as co-editor of the

American Journal of Mathematics.

The picture of work going on in itute would be utterly in-
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Walter Mayer

While still in Vienna lMayer did significant work in topology with
particular reference to its group-theoretic aspects. He has continued his
work in this field while at the Institute. Mayer has the greatest interest in
simplifying the foundations of various branches of mathematics. Because of
this interest he has given expository courses in topology, differential geometry,
and the calculus of variations. Through such courses he sometimes reaches
students who would not be reached by more ambitious courses. Professor Alan
D. Campbell of Syracuse is an example of a worker at the Institute who has
been stimulated by Mayer and has collaborated with him. His interests have
been reflected in a number of papers in the last years.

e s a2 @ e

The picture of work going on in the Institute would be utterly in-
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complete if the work of the temporary members were not referred to. It will
not be attempted, however, to give here a detailed elaboration like the above.
This omission should, of course, not be taken at all as a judgment of value or
importance. It is merely that such a compilation would be technically dif-
ficult, and the main tendencies represented in the Institute are probably in-
dicated essentially by the above. It should be said, however, that among the
temporary members of the Institute are absolute leaders in their fields, whose
recent work has been of exceptional importance: |
Kurt G8del

He established a decade ago the impossibility of certain proofs in
logic and =- for the first time in the history of mathematics =- the impossi-
bility of deciding certain problems in arithmetic and analysis. In the last
years he found the (negative) solution of the famous "continuum problem" which
had resisted all efforts for over forty years.

Carl L. Siegel

He had previously done outstanding work in the analytic theory of
numbers and the theory of quadratic forms, which he has continued and extend-
ed during his stay at the Institute. Recently he has also made important
contributions to celestial mechanics.

Some statistics concerning the temporary members who participated in

the work of the School of liathematics are appended.
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REPORT ON SCHOOL OF MATHEMATICS

by

Marston Morse and John von Neumann

The great difficulties of describing adequately the
work of the mathematical group are obvious. Apart from being
a highly technical and fingly differentiated science, mathe-
matics is among other things a language differing no little in
its words, considerably in its grammar, and absolutely in its
syntax, from any other language used by men. And from its very
nature - in fact this is the main reason why mathematical language
was invented - its contents cannot be translated into any other
1anguage. It is only fair to expect that any attempt to describe
the contents of mathematical research cannot convey essentially
more of the essence of the subject than would an attempt to
describe the "contents" of a Chinese poem.

The only thing one may reasonably try to describe is the
generzl tendency and purpose of such research, and the spirit,
the atmosphere, in which it is undertaken.

One must realize, above all, that there is a very particu-
lar double character which pervades all mathematical work. It
is perfectly true that mathematics has practical applications.
These are sometimes very indirect - for example, applications to
mathematical physics, which in turn are justified by applications
to experimental physics, which in turn are justified by applica-
tions to engineering, etc. - but they are applications nevertheless.

It is even true that much, if not most, of the best mathematical
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inspiration has been directly or indirectly derived from "applied®
problems. Nevertheless most mathematical research isusually
undertaken without any regard to such applications, and it is
strongly to be suépected that its quality could only suffer if
the mathematician kept the applications constantly in mind. As
métters stand, they sometimes never enter his mind, and it is

by no means established that this is always a loss. It 1is very
difficult to do justice,’in any finite number of words, to this
situation and to all its nuances, but it is necessary_to keep

it in mind when visualizing the nature of mathematical research.

Thus when dealing with mathematics it is probably more
uéeful to judge it by the same standards by which a creative
art is judged, —vthat is, by esthetic standards. The esthetic
angle may escape the layman who does not speak the "foreign
language" in which the intellectual effort goes on. It may
also seem strangely disconnected with the application which may
ultimaely be made of mathematical results. But it is there
nevertheless, and ignoring it would lead to a complete misunder-
standing of mathematics.

The above indications give probably a less complete picture
than some lines written by Dr. Abraham Flexner in "I Remember,"
which were intended to convey an idea of the purpose and nature
of the Institute for Advanced Study, but their validity applies
to the study of mathematics. Dr. Flexner writes as follows:

"The Institute for Advinced Study was intended, by

reason of its constitution and conception, to be mainly

a research institute. From an unknown source I quote
the following:
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'The deepest joy in life is to be creative. To
find an undeveloped situation, to see the possibilities,
to identify yourself with something worth while doing,
put yourself into it, and stand for it - that is a
satisfaction in comparison with which superficial
pleasures are trivial.'"®

Referring to teaching:

"Persons who recuire to be drilled or taught hard
do not belong within the Institute for Advanced Study.
The level of the teaching and its form mark it off
sharply from college teaching, from most university
teaching, from technological or professional teaching.
This granted, the professor himself benefits, if for
an hour or two weekly, in addition to his own research
and the supervision of a few investigations, he dis-
cusses a larger theme with a small, thoroughly competent,
body. He is thus assisted in preserving his own perspec-
tive, and he has a stimulus to wide reading and broader
contacts."

With reference to scholars in the Institute:

"These men presumably know their own minds; they have

their own individual ways; the men who have, throughout

human history, meant most to themselves and to human
progress have usually followed their own inner light;

no organizer, no administrator, no institution can do

more than furnish conditions favorable to the restless

prowling of an enlightened and informed human spirit,
seeking its intellectual and spiritual prey. Standardi-
zation, org nization, making trifles seem important, do
not aid: they are simply irksome and wasteful."

The members of the School of Mathematics believe in
these principles so clearly stated by Dr. Flexner, and as far as
they are able have endeavored to embody them in their research and
in their contacts with fellow scholars. We are concerned with
the foundations of mathematics and mathematical physies, with
the discovery and development of those principles of mathematics
which will give deeper harmony to mathematics as an art, and

greater power as a science. It is true that some of us are concerned

at the moment with important applicaions of mathematics to ballistics,
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aviation, and other aspects of engineering. We regard these
activities as temporary, - although inevitable and necessary

as the need to live. The long-term conception of our true
functions would relegate these diversions to a secondary place.
The order in the world which we desire and the peace which we
seek, will make tehnological studies the servant and not the
master of our lives. The path to knowledge for its own sake
will still be open, the creative artist or scientist will still
be free,'and objective truth will still be revered.

The limitation of the value of any specific statement
of the contents of mathematical research should be clear from
what was said above. It may nevertheless be useful to append
descriptions of the work of the bermanent members of the Insti-
tute as they see it:

Walter Mayer

While still in Vienna Mayer did significant work in
topology with particular reference to its group-theoretic aspects.
He has continued his work in this field while at the Institute.
Mayer has the greatest interest in simplifying the foundations of
various branches of mathematics. Because of this interest he
has given expository courses in topology, differential geometry,
and the calculus of variations. Through such courses he some-
times reaches students who would not be reached by more ambitious
courses. Professor Alan D. Campbell of Syracuse is an example
of a worker at the Institute who has been stimulated by Mayer
and has collaborated with him. His interests have been reflected

in a number of papers in the last years.
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The picture of work going on in the Institute would be
utterl& incomplete if the work of the temporary members were
not referred to. It will not be attempted, however, to give
here a detailed elaboration like the above. This omission
should, of course, not be taken at all as a Judgment of value
or importance. It is merely that such a compilation would be
technically difficult, and the main tendencies represented
in the Institute 'are probably indicated essentially by the
above. It should be said, however, that among the temporary
members of the Institute are absolute leaders in their fields,
whose recent work has been of exceptional importance:

Kurt GBdel

He established a decade ago the impossibility of certain
proofs in logic and - for the first time in the history of mathe-
matics - the impossibility of deciding certain problems in
arithmetic and analysis. In the last years he found the (negative)
solution of the famous "continuum problem" which had resisted all
efforts for over forty years.

Carl L. Siegel

He had previously done outstanding work in the analytic
theory of numbers and the theory of qguadratic forms, which he has
continued and extended during his stay at the Institute. Recently
he has also made important contributions to celestial mechanics.

Some statistics concerning the temporary members who

participated in the work of the School of Mathematics are appended.
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The greatest need of the Institute in its relation to
mathematics is an increase of funds for stipends to workers.

The total amount available each year for this purpose is now
considerably less than the amount available during the first
years of the Institute. An examination of the table on the
following pages shows that the number of candidates for stipends
has remained sensibly constant (excepting next year for obvious
reasons) , while the number of those receiving stipends from the
Institute in mathematics has diminished from 25 and 21 in 1935-36
and 1936-37 to 11 and 9 respectively in 1940-41 and 1941-42.

That the Institute's aid to workers in mathematics is
appreciated by the mathematical world at large is shown by the
remarkable degree of collaboration which exists between its
professors of mathemetics and visiting scholars. Moreover,
outside foundations have indicated their approval of work here
by increasing their aid to men proposing to work in mathematics
until the number of those aided by the foundations next year, for
the first time, will equal those aided by the Institute. However,
the number of mathematical scholars of established reputations who
would like to work at the Institute, but who are prevented by
financial reasons, remains deplorably large.

The need for greater stipend funds is heightened by the
necessity of restoring young men now in the draft zrmy to their
rightful places in the scientific world. Some of these young men
were starting on promising careers in mathematics. They will

return with a keener and more realistic appreciation of science.
A year of study at the Institute would serve to remove the fee;ing
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that they have been handicapped and enable them to continue

their work with even greater vigor and enthusiasm.
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JAMES W. ALEXANDER

is writing a book on topology. For the last one or two decades

Princeton and Moscow have been the centers of topology, Princeton mainly

o )

through the work of Lefschetz and Alexander. The classical scheme for the
topological analysis of the continuum is based on dissection into elements deformable
into spheres. The resulting "complex" is accessible to purely algebraic
combinatorial methods. Although this theory is satisfactory in itself, its
application to the many forms under which continua appear in mathematics and

physics, is often very cumbersome. During the last years Alexander has worked

incessantly on a new much more flexible scheme for topology. He has now brought

this work to a successful conclusion.

April 5, 1943
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ALBERT EINSTEIN

wrote a joint paper with Professor Pauli in which they prove that

under certain restrictions there is no solution of Einstein's classical equa-
tions for the gravitational field without singularities. This is important

because otherwise such a field could exist without being generated by masses.
But Einstein's main endeavor was, as it has been during the last twenty years,

directed toward the unification.of electromagnetism and gravitation, the two

primary forces of nature. The gap between facts and theory is so wide here

that the facts give practically no hint how to proceed in building up an ade-

quate theory; the existing field theories, and a sense of mathematical harmony

are the only guides. If a theoretical possibility seems to hold out some promise,
the working out of its consequences to the point where they can be confronted

with facpual experience is a difficult and laborious mathematical task. In

this way Professor Einstein has developed,and afterwards given up, a qumberwgf
theories. This work has been by no means in vain, because it has definitely
[—

excluded possibilities which sooner or later had to be examined. He is now

following a new promising and highly interesting approach by which he hopes

not only to unify gravitation and electromagnetism, but also to account for the
discontinuous structure of matter; but whether it will lead to the goal he

cannot yet say. If anybody has earned the right to attack such a long-fange

problem, and if anybody has a chance to find its solution at the present state

S

of physics, it is of course Professor Einstein.
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VALENTIN BARGMANN (Ph.D. Univ. Z8rich 1936), arrived N.Y.C. June 23/37 with visa
from Kaunas, Lithuania, and has been at IAS ever since: stipends 1937-40; Asst.
to Prof, Einstein 1940-

finished an important paper on the representations of the Lorentz

group; it answers the question what kind of physical quantities are possible
in quantum mechanics that satisfy the postulates of special relativity. (This
work was inspired by Prof, Pauli.) loreover Dr. Bargmann assisted Prof. Ein-

e
stein in working out Einstein's(f§§§ of unified field theory.

April 6, 1943
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THE INSTITUTE FOR ADVANCED STUDY
SCHOOL OF MATHEMATICS
PRINCETON, NEW JERSEY

April 5, 1943
Dear Doctor Aydelotte:

This letter is in response to your call for a report on current work of
members of the Institute. As you know, I have been working off and on for the
last two years for the N.D.R.C., and more recently, since November, for the Ord-
nance Department in the Army spending four or five days a week in Washington.

In spite of this diversion, by working night and day I have been able to carry on

some of my researches in pure mathematics.

Two papers by me came out last year. This year there will appear EE:SE
papers beginning a fascinating program which I hope will culminate during my life.
I have good reasons to believe that the planetary orbits exist for topological

causes. That is, the possible closed paths which a planet might follow form a
kind of space so twisted and tied up that the planets have no way of escaping ex-
cept by forming closed orbits. The second and third of these papers, on which
Ewing collaborated with me after he left here, will appear this spring in the
Annals of Mathematics. My colleagues here are largely unaware of these develop-
ments partly because they are outside their fields and partly because I have not
had the chance to talk about them here. I am thinking about this work nights and
on trains. ’

Dr. William R. Transue [Ph.D. Lehigh 1941; fellowship from Inst.Internatl.
Ed. 1935-6 for study at Univ.Bordeaux; Asst. Yale 1936-7, Lehigh 1937-42; Asst. to
Prof. Morse 1942-3, resigned Mar.l/43 for work with[ﬁrof. Morse in Technical Division
of Office of Chief of Ordnance, U.S.Army)], who was my assistant for six months, began
an intensive study of elasticity and related problems. We had two things in mind,-
to help Adams of the Geophysical Laboratory,and to relate the vibration theory to my
own worke The first objective was realized and the second will be realized sometime
later. Transue is now Junior Physicist in the Ordnance Department, doing valuable

work.

As you know, I have been loath to leave my own research here for war work.
I recently declined to represent mathematics at Washington with the Man Power Com—
mission. My present task involves scientific investigations for which no one else
is properly available. While this work is not likely to stand out through the years

as does pure research, I cannot in good conscience refuse to do it., It does require
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Dr. Frank Aydelotte - 2 April 5, 1943

originality and judgment, which arenot available in anything like the degree needed.
I have now finished my sixth published report for the Ordnance Department. One of
these reports is of real scientific value involving a new and systematic analysis

of bomb fragmentation and power. Another report is being distributed (1000 copies)
to the aviation headquarters in England. If this work ever becomes mediocre or in-
effective I shall quit it at once. At the present time I have drawn up the princi-
pal plans for a $100,000 bomb experiment program at Aberdeen and the modes of anal-
ysis exist unfortunately only in my head. I am grateful to the Institute for the
generous and patriotic attitude they have taken in making it possible for me to do
this work. They are making a sacrifice. I too am making a heavy sacrifice in
being away from my family, and in existing as one must in Washington. I believe
the need and the results justify this.

Sincerely yours,
i P '

TS
Marston Morse ‘i;

Dre. Frank Aydelotte
MM:GB
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OSWALD VEBLEN

has continued work on his book on spinors, which has occupied him and

a number of collaborators for the last years. The manuscript is now nearing
T R i BN
completion. Spinors are a new sort of geometric quantities which first showed

up in quantum physics, and there account for the fundamental difference between

a spinning gleg?rpn and a spinning top. The notion has its purely algebraic and

geometric side, and Veblen's book is devoted to developlng the theorfes of spinors

in detail by direct geometric methods and 1ncorpora€:;:organically into the whole

of geometry.

o,

Dol fursirl~

April 5, 1943
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JOEN VON NEUMANN - & gl - v (oY

is a man who never seems to be satisfied with one job only. While

working for the Navy in Washington and for the Army at Aberdeen Proving Ground,
and the N.D.R.C., he also completed several papers on pure mathematics and

wrote a book on mathematical economics with Professor Oskar Morgenstern. The

o s

most important of his recent papers -- among them one large paper written
jointly with Professor Francis J. Murray, who in previous years had worked under
von Neumarm at the Institute -- deal with so-called rings of linear operators

IR kB 1 T b ot 575 NI AL LR

in Hilbert space. These investigations had their origin in the formalism of

quantum mechanies, and have occupied von Neumann for more than ten years. The
corresponding theory for spaces of finite dimensionality constitutes one of the
most beautiful and fruitful parts of modern algebra. Naturally the situation
in spaces of infinitely many dimensions is more complicated. Two other papers
written by von Neumann jointly with S. Chandrasekhar, and recently published,
investigate the statistics of the gravitational field arising from a random dis-

I

tribution of stars.' A great enterprise is the book by von Neumann and Morgsg-

stern on mathematical ecopomics. The science of physics owes its great success

in the last three centuries to Galileo's method of isolating simple phenomena

accessible to mathematical analysis in terms of a number of wvariable parameters.

The analysis leads to universal laws which ultimately make it possible to under-
stand even the most complicated phenomena. Von Neumann and Morgenstern attempt

to apply a similar method to economics., They axiomatize the economic process

under the scheme of an association game. Such a game consists of a series of

moves the outcome of each of which is determined either by chance according to

certain a priori probabilities, or by an act of one of the players based on a
Does the series

knowledge of the outcome of certain (previous) moves. f?ach(player facesthe

of events take a uniquely determined course if every player acts according
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-problem-howto~act to his own best advantage Z The theoretical solution of

such problems depends on a branch of algebra and _geometry of whlch comparatlvely

e ey AN

little is known, and which von Neumarm had to develop for thls _purpose. It may

oA AR S e R R AN

7
be that for.future theoretical economics this book will play a role similar to that
Gaef
played by Galileo's Discorsi delle nuovecienze for mechanics g physics.
A;/J m;‘i‘l,r & so 1o % 1-4, v ,‘/v_;_ ,,"!"" T O v“‘f o 4 & ',"'L »v:,/g)» ™ 3.:.;&,. f ™

April 6, 1943
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Theory of Games

and its application to Economics znd Sociology.

by

John wvon Neumann
and

Oskar HMorgenstern

The book is going to the printer within the next lo days.
The MS has app. loSo pp. It has 12 Chapters, lo3 graphs and Figutes.

It may be a volume of app. 650 printed pages or more.

Apsel 41943
(laed Fregets
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Preface.

: This book contaians an exposition and various spplications of a
g mathematical theory of games. The theory has been developed by one of us

f
since 1928 and is now published for the first time in its entirety. The

AR AN A

{ applications are of two kinds: On the one hand to games in the proper sense,
§ on the other hand to economic and sociologic problems which, as we hope to
show, are best approached from this direction.

The applications which we shall mske to games serve at least as
: much to corroborate the theory as to investigate these games. The nature of
this reciprocal relationship will become clear as the investigation proceeds.

Qur major interest is, of course, in the economic and sociological direction.

Here we can approasch only the simplest questions. However, these questions

PO
NS ———

% are of a fundamental character. Furbhermore our alm is primarily to show
that there is a rigorous approsch to these subjects, involving, as they do,
questions of parallaél or opposite interest, perfect or imperfect information,

i
% free rationel decision or chance influecnes.

Princeton, N.J.

Jenurary 1943, John von Neumann

Oskar Morgenstern

Technical Note:
The neture of the problems investigated and the techniques em-
ployed in this book necessitate a procedure which in many instances is
thoroughly mathemeticzl, The mathematical devices used are elementary in

the sense that no advanced algebra, or calculus etc. occurs. (With one ex-
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ception: Part of the discussion of an example in 19.7. et sequ. makes use
of a simple integral.) Concepts or&ginating in set theory, linear geometry
and group theory play an important role, but they are invariably taken from
the early chapters of those disciplines and ere moreover snelyzed and ex-
plained in special expositidry sections. Nevertheless the book is not truly
elementary because th€® mathematicel deductions are frequently intricate and
the logical possibilities are extensively exploited.

Thus no specific knowledge of any particular body of advanced
mathematics is required. Hoewever the reader who wants to acgusint himself
more thoroughly with the subject expounded here will have to familiarize him-
self with the mathematical way of reasoning definitely beyond its routine,
primitive pheses. The character of the procedures will be mostly that of
mathematical logics, set theory and functional snalysis.

Tie have attempted to present the subject in such a form that a
reader who is moderately versed in mathemetics can acquire the necessary prac-
tice in the course of this study. We hope that we have not entirely failed
in this endeavour,

. In sccordance with this, the presentation is not what it would be
in a strictly mathematical treatise. All definitions and deductions are con-
siderably broader than they would be there. Besides, purely verbal discussions
and abeslyses take up a considersble amount of spece. We have, in particular,
tried to give, whenever possible, a parallel, verbal exposition for every magor
mathematical deduction. It is hoped that this procédure will elucidate in
unmathematical langugage what the mathematical technique signifies —— and will
also show where it achieves more than can be done without it. In this,as well
as in our methodological st¥and, we are trying to follow the best exaﬁples of

theoretical physics.
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The purpose of this book is to present a discussion
of some fundamental questions of economic theory which require
a treatment different from that which they have found thusgs far
in the literature. The analysis is concerned with some basic
problems arising from a study of economic behavior which have
been the center of attention of economists for a long time.

They have their origin in the attempts to find an exact descrip-
tion of the endeavor of the individual to obtain a maximum of
utility, or, in the case of the entrepreneur, a maximum of profit,
It is well known what considerable -- and in fact unsurmounted --
difficulties this task involves given even a limited number of
typical situations, as, for example, in the case of the exchange
of goods, direct or indirect, between two or more persons, of
bilateral monopoly, of duopoly, or oligopoly, and of free
competition, It will be made clear that the structure of these
problems, familiar to every student of economics, is in many
respects quite different from the way in which they are concégéed
at the present time. It will appear, furthermore, that their exact
positing and subseguent solution can only be achieved with the

aid of mathematical methods which diverge considerably from the
techniques applied by older or by contemporary mathematical
econonists.

Our considerations will lead to the application of the
mathematical theory of "games of strategy™ developed by one of the
authors in several successive stages in 1928 and 1940-1942. After
the presentatiop of this theory, its application to economiec

problems in the sense indicated above will be undertzken. It will
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appear that it provides a new approach to a number of economic
gquestions as yet unsettled,

We shall first have to find in which way this theory
of games can be brought into relationship with economie theory,
end what their common elements are. This can be done best by
stating briefly the nature of some fundamental economic theorems
so that the common elements will be seen clearly. It will then
become apparent that there is not only nothing artificial in
establishing this relationship but that on the contrary this
theory of games of strategy is the proper instrument with which
to develop a theory of economic behavior,

One would misunderstand the intent of our discussions
by interpreting them as merely pointing out an analogy between
these two spheres. We hope to establish satisfactorily, after
developing a few plausible schematizations, that the typical
problems of economic behavior become strictly identical with the

mathemat ical notions of suitable games of strategy.
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HERMANN WEYL y'a

proved a basic theorem on harmonic integrals. In 1941 Hodge in

England published a book on this subject, the fruit of fifteen years labor,
which aroused widespread interest in the mathematical world. Last year

Professor Chevalley of Princeton University conducted a full year's seminar

in Fuld Hall on this book, with six professors and almost all the younger

mathematicians in Princeton attending; but in the middle of the second term

the seminar exploded because it was discovered that the proof of the central
RN

satiseangratisnl

ANt S

theorem on which everything hinges was hopelessly wrong. But two months

later, Professor Weyl succeeded in finding the correct proof. During the

first term of the current year Weyl lggggﬁgizon meromorphic functions and

analytic curves. This course forms the basis of a monograph on the subject

which he has prepared jointly with his son Joachim, and the manuscript of

i I S

which has just been completed. Moreover Weyl conducted a seminar in which

oA, TP

the younger members of the School reported on their own research work;
AT

Siegel and Professor Chevalley attended.
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MISS AUDREY WISHARD (MRS. BROCKWAY McMILLAN)

(Ph.D. Radcliffe 1938) - Grad. Fellowships at Radcliffe 1935-8;
Instr. Vassar 1938-42; Asst. to Prof. Weyl 1942- resigned Mar.,l/43 for research
on fire control instruments in Princeton Surveys statistical office)

came to the Institute from Vassar College where she held an Instructor-
ship, and married a Princeton mathematician, Dr. Brockway McMillan. She acted
as Prof. Weyl's assistant until March 1, when she resigned in order to devote
her whole time to essential war work in the Princeton Surveys statistical office.
Her field, analytic theory of functions, along the lines of the great Finnish

v

school of Lindelaﬂ;z;igLEIBEEIyiéIéted‘ﬁa the subject of analytic curves with
which Prof. Weyl was occupied; thus she could render him very valuable assistance.

During the year she published one and finished another paper on analytic functions.

April 5, 1943,
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WALTHER MAYER

also works in topology. He has pursued his way independently of

IR,

both Lefschetz and Alexander. His point of departure is the classical scheme

v S TSR

of complexes, and he endeavors to isolate the purely algebraic aspect. Last

P

year he discovered in this way some new topological invariants, and during this

year his research has made further headway but has not yet reached a definite

goal.

April 5, 1943
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KURT GODEL
had visited the Institute several times before (full year 1933-34,

first term 1935-36, first term 1938-39) and has now been with us continuously

EARESAI NS

since March 1940. Mathematical logic and the foundations of mathematics are

AN S

his fields, wherein he occupies a unique position. Since the Greeks, mathe-

maticians have attempted to base their science on axioms, so that once these
axioms are admitted everything proceeds by pure reasoning and no uncertainties
and doubts can creep in. As a matter of fact the axioms have to be formulated
in symbols rather than language, and the reasoning is done by manipulating such
formulas according to definite rules. But G8del shook the belief that reason
can ever be completely axiomatized, by showing that whatever axioms you start
with, there are always evidently true number-theoretic propositions which you
cannot prove on their basis. From these more or less artificial examples of
undemonstrable propositions constructed ad hoc, he has now proceeded to inves-

tigate a controversial principle, the so-called axiom of choice, on which de-

pends much of modern set-theory and analysis. After proving that this prin-

ciple is not in contradiction to the other axioms of mathematics, he has now

nearly completed the proof of its independence. But he interrupted this study

in order to write an account of Bertrand Russell's work in mathematical logic
for the collection, "Living Philosophers®. The critical analysis of Russell's
epoch-making "Principia Mathematica", published some forty years ago, and the
subsequent development by the outstanding modern logician, will undoubtedly

be of great interest. The manuscript is about completed.

April 3, 1943
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CHARLES LUDWIG SIEGEL
who had been with the Institute before, in 1935, succeeded in getting
s
out of Germany via Demmark and Norway the last minute before the Nazi invasion

of Norway. He is living through a particularly productive period of his mathe-

matical career. Two papers of his on stability of analytic mappings, which

straddle the fields of mechanics (in particular celestial mechanics) and func-
tion theory, have just been published. He has continued, and is still continu-

ing, his research on fundameatal domaiqgwfgrwggithmetically definggwggg&ps,

A D

their volumes, and the corresponding automorphic functions. For the special
group of linear transformations with integral coefficients this subject has been

of central importance in the theory of numbers for the whole last century, and

Chiios Fteial iy »
for &ts—purpese the great mathematician Minkowski more than forty years ago cre-

ated the so-called geometry of numbers. Siegel has gone far beyond Minkowski.
As a matter of fact, after Siegel's work, all that has been done before looks
like a hill in a vast mountainous landscape. His latest paper in this field

is entitled "Symplectic Geometry", but it actually deals with problems on the

borderline of group, function and number theories, and opens up a very original
and promising approach to the unexploited domain of analytic functions of sev-
eral variables. He submitted the paper, in the form of a heautiful. handwritten
manuscript, to the American Journal of Mathematics, but the referee suggested
that we have a tyﬁ%}itten copy made for the printer in order to preserve the
original manuscript as a treasure in the library of the Institute for future

INSERT A
i generations to admire. Z It is probably not too much to say that if the School

I ¥

¥

gf of Mathematics had accomplished nothing in the ten years of its existence but

ff to enable Siegel to produce these works, it would have fully demonstrated its
{

! usefulness to the scientific world.

April 3, 1943
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Moreover Siegel made an interesting contribution to the study of the zeta
function, that analytic function on which depends our knowledge of the er-
ratic distribution of the prime numbers. (Riemann's conjecture about the
zeros of the zeta function, which has now challenged mathematicians for
nearly a century, remains still unproved, but Siegel's result throws some
light on this question.) Finally, Siegel succeeded in settling Waring's
problem for arbitrary algebraic number fields, a problem which had withstood
his efforts twenty years ago, forcing him at that time to limit himself to

quadratic fields; now he has won through.
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WOLFGANG PAULI

is working on the most mysterious of the several elementary particles

or waves discovered by atomic physics, the mesotron, which occupies an inter-
mediate position between the particles known for a long time,- electron and
proton on one hand, and the photon (i.e. light or electromagnetic field) on

the other hand. The experimental evidence concerning the mesotron comes from
G A USRS N

the study of cosmic rays and is scanty, but the mesotron plays an important
TR ——

&
part for the constitution of the atomic nuc%ki. Its law of motion is not
as well known as that of the electron and the light, and Professor Pauli has

pursued two different hypotheses concerning this law. 1In doing so he has col-

al.
laborated with sever‘iﬁunger physicists,- namely with Dr. Dancoff, who was at

the Institute last year; with Dr. Kusaka, who is with us now; with Dr.

o AT T

Bargmigﬁ, Einstein's assistant; and Dr. {2&22 of Princeton University. The=
oretiéél physics is at present in an awkward position. The theory of the
outer shell of electrons of the atom is practically complete; the experi-
mental evidence concerning the heavy nucleus far from being conclusive. But

there is no doubt that Pauli makes the best possible of this bad situation,

and that he and his collaborators are doing pioneer work of first importance.

Pauli also wrote a joint paper with Einstein concerning Einstein's

equations of the gravitational field, and a critical report for the Reviews of

Modern Physics on some new ideas by which Dirac hopes to overcome the difficul-
[y

ties connected with the quantization of the field equations of photon and

electron.

During both terms he has conducted a seminar in Fuld Hall on quantum

ORI

electrodynamics and meson theory.

[EPS——————

April 6, 1943
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IRVIN S. COHEN
(Ph.D. Hopkins 1942), Jr. Instructor in Math, at Hopkins 193%6-42, and
Instructor in Math., Night School for Technology 1939-42. Instructor at
Univ. of North Carolina since Jan.1/43)
got his degree at Johns Hopkins under Zariski. He stayed for the
first term only, and then resigned because he had received an appointment as

e T———

Instructor at the Un1ver51ty of North Carolina. His field is abstract algsbra,

in particular, the development of those highly intricate algebraic instruments
which the theory of algebraic surfaces necessitates. While working here he

found a number of surprlsing and profound results, and in Weyl's seminar he gave

i P o e

an exp051tion of his research which aroused unlversal admiration. Dr. Cohen

TisE AN Bttt

is a firstfggpgmmathematiclan, and it would be particularly desirable to have

him return to the Institute for a longer time after the war is over.

N ARG EET——

e

April 5, 1943
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SHUICHI KUSAKA (Ph.D. Univ. ggi%f. 1942) - held Grad.Scholarship 1937 (B.A./37)
at Univ.Brit,Columbia; Tuition Scholarship 1937-8 (M.S./38) atm£;£;?°; and
at Univ.Calif., Univ. Fellowship 1938-9 and fall of 1941, and Teaching Asst.
1939-41 and spring of 1942

worked in close collaboration with frof. Pauli. They have just

finished the manuscript of a joint paper on the theory of the mesotron. Dr.

Kusaka has also helped in the final edltlng of Professors vgn”Neumann and Mor-

WA

genstern's book on mathematical economics, and with the manuscript of Prof.

e st AR LI R

Veblen's book on splnors.

iR S
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LUTHER I. WADE, JR.
(Ph.D. Duke 1941. Grad.Asst. 1938-9, Grad. Fellow 1939-41 at Duke;
Instr. Hopkins, 1941-2. ’.‘.‘..RE. Fellow at IAS 1942-3) R SRl
is a National %333353&4922§2$%m§611°“- Two of the three NRC Fellows ™
selected for this year had chosen to join the Institute, but one of them, Dr.
Howard Levi, resigned before the beginning of the year because of war duties

(Ground School Instructor under the Navy Department).

Dr. Wade comes from Duke University. His work is on transcengency

problems. The most famous transcendental number is 7~ and the fact that it

A

is transcendental proves that the quadrature of the circle is impossible. Af=-

ter Hermite and Lindemann had proved the transcendency of #= in the 19th cen-
tury, the greatest contributions to this line of ideas were made by Siegel some
o et MR

ten to fifteen years ago. Wade has continued his research during the year, with

singular success. In Weyl's seminar he gave several talks on his research ,
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J. ERNEST WILKINS, Jr.
(5.Bs 1940, S.M. 1941, Ph.D. Dec.1942, all at Univ. of Chicago) -

held Alva K. Brown Fellowship at Univ, of Chicago 1941-42; and Julius Rosenwald

Fellowship at I.A.S for 1942-43, but resigned after lst term to take teaching
w

position at Tuskegee Inst. Age - 19.

AR s SR SN

is a very young mathematician of great talents. He stayed with the
o A T L i —————— o g
Institute for one term only, and then accepted an instructorship at Tuskegee
Institute., While at the I.A.S. he presented four papers to the American Mathe-

matical Society; they deal with maxima and minima problems for multiple inte-

grals, and are closely related to his thesis. These
———

papers will be published in several journals. Besides, he studied algebraic

RSO

geometry under Professor Chevalley, and made notable contributlons to Professor
s ——

e

Lefschetz's seminar on non-linear d*fferentlal equations.

s SRS S SN RS TR S

pa—

April 16, 1943
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FUMIO YAGI (M.S. Univ.Washington 1941; Ph.D. M.I.T. June 1943) - Fellowship at
Univ.Washington 1940-1, Grad.Scholarship at M.I.T. 1941-2. American citizen.
an able young American mathematician of Japanese descent, joined the
Institute less than two months ago. He had just finished his thesis for the
Doctor's degree, on integral equations, written at the M.I.T. under Professors

W.T.Martin and Cameron. Since Mrs. Mlellan resigned he has assisted Prof.

Atvea A ) o

Wéyl in completing his book on analytic curves. He plans future research on

e —— L

integral equations and theory of analytic functions.

eSS g ST )

April 6, 1943
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GUIDO FUBINI

now a non-resident (honorary?) member of the Institute, finished,
or is about to finish, a book,"The Mathematics of the Engineer®, on which he
has worked for many years and which covers the whole field from quadratic equa-
tions to advanced electrodynamics and thermodynamics. As far as we know, it

will be published in South America.

April 12, 1943
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Their report to Aydelotte for Board.
Filed in Vertical File under "M" for Szhmmkxmf Mathematicés.
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REPORT ON SCHOOL OF MATHEMATICS

by

Harston Morse and John von Neumann

The greét difficulties of deseribing adequately the
work of the mathematical group are obvious, Apart from being
a highly technical and finely differentianted science, mathe-
matics 1s among other things a language differing no little in
its words, considerably in its grammar, and absolutely in its
syntax, from any other language used by men, And from 1lts very
nature - in fact this is the main reazson why mathematical language
was invented - its contents camnot be trunslated into any other
languages It is only fair to expect that any attempt to desecribe
the contents of mathematical research cannot convey essentially
more of the essence of the subject than would an attempt to
deseribe the "contents®" of a Chinese poem.
The only thing one may reasonably try to describe is the
general tendency and purpose of such research, and the spirit,
the atmosphere, in which it is undertaken.
One must realize, above all, that there is a very particu-
lar double character which pervades all mathematical work. It
8 is perfectly true that mathematics has practical applications.
These are sometimes very indirect - for example, applications to
mathematical physies, which in turn are Jjustified by applications
to experimental physics, which in turn are Justified by applica-
tions to engineering, etc. - but they are applications nevertheless.

It is even true that much, if not most, of the best mathematical

“{ A ,/(;2 ‘/u 7 AT
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inspiration has been directly or indirectly derived from "applied"
problems, Nevertheless most mathematical research isusually
undertaken without any regard to such applications, and it is
strongly to be suspected that its quality could only suffer if
the mathematician kept the applications constantly in mind. As
matters stand, they sometimes never enter his mind, and it is

by no means established that this is always a loss. It is very
difficult to do Justice, in any finite number of words, to this
situation and to all its nuances, but it is necessary to keep

it in mind when visualizing the nature of mathematical research.

Thus when dealing with mathematics it is probgbly more
useful to Jjudge it by the same standards by which a creative
art is Judged, - that is, by esthetic standards., The esthetic
angle may escape the layman who does not speak the "foreign
languzge” in which the intellectual effort goes on., It may
also seem strangely disconnected with the application which may
ultinmastely be made of mathematical results., DBut it is there
nevertheless, and ignoring it would lead to a complete misunder-
standing of mathematics.

The above indications give probably a less complete picture
than some lines written by Dr. Abraham Flexner in "I Remembef,"
which were intended to convey an idea of the purpose and nature
of the Institute for Advinced Study, but their validity applies
to the study of mathematies. Dr. Flexner writes as follows:

"The Institute for Adv nced Study was intended, by
reason of its constitution and conception, to be mainly

a research institute. From an unknown source I quote
the following:
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'The deepest Joy in life is to be creative. To
find an undeveloped situation, to see the possibilities,
to identify yourself with something worth while doing,
put yourself into it, and stand for it - that is a
satisfaction in comparison with which supsrficial
pleasures are trivial

Referring to teaching:

"Persons who require to be drilled or taught hard
do not belong within the Institute for Advanced Study.
The level of the teaching and its form mark it off
sharply from college teaching, from most university
teaching, from technological or professional teaching.
This granted, the professor himself benefits, if for
an hour or two weekly, in addition to his own research
and the supervision of a few investigations, he dis-
cusses a larger theme with a small, thoroughly competent,
body. He 1s thus assisted in preserving his own perspec-
tive, and he has a stimulus to wide reading and broader
contacts,"

With reference to scholars in the Institute:

"These men presumably know their own mindsj they have

thelr own individual ways; the men who have, throughout

human history, meant most to themselves and to human
progress have usually followed their own inner light;

no organizer, no administrator, no institution csn do

more than furnish conditions favorable to the restless

prowling of an enlightened and informed human spirit,
seeking 1ts intellectusal and spiritual prey. Standardi-
zation, org nization, making trifles seem important, do
not aid: they are slimply irksome and wasteful."

The members of the Schoel of Mathematics believe in
these principles so clearly stated by Dr. Flexner, and as far as
they are able have endeavored to embody them in their research and
in their contacts with fellow scholars. We are concerned with
the foundations of mathematics and mathematical physics, with
the discovery and development of those principles of mathematics
which will give deeper harmony to mathematics as an art, and

greater power as a science., It is true that some of us are concerned

at the moment with important applicaions of mathematics to ballistics,

-
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aviation, and other aspects of engineering. We regard these
activities as temporary, - although inevitable and necessary
a8 the need to live. The long-term conception of our true
functions would relegate these diversions to a secondary place.
The order in the world which we desire and the peace which we
seek, will make tehnological studies the servant and not the
master of our lives. The path to knowledge for i1ts own sake
will still be open, the creative artist or scientist will still
be free, and objective truth will still be revered.

The limitation of the value of any specific statement
of the contents of mathematical research should be c¢lear from
what was said above., It may nevertheless bhe useful to append
descriptions of the work of the permanent members of the Insti-
tute as they see 1it:
Walter llayer

While still in Vienna Mayer did significant work in
topology with particular reference to its group-theoretic aspects.
He has continued his work in this field while at the Institute.
Mayer has the greatest interest in simplifying the foundations of
various branches of mathematics. Because of this interest he
has given expository courses in topology, differential geometry,
and the calculus of variations. Through such courses he some-
times reaches students who would not be reached by more aﬁbitious
courses. Professor Alan D, Campbell of Syracuse is an example
of a worker at the Institute who has been stimulated by Mayer
and has collaborated with him, His interests have been reflected

in a number of papers in the last yeazrs.
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The picture of work going on in the Institute would he
utterly incomplete if the work of the temporary members were
not referred to. It will not be attempted, however, to give
here a detailed elaboration like the above. This omission
should, of course, not be taken at all as a Juigment of value
or importance., It is merely that such a compilation would be
technically difficult, and the main tendencies represented
in the Institute are probébly indicated essentially by the
above, It should be said, however, that among the temporary
members of the Institute are absolute leaders in their fields,
whose recent work has been of exceptional 1mpoqtancez
Kurt GBdel

He established a decade ago the impossibility of certain
proofs in logle and - for the first time in the history of mathe-
matics - the impossibility of deciding cert2in problems in
‘arithmetic and analysis. In the last years he found the (negative)
solution of the famous "continuum problem" which had resisted all
efforts for over forty years.

Carl L., Siegel

He had previously done outstanding work in the analytie
theory of numbers and the theory of quadratic forms, which he has
continued and extended during his stay at the Institute. Recently
he has also made important contributions to celestial mechanics.

Some statistics concerning the temporary members who

participated in the work of the School of Mathematics are appended.
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The greatest need of the Institute in its relation to
mathematics 1s an increase of funds for stipends to workers.

The total amount available each year for this purpose is now
considerably less than the amount available during the first
years of the Institute. An examination of the table on the
following pages shows that the number of candidates for stipends
has remained sensibly constant (excepting next year for obvious
reasons), while the number of those receiving stipends from the
Institute in mathematics has diminished from 25 and 21 in 1935-36
and 1936-37 to 11 and 9 respectively in 1940-41 and 1941-42.

That the Institute's aid to workers in mathematics is
appreciated by the mathematical world at large is shown by the
remarkable degree of collaboration which exists between its
professors of mathemstics and visiting scholars., Moreover,
outside foundations have indicated their épproval of work here
by increasing their aid to men proposing to work in mathematics
until the number of those aided by the foundations next year, for
the first time, will equal those aided by the Instlitute. However,.
the number of mathematical scholars of established reputations who
would like to work at the Institute, but who are prevented by
financial reasons, remains deplorably large.

The need for greater stipend funds is heightened by the
necessity of restoring young men now in the draft army to their
rightful places in the sciéntifio world, Some of these young men
were starting on promising careers in mathematics. They will

return with a keener and more realistic appreciation of science.
A year of study at the Institute would serve to remove the feeling
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that they have been handicapped and enable them to continue

their work with even greater vigor and enthusiasm,
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