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NON-COOPERATIVE GAMES

JouN Nasn
(Received October 11, 1950)

Introduction

Von Neumann and Morgenstern have developed a very fruitful theory of
two-person zero-sum games in their book Theory of Games and Economic Be-
havior. This book also containg a theory of n-person games of a type which
we would call cooperative. This theory is based on an analysis of the interrela-
tionships of the various coalitions which can be formed by the players of the
game.

Our theory, in contradistinetion, is based on the absence of coalitions in that
it is assumed that each participant acts independently, without collaboration or
communication with any of the others.

The notion of an equilibrium point is the basic ingredient in our theory. This
notion yields a generalization of the concept of the solution of a two-person zero-
sum game. It turns out that the set of equilibrium points of a two-person zero-
sum game is simply the set of all pairs of opposing “‘good strategies.”

In the immediately following sections we shall define equilibrium points and
prove that a finite non-cooperative game always has at least one equilibrium
point. We shall also introduce the notions of solvability and strong solvability
of a non-cooperative game and prove a theorem on the geometrical structure of
the set of equilibrium points of a solvable game.

As an example of the application of our theory we include a solution of a
simplified three person poker game.

Formal Definitions and Terminology

In this section we define the basie concepts of this paper and set up standard
terminology and notation. Important definitions will be preceded by a subtitle
indicating the concept defined. The non-cooperative idea will be implicit, rather
than explicit, below.

Finite Game:

TFor us an n-person game will be a set of n players, or positions, each with an
associated finite set of pure strategies; and corresponding to each player, i, a
payoff function, p. , which maps the set of all n-tuples of pure strategies into the
real numbers. When we use the term n-tuple we shall always mean a set of n
items, with each item associated with a different player.

Mixed Strategy, s; :

A mixed strategy of player ¢ will be a collection of non-negative numbers which
have unit sum and are in one to one correspondence with his pure strategies.

We write s, = Z, CiaTia With ¢, = 0 and 2. ;e = 1 to represent such a mixed
strategy, where the w..’s are the pure strategies of player ¢. We regard the
s/'s as points in a simplex whose vertices are the x..’s. This simplex may be re-
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NON-COOPERATIVE GAMES 287

garded as a convex subset of a real vector space, giving us a natural process of
linear combination for the mixed strategies.

We shall use the suffixes 7, j, & for players and a, 8, v to indicate various pure
strategies of a player. The symbols s, , ;, and r; , ete. will indicate mixed strate-
gies; miq Will indicate the i** player’s at pure strategy, ete.

Payoff function, p; :

The payoff function, p,, used in the definition of a finite game above, has a
unique extension to the n-tuples of mixed strategies which is linear in the mixed
strategy of each player [n-linear]. This extension we shall also denote by Di'y
writing pi(sy, sa, -+, 8,).

We shall write 8 or t to denote an n-tuple of mixed strategies and if § =
(81,8, -+, 8,) then p,(8) shall mean p;(s,, 8, -+~ , ). Such an n-tuple, s,
will also be regarded as a point in a vector space, the product space of the vector
spaces containing the mixed strategies. And the set of all such n-tuples forms, of
course, a convex polytope, the product of the simplices representing the mixed

strategies.
For convenience we introduce the substitution notation (8; £,) to stand for
(81,8, , 8., L, S, -+, 8,) where € = (s;, 83, -+~ , 8,). The effect of

successive substitutions ((s; £,); r;) we indicate by (8; ¢, ; r;), ete.

Equilibrium Point:

An n-tuple 8 is an equilibrium point if and only if for every ¢
(1) pi8) = MAX [pi(s; )] .

all ri's

Thus an equilibrium point is an n-tuple 8 such that each player’s mixed
strategy maximizes his payoff if the strategies of the others are held fixed. Thus
each player’s strategy is optimal against those of the others. We shall occasionally
abbreviate equilibrium point by eq. pt.

We say that a mixed strategy s; uses a pure strategy =, if s, = D s Cimis

and ¢;o > 0.If 8 = (8, 8¢, -~ -, 8,) and s, uses =, we also say that 8 uses m/q .
From the linearity of p.(s;, -+, s,) in s,,
(2) max [p(8;r,)] = max [p«(8; 7).
all ry's o

We define p..(8) = p.(8; 7.,). Then we obtain the following trivial necessary
and sufficient condition for 8 to be an equilibrium point:

(3) pi(8) = max Pia(8).
If 8 = (sl 2 834 %00 sn) and 8y = Za CiaTia then p.(ﬁ) = Zq c;.p;.(ﬂ), con-
sequently for (3) to hold we must have ¢;, = 0 whenever p;,(8) < max;s ps(s),

which is to say that & does not use =, unless it is an optimal pure strategy for
player i. So we write

(4) if 74 is used in 8 then p.(8) = mgx pis(8)

as another necessary and sufficient condition for an equilibrium point.
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Since a criterion (3) for an eq. pt. can be expressed by the equating of n pairs
of continuous functions on the space of n-tuples s the eq. pts. obviously form a
closed subset of this space. Actually, this subset is formed from a number of
pieces of algebraic varieties, cut out by other algebraic varieties.

Existence of Equilibrium Points

A proof of this existence theorem based on Kakutani’s generalized fixed point
theorem was published in Proe. Nat. Acad. Sci. U. S. A., 36, pp. 48-49. The proof
given here is a considerable improvement over that earlier version and is based
directly on the Brouwer theorem. We proceed by constructing a continuous
transformation 7' of the space of n-tuples such that the fixed points of 7' are
the equilibrium points of the game.

Tueorem 1. Every finite game has an equilibrivm poind.

Proor. Let g be an n-tuple of mixed strategies, p,(8) the corresponding pay-off
to player 7, and p,.(8) the pay-off to player 7 if he changes to his a'* pure strategy
7o and the others continue to use their respective mixed strategies from s.
We now define a set of continuous funetions of 8 by

©ia(8) = max (0, pi.(8) — pi(8))
and for each component s; of 8 we define a modification s, by
8¢ + Z pl'n(s)rl'u
I + z pu’a(‘) !

’
B =

calling 8’ the n-tuple (8 ;B 83~ 8o ).

We must now show that the fixed points of the mapping 7': 8 — 8’ are the
equilibrium points.

First consider any n-tuple 8. In 8 the * player’s mixed strategy s; will use
certain of his pure strategies. Some one of these strategies, say v, , must be
“least profitable” so that p..(8) = p.(8). This will make @..(8) = 0.

Now if this n-tuple 8 happens to be fixed under 7' the proportion of =;, used
in s; must not be decreased by 7. Hence, for all 8’s, ¢ 2(8) must be zero to prevent
the denominator of the expression defining s. from exceeding 1.

Thus, if 8 is fixed under 7', for any ¢ and 8 ¢4(8) = 0. This means no player
can improve his pay-off by moving to a pure strategy = . But this is just a
eriterion for an eq. pt. [see (2)].

Conversely, if 8 is an eq. pt. it is immediate that all ¢’s vanish, making 8
a fixed point under 7.

Since the space of n-tuples is a cell the Brouwer fixed point theorem requires
that 7' must have at least one fixed point 8, which must be an equilibrium point.

Symmetries of Games

An automorphism, or symmetry, of a game will be a permutation of its pure
strategies which satisfies certain conditions, given below.
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If two strategies belong to a single player they must go into two strategies
belonging to a single player. Thus if ¢ is the permutation of the pure strategies
it induces a permutation ¢ of the players.

Each n-tuple of pure strategies is therefore permuted into another n-tuple
of pure strategies. We may call x the induced permutation of these n-tuples.
Let & denote an n-tuple of pure strategies and p.(¢) the payoff to player 7 when
the n-tuple £ is employed. We require that if

J= then p;(£*) = pi(§)

which completes the definition of a symmetry.
The permutation ¢ has a unique linear extension to the mixed strategies.
H .

8i = 3 Ciamia We define ()¢ = > Cialmia)®.

The extension of ¢ to the mixed strategies clearly generates an extension of
x to the n-tuples of mixed strategies. We shall also denote this by x.

We define a symmetric n-tuple 8 of a game by 8* = g for all x’'s

THEOREM 2. Any finite game has a symmetric equilibrium point.

Proor. First we note that s, = VIR A /2.« 1 has the property (s;)® =
8,0 where j = ¥, so that the n-tuple 8, = (810, 820, -+ - , 8.0) is fixed under any x;
hence any game has at least one symmetric n-tuple.

If g = (8,---,8)and t = (t, -+, t.) are symmetric then

‘+‘_(81+¢| 82+l2 ‘8n+ln)

2 g el g TR

is also symmetric because 8% = § «» s; = (80)° where j = ", hence

8 + I = (8-')‘ 05 (lv‘)‘ - (8:‘ =+ l.‘)’

2 2 2

hence

c) 2 .

(s i t)! s +

This shows that the set of symmetric n-tuples is a convex subset of the space
of n-tubles since it is obviously closed.

Now observe that the mapping 7': 8 — 8’ used in the proof of the existence
theorem was intrinsically defined. Therefore, if 8. = T8, and y is derived from
an automorphism of the game we will have g¥ = Tsf. If 8, is symmetric g =
8, and therefore 8 = 7T's, = g, . Consequently this mapping maps the set of
symmetric n-tuples into itself.

Since this set is a cell there must be a symmetric fixed point 8 which must be
a symmetric equilibrium point.
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Solutions

We define here solutions, strong solutions, and sub-solutions. A non-cooper-
ative game does not always have a solution, but when it does the solution is
unique. Strong solutions are solutions with special properties. Sub-solutions
always exist and have many of the properties of solutions, but lack uniqueness.

S; will denote a set of mixed strategies of player ¢ and $ a set of n-tuples of
mixed strategies.

Solvability:
A game is solvable if its set, &, of equilibrium points satisfies the condition
(5) (t; 7)eS and 8¢S — (8;: r)eH for all 7's.

This is called the interchangeability condition. The solution of a solvable game
is its set, &, of equilibrium points.

Strong Solvability :

A game is strongly solvable if it has a solution, &, such that for all ’s

e and pi8;r) = pi8) = (8;1r)e S

and then & is called a strong solution.

Equilibrium Strategies:

In a solvable game let S; be the set of all mixed strategies s, such that for some
t the n-tuple (t; s;) is an equilibrium point. [s; is the ** component of some
equilibrium point.| We call S; the set of equilibrium strategies of player 1.

Sub-solutions:

If & is a subset of the set of equilibrium points of a game and satisfies con-
dition (1); and if & is maximal relative to this property then we call & a sub-
solution.

For any sub-solution & we define the ** factor set, S, , as the set of all s/'s
such that & contains (t; s,) for some t.

Note that a sub-solution, when unique, is a solution; and its factor sets are the
sets of equilibrium strategies.

Tarorem 3. A sub-solution, S, is the set of all n-tuples (sy , 82, <+ , 8,) such
that each s; € S; where S; is the i factor set of . Geometrically, & s the product
of s factor sets.

Proor. Consider such an n-tuple (s; , s, -« , 8,). By definition 3t ,t., - -+,
t, such that for each ¢ (t; ; s;) e &. Using the condition (5) n—1 times we obtain
successively (t; 81)) e, (f;; 81 ; 82) e D, -+, (b 81 ; 825+ 3 8,) € &
and the last is simply (s, 82, <<+, 8,) € &, which we needed to show.

Tarorem 4. The factor sets Sy, Sa, < -+, S. of a sub-solution are closed and
convex as subsets of the mixved strategy spaces.

Proor. It suffices to show two things:

(a) if s; and s: € S, then s¥ = (s: + $)/2 € S, ; (b) if ¥ is a limit point of S;
then s* € S;.

Let t e &. Then we have p;(t; s)) = p;(t; 8; ;r;) and p,(t; s = p;(t; Y )
for any r; , by using the criterion of (1) for an eq. pt. Adding these inequalities,
using the linearity of p;(s;, - -, 8.) in 8;, and dividing by 2, we get p,(t; si) =
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pi(t; 87 ;7)) since s = (s; + s.)/2. From this we know that (t; s,) is an eq. pt.
for any t e &. If the set of all such eq. pts. (t; s7) is added to £ the augmented
s&;t clearly satisfies condition (5), and since & was to be maximal it follows that
8; € Sl‘ .

To attack (b) note that the n-tuple (t; s¥), where t e &, will be a limit point
of the set of n-tuples of the form (t; s;) where s, € S, , since s¥ is a limit point of
S;. But this set is a set of eq. pts. and hence any point in its closure is an eq.
pt., since the set of all eq. pts. is closed. Therefore (t; s!) is an eq. pt. and hence
s! eS8, from the same argument as for sf .

Values:

Let & be the set of equilibrium points of a game. We define

vi = max [pi(8)], vi = min [pi(8)].

S e
If o7 = v; we write v; = v} = v; - v} is the upper value to player ¢ of the game;
v; the lower value; and v, the value, if it exists.

Values will obviously have to exist if there is but one equilibrium point.

One can define associated values for a sub-solution by restricting & to the
eq. pts. in the sub-solution and then using the same defining equations as above.

A two-person zero-sum game is always solvable in the sense defined above.
The sets of equilibrium strategies S; and S, are simply the sets of “good” strate-
gies. Such a game is not generally strongly solvable; strong solutions exist only
when there is a “‘saddle point” in pure strategies.

Simple Examples

These are intended to illustrate the concepts defined in the paper and display
special phenomena which occur in these games.
The first player has the roman letter strategies and the payoff to the left, ete.

Ex. 1 —Z ‘;; i Solution (% a+ 1_76 b, % ok % 13)
- ba 5 S =5 i 1
3 g =4 BTaptes Ty
Ex. 2 1 aa 1 Strong Solution (b, 8)
—10 a8 10
10 ba =10 v, =uv = —1
=1 g =1
Ex. 3 1 ao 1 Unsolvable; equilibrium points (a, «), (b, 8),
: :g gz : }8 and (% -+ g, g - g) The strategies in the last case
1 b3 1 have maxi-min and mini-max properties.
Ex. 4 ac Strong Solution: all pairs of mixed strategies.

1 1
0 ap 1
1 ba 0 vf=v;"=l,vf=v;=0.
0 b3 0
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Ex. 5 1 aa 2 Unsolvable; eq. pts. (a, a), (b, 8) and
:i :: :.ll (i-a - g— b, & a + ';‘B) However, empirical tests
2 bg 1  show a tendency toward (a, a).
Ex. 6 1 a«a 1 Eq. pts.: (a, «) and (b, 8), with (b, 3) an example of
0 apB 0  instability.
0 ba O
0 b8 0

Geometrical Form of Solutions

In the two-person zero-sum case it has been shown that the set of “good”
strategies of a player is a convex polyhedral subset of his strategy space. We
shall obtain the same result for a player’s set of equilibrium strategies in any
solvable game.

TaROREM 5. The sets Sy, Sa, -+, S, of equilibrium strategies in a solvable
game are polyhedral convex subsets of the respective mized strategy spaces.

Proor. An n-tuple g will be an equilibrium point if and only if for every ¢

(6) pi(8) = max Pia(8)

which is condition (3). An equivalent condition is for every 7 and «

(7) Pi(8) — pial(8) = 0.

Let us now consider the form of the set S; of equilibrium strategies, s;, of
player j. Let t be any equilibrium point, then (t; s;) will be an equilibrium point
if and only if s;€S;, from Theorem 2. We now apply conditions (2) to (t; s;),
obtaining
(8) sjeS; <« forall 7, o pi(t; 8;) — pialt; s;) = 0.

Since p; is n-linear and t is constant these are a set of linear inequalities of the
form Fi(s;) = 0. Each such inequality is either satisfied for all s; or for those
lying on and to one side of some hyperplane passing through the strategy simplex.
Therefore, the complete set [which is finite] of conditions will all be satisfied
simultaneously on some convex polyhedral subset of player j's strategy simplex.
[Intersection of half-spaces.]

As a corollary we may conclude that S; is the convex closure of a finite set of
mixed strategies [vertices|.

Dominance and Contradiction Methods

We say that s; dominates s, if p,(t; s.) > pi(t; s,) for every t.

This amounts to saying that s: gives player 7 a higher payoff than s; no matter
what the strategies of the other players are. To see whether a strategy s. domi-
nates s; it suffices to consider only pure strategies for the other players because
of the n-linearity of p; .

It is obvious from the definitions that no equilibrium point can involve a domi-
nated strategy s; .
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The domination of one mixed strategy by another will always entail other
dominations. For suppose s, dominates s, and ¢; uses all of the pure strategies
which have a higher coefficient in s; than in s: . Then for a small enough p

i = ti + plsi — 80

is a mixed strategy; and ¢; dominates £ by linearity.

One can prove a few properties of the set of undominated strategies. It is
simply connected and is formed by the union of some collection of faces of the
strategy simplex.

The information obtained by discovering dominances for one player may be
of relevance to the others, insofar as the elimination of classes of mixed strategies
as possible components of an equilibrium point is concerned. For the 's whose
components are all undominated are all that need be considered and thus elimi-
nating some of the strategies of one player may make possible the elimination of
a new class of strategies for another player. '

Another procedure which may be used in locating equilibrium points is the
contradiction-type analysis. Here one assumes that an equilibrium point exists
having component strategies lying within certain regions of the strategy spaces
and proceeds to deduce further conditions which must be satisfied if the hy-
pothesis is true. This sort of reasoning may be carried through several stages to
eventually obtain a contradiction indicating that there is no equilibrium point
satisfying the initial hypothesis.

A Three-Man Poker Game

As an example of the application of our theory to a more or less realistic case
we include the simplified poker game given below. The rules are as follows:

(a) The deck is large, with equally many high and low cards, and a hand
consists of one card.

(b) Two chips are used to ante, open, or call.

(¢) The players play in rotation and the game ends after all have passed or
after one player has opened and the others have had a chance to call.

(d) If no one bets the antes are retrieved.

(e) Otherwise the pot is divided equally among the highest hands which have
bet.

We find it more satisfactory to treat the game in terms of quantities we call
“behavior parameters” than in the normal form of Theory of Games and Economic
Behavior. In the normal form representation two mixed strategies of a player
may be equivalent in the sense that each makes the individual choose each
available course of action in each particular situation requiring action on his
part with the same frequency. That is, they represent the same behavior pattern
on the part of the individual.

Behavior parameters give the probabilities of taking each of the various
possible actions in each of the various possible situations which may arise.
Thus they deseribe behavior patterns.

In terms of behavior parameters the strategies of the players may be repre-
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sented as follows, assuming that since there is no point in passing with a high
card at one’s last opportunity to bet that this will not be done. The greek letters
are the probabilities of the various acts.

First Moves Second Moves
« Open on high & Call III on low
I B Open on low A Call II on low
u Call IT and I11 on low
v Call T on low v Call III on low
IT | 5 Open on high ¢ Call III and I on low

& Open on low

¢ Call I and II on low Player III never gets a second move
oI | 7 Open on low

8 Call I on low
¢ Call IT on low

We locate all possible equilibrium points by first showing that most of the
greek parameters must vanish. By dominance mainly with a little contradiction-
type analysis 8 is eliminated and with it go v, ¢, and # by dominance. Then
contradictions eliminate u, £, ¢, A, x, and v in that order. This leaves us with
a, 8, £, and n. Contradiction analysis shows that none of these can be zero or one
and thus we obtain a system of simultaneous algebraic equations. The equations
happen to have but one solution with the variables in the range (0, 1). We get

21 ='3/35% _batl . _5-2a _ 4da—1
Jo= - o i 5+a’ a+5"
These yield « = .308, n = .635, 6 = .826, and ¢ = .044. Since there is only one
equilibrium point the game has values; these are ’

L et S B (i TR iF s )
v = J47 = 8(5—"*-(1)-’ U2 = .096— 1 ’
and
= 243 = 19 l;a)
vy ...43 40(5_*_& .

A more complete investigation of this poker game is published in Annals of
Mathematics Study No. 24, Contributions to the Theory of Games. There the
solution is studied as the ratio of ante to bet varies, and the potentialities of
coalitions are investigated.

Applications

The study of n-person games for which the accepted ethics of fair play imply
non-cooperative playing is, of course, an obvious direction in which to apply this
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theory. And poker is the most obvious target. The analysis of a more realistic
poker game than our very simple model should be quite an interesting affair.

The complexity of the mathematical work needed for a complete investigation
increases rather rapidly, however, with increasing complexity of the game; so
that analysis of a game much more complex than the example given here might
only be feasible using approximate computational methods.

A less obvious type of application is to the study of cooperative games. By a
cooperative game we mean a situation involving a set of players, pure strategies,
and payoffs as usual; but with the assumption that the players can and will
collaborate as they do in the von Neumann and Morgenstern theory. This means
the players may communicate and form coalitions which will be enforced by an
umpire. It is unnecessarily restrictive, however, to assume any transferability
or even comparability of the payoffs [which should be in utility units] to dif-
ferent players. Any desired transferability can be put into the game itself instead
of assuming it possible in the extra-game collaboration.

The writer has developed a “dynamical” approach to the study of cooperative
games based upon reduction to non-cooperative form. One proceeds by con-
structing a model of the pre-play negotiation so that the steps of negotiation
hecome moves in a larger non-cooperative game [which will have an infinity of
pure strategies| describing the total situation.

This larger game is then treated in terms of the theory of this paper [extended
to infinite games| and if values are obtained they are taken as the values of the
cooperative game. Thus the problem of analyzing a cooperative game becomes
the problem of obtaining a suitable, and convincing, non-cooperative model for
the negotiation.

The writer has, by such a treatment, obtained values for all finite two person
cooperative games, and some special n-person games.
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CARNEGIE INSTITUTE OF TECHNOLOGY

SCHENLEY PARK
PITTSBURGH 13, PENNSYLVANIA

DEPARTMENT OF MATHEMATICS

COLLEGE OF ENGINEERING AND SCIENCE February ll, 19,8

Professor S, Lefschetz
Department of Mathematics
Princeton University
Princeton, N, J,

Dear Professor Lefschetz:

This is to recommend Mr, John F, Nash, Jr,
who has applied for entrance to the graduate college
at Princeton,

Mr, Nash is nineteen years old and is
graduating from Carnegie Tech in June, He is a
mathematical genius,

Yours sincerely,

RJD:hl
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APPLICATION FOR FELLOWSHIP OR SCHOLARSHIP

All applications for Fellowships and Scholarships must be received in the Office of the Graduate School by March 1.
Ordinarily the fellowships and junior fellowships are awarded to men who have had a year or more of graduate
study in a graduate school, and the scholarships, carrying free tuition, to men who have not had such study. If a
candidate, in answering the first question below, indicates that he wishes to be considered only for a fellowship, it
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EXTRACT FROM UNIVERSITY REGULATIONS

1. The total enrolment of graduate students is limited.
All applications for admission to the Graduate School of Princeton University are received subject to whatever
provisions may determine the mode of limiting the enrolment of graduate students. Admissions are limited to male
students.

2. In every case admission is granted for not more than one academic year. An application for readmission is
necessary for every subsequent year. All applications for admission and for readmission are considered on or about
April 20 of each year, except that those who are awarded Princeton fellowships or scholarships for an academic year
are granted admission for that year at the time of the award. An application received after admissions have been
determined will be placed on file for consideration in case of a vacancy under the limitation of enrolment. Applica-
tions received after June 15 may not be acted upon before the opening of the University in September.

3. A bachelor’s degree in a broad program of general education, granted by a college or university of recognized
standing, is normally requisite for admission, but is not sufficient of itself. An examination of an applicant’s academic
record is made to determine whether he has established a strong affirmative case in regard to the character of his
general education and his fitness for graduate work in his proposed subject of study. In admissions regard is given to
character and promise as well as to scholastic attainment. In every case admission is determined, under the limitation
of enrolment, after a comparison of the relative merits of all the candidates who wish to pursue their studies in the
same field or department.

Any one admitted to the Princeton Graduate School should, before beginning his graduate study, acquaint himself
with the full text of the Regulations as printed in the opening pages of the General Information Bulletin.

Applicants will be notified of the result of their applications as soon as possible after April 25. To those who are
admitted will be sent a form on which application may be made for residence in the buildings of the Graduate College.

INFORMATION TO BE SUPPLIED BY EVERY APPLICANT

Submit with this application 4 personal photographs of the size approximately 2}4 x 234 and an official transcript
of your undergraduate record (including entrance credits and honors conferred), obtained from the proper official
of the institution which granted the degree; also an official transcript of graduate work completed, if any. Each
transcript should be accompanied by a key to the grading system employed.

If you have taken the Graduate Record Examination, a copy of the results should be sent with your application.

Submit also a detailed statement of the courses which you have taken in the subject in which you are proposing to
do graduate work. The statement about each course should contain a list of the subjects treated in the course (about
three lines), the books used, and an indication as to how the course was conducted, whether by lecture, recitation, or
a combination of these, or laboratory work, and whether there were regular conferences between you and the instructor
in charge. (It is not necessary to supply this information concerning courses taken in Princeton University.)

Give the names (with titles) and addresses of several persons whom you are asking to write intimately and con-
fidentially about your qualifications. The list should include two of your college or university teachers, and the persons
most competent to speak of your work in any positions which you have held. Such letters are not necessary in the case
of a graduate of Princeton, unless he has carried on studies elsewhere. These personal letters should be sent by
the writers directly to the Dean of the Graduate School, and reach him by March 1, if you are applying for a fellowship

or graduate scholarship.

J Pedr. Uil Sy.rge—., BA.,M.A.y.ScoD.. s Dept.. Head. .
Piof. U.B. Rosenbach 4AB.,.MS..,.. Assist,. Dept. Head
Assoc. Prof. D Maskavitz. s BS.,MS.s. Ph.D..
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Deav Giw:
T Should like to leatn about the possib/'//'ty

of my obtaining some kind of teaching av
yesearch position at yout Uhiversity” in the
mathematics department . Would you be so
kind 28 te sénd me infov mation CoNceTning such
positions ¥ I am alo applyin, For a Fellow ship
?Ut the application planks Fov- this do wot
inclvde those othet possibilities . T you
would send me blanks with which to a/p//

Tor such positions T should be vety grate-

tul to You.
T expect to gvadvate next June at the

Catnez;e Institute oF Ted)na/cy/ with
the Masteds amd Bachelorts degyees i/n mathe-
matics . My addyess is 6 the above school,

P/‘ffSth;/lz /3, Renn 5// vania
Respectfully yours

Ve
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Carnegie Institute of Technology
Pittsburgh 13, Pennsylvania
December 29, 1947

Dean of the Graduate School
Princeton University
Princeton, New Jersey

Dear Sir:

I shall graduate in June 1948 at Carnegie Institute of
Technology with the Bachelor of Science Degree and the Master
of Science Degree in Ma Since I wish to continue gradu-
amr%mm%&%? to the doctorate, T should like
to apply for & fellowship and a teaching essistantship at your
institution. T gould appreciate it if you will kindly send me the

necessary forms to be filled out and any additional information
concerning fellowships and teeching assistantships.

Very truly yours,

7 G

John F. Nash,

———

JFN,Jr:VF
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* PITTSBURGH 13, PENNSYLVANIA

DEPARTMENT OF MATHEMATICS
COLLEGE OF ENGINEERING AND SCIENCE January 15, 1948

Dean of Graduate School
Princeton University
Princeton, N, J,

Dear Sir:

It is a pleasure for me to support the application of
Mr, John F, NashA.Jr. for a Fellowship or Scholarship, He has studied
with™Té Tor three semesters, taking courses in Theoretical Mechanics,
Tensor Calculus, and the Special Theory of Relativity, He expects his
B,S, degree in June; at the same time he will qualify for the M,S, degree
on account of graduate credits,

Mr, Nash is unique in my experience of students, I would rank
him among the best I have had, and possibly he is the very best, At
first impression, he might appear inferior, since he does not write out
his work in polished form, nor does he lecture impressively, However,
this external clumsiness is more than compensated by quickness of under-
standing, originality, and capacity for seeing the inner meaning of an
argument, all unrivalled in my experience, While still a junior, he was
capable of assimilating the most advanced work available in graduate
lectures, On account of his speed of understanding he has been able to
take many more courses than an ordinary undergraduate, Consequently his
training is very wide, both in pure and applied mathematics,

He has not yet selected any special field of mathematical study,
However, his inclination appears to be definitely in the direction of
pure mathematics rather than applied, and therefore it is with our advice
that he is seeking a fellowship or scholarship elsewhere, since our
primary interest here is in applied mathematics,

From the standpoint of character and industry, Mr, Nash is all
that can be desired, Also, he has a pleasant personality, and although
stubborn in mathematical argument and full of confidence, his pre-eminence
among the undergraduates here has not made him conceited,

Yours faithfully,

JLS:hl Dept, of Mathematics




e

(“gﬁﬁm
» CARNEGIE INSTITUTE OF TECHNOLOGY
Ack, ™" *© SCHENLEY PARK

PITTSBURGH 13, PENNSYLVANIA

DEPARTMENT OF MATHEMATICS
COLLEGE OF ENGINEERING AND SCIENCE January 22, 1948

Dean of the Graduate School
Princeton University
Princeton, New Jersey

Dear Sir:

It is with the greatest pleasure that I second the application of Mr,
John Forbes Nash, Jr. for a Fellowship or Scholarship to your institution
for the academic year 1948-1949.

I have known Mr, Nash intimately for the past three years., He was a
student of mine in several advanced courses in mathematics, and I con-
sider him one of the most able students in mathematics in my entire
experience of over thirty years of college teaching. In June, 1948, he
will graduate from Carnegie Institute of Technology with the degrees
Bachelor of Science and Master of Science in Mathematics, For a student
to receive both the Bachelor's and Master's degrees at the same time

is most unusual. Although his scholastic factor is not available at

the moment, he should graduate at the head of his class. Since his field
of study appears to be in the direction of pure mathematics rather than
applied, it is with our advice and recommendation that he is applying

for a fellowship or scholarship at some other institution. As you perhaps
know, our primary interest at Carnegie Institute of Technology is in

the field of applied mathematics,

Mr. Nash holds one of the most coveted scholarships on our campus, namely,
the George Westinghouse Scholarship. In addition, he participated in

the national William Lowell Putnam Mathematical Competition in 1946 and
won an honorable mention. In 1947, he was a member of the Carnegie In-
stitute of Technology team of three in this same competition and he placed
among the ten highest contestants for which he won a cash award. The
team won an honorable mention,

Mr, Nash is continually investigating original problems and gives promise
of being a top-flight mathematician. He has published an article on
Number Theory in the Carnegie Technical, and has written another article
on Topology which will appear in a forthcoming issue. His main outside
interest appears to be in the field of musiec,

Mr, Nash is a young man of exceptional ability and energy and is a very
clear thinker on scientific problems. His training in mathematies, physics,
and mechanics has been not only extensive but thorough. In my opinion,
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Dean of the Graduate School Page 2
Princeton University
January 22, 1948

the institution that secures him as a graduate student in mathematics
will be fortunate indeed. He has a pleasing personality and is co-
operative at all times,

It is, therefore, with the greatest pleasure that I recommend Mr. John
Forbes Nash, Jr, as an unusually able and well-trained young man, He
should go far as an original investigator in the field of mathematics,

Very truly yours,

J. B. Rosenbach
Professor and Assistant Head
Department of Mathematics
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s CARNEGIE INSTITUTE OF TECHNOLOGY
‘ SCHENLEY PARK
PITTSBURGH 13, PENNSYLVANIA
DEPARTMENT OF MATHEMATICS
COLLEGE OF ENGINEERING AND SCIENCE January 30, 1948

Dean of the Graduate School
Princeton University
Princeton, New Jersey

Dear Sir:

This letter is written at the request of Mr., John E, Nash, who is applying
for a fellowship in the Department of Mathematics &t your institution,

I have known Mr, Nash for about three years, and have had him as a student
in five different advanced courses in mathematics. He is probably the most able
student with whom I have come in contact during twenty three years of teaching.
He has a very keen mind, is quick to grasp new ideas, and is able to extend
these ideas and obtain results in hitherto unexplored domains., He is far above
all other students in native ability in those classes where I have had a chance
to observe him; and from conversations with other members of the faculty at
Carnegie Tech, I find that their opinions are about the same. I cannot speak
too glowingly about this candidate's ability; if there is such a thing as a genius
level, his ability reaches it. I have never before said this of any other student,
There is no doubt in my mind that this young man will some day, if he has the
opportunity to continue his studies, be one of the famous mathematicians of the
country.

Incidentally, in the Lowell Putnam Mathematical Competition, which is open
to undergraduate students of the United States and Canada, he placed among the
first ten, even though he was just a third-year student at the time of the exami-
nation.

As far as I know his character is flawless, and he is emotionally stable,
He has a pleasant personality; I would not say that he is shy, but he is almost
shy., He is respectful and cooperative. He is aware of his ability, but it has
not made him arrogant or caused him to feel superior to others,

In wishing to be honest and give as correct a picture as possible, I must
mention one flaw. His ability to write and convey his ideas to others needs to
be improved, and I feel certain that it can be improved. His mind is so quick,
that in presenting material which others are to understand, he is apt to leave
gaps in the written or oral explanations, which he is able to supply but which
he thinks others have also done mentally as well as he has,

I feel certain that this boy will measure up to anyone else in scholastic
ability and intellectual promice.

Yours very truly,
DM: HJ David Moskovitz
Associate Professor of Mathematics




PP ock,

Statement o S? Coupses

I epcloe pages from a catalopue desctibiy

some of 'zm/ coulsdd N mathenzatics. These atre max:
b/a.c/c citcles aroupd theiv nwombers. /4)7// textsS uvsed jave
been rshdicated é/v the. Authavs' pames to the side of
the (a{fegpand/? couvvse. Iy all o ny. matheratics
cousseS I hav€ had Free appol tunsty o confevences
with the in stlvctor, Bot confetences iveve pot scheduled .

Othel covvses I have taken which weve mt des.
cYibed in +he c.ata/cyuc ave desctiped bepuw.

Freshman Mathewatics ; Bloetield Coflege , Bluef o/, wilb.
Taken ag a sopplemenit to my Wigh schoo/’waotk. Taugp ¢
/iyek as g lectude coppse. /?oén bach md Whit used
Fo the algebra portion of the coorse. G taphs, liner systesms
applications, €zuvations /» {E’me/y/ y guadratics, pPpbcatins,
7U46{¢Z.i('c systers , Pro@yess/ons, 0s€ ek jnductiorn

_ binomia/l theatern , Yules Gf jnegualities 5 complex pumbe s,
fbecﬂ“/ OF E¢[/df/~mj » 5)//7 fée_"ﬁ( 0//.1//'}'/'0}/).

Beink' - Plae 2d Spherical TN eLyy - ﬁ?qoma metvy,
Fonctions, ltegarithms, identities 3 .S‘t';d atd _etvrigmametrica/
froblems in the plave , some Evearment of spherical
pProblems .

L fgaet the name of the malvtic Leometit
text used Yn this course. We stodied 5Straiit Lres,
distmce , pepindicolat- slragght lipes , obfjpud cacidinates,
civcles § €llipses, parabilac, o/f/v/ep/b/a » tvans Fotmat-
jons of " axes, the ?{/&drzt/’c ’SarivvNart 2nd the /Cﬂ?‘&/
Second degree eguation , plapes ,spheres, the cope,
A”Qf&o/o:ds/ M2 bolds , el psonds , /&ots 5> A2 Ls,
ieﬂem/ met a_a(; A obtainsnd theni, T thyee pottions
Yoz the compyised | cerrlster éou/*s’a\" 36 cvedit houts

fojective Ceon?etv‘ 3 W,‘ryei‘ was the texts
uthot. 78 e text was extyemeld oy -vrigovoos 4 in m

_ opinion 5 in th ¢ prALL 2/ze /m' sectbns?in particu//
I t/bufht the" methy,d? oF development could fayve
veen “much impproved. We 5tuc1/'ed the Inveyse camiception
of 2 corve , as 2 set oF tmzents 5 emphas;zed the
dval pojnts in foth 2 a/f'cim;'c md  @Zeo metvical
manne. Jo hame: chaptets y we took Op dvality, the




B 5 Vpah G

line at inﬁ‘nit/ » PYojective pyopetties and the dovble
Tatio, piojective coovdjnates , the canic,collineatins
IN gne_dimens;on . Latzey a [ecture ?'pc preseptationa

I foond myself in fyeguent cm lict with +he inctluctol:

Special Relativity; 1o text. basic /enefa/
Lotentz trmchrrmt/m Olel/?/ﬂﬂed o alyathe”
axiomatic Fashion.Mechanics 2md electto mazpe tic
theol ¥ develsped +n 2 vather Fowral [fashion’ /’b/s/'ca/
zz’/ip//c& ticns "tleated at veatjovs points sy +4€
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S-231. Statics. Analytic and graphic treatment of concurrent, non-con-
current, and parallel forces; couples; stresses in frames and trusses; stress
diagram; centroids; moments and products of inertia; principal axes; centers of
pressure; weighed flexible cords. Prereq.: To be admitted to S-231, students
must have had (1) S-402; (2) S-223 (or S-228) or must take it concurrently,
3 hrs. rec,, 5 hrs. prep., 8 units.

S-232. Dynamics. Rectilinear and curvilinear motion of a particle; relative
velocities and accelerations; the work-energy principle; translation of a rigid
body; rotation of a rigid body about a fixed axis; balancing of a shaft; plane
motion; impact. Prereq., S-231. 3 hrs. rec., 5 hrs, prep., 8 units.

$-233. Strength of Materials. Analysis of stress and strain; shear, bendin
moment, stresses and deflection of beams; torsion; combined stresses: reinforce
concrete beams; columns; theories of failure. Prereq., S-231. 3 hrs. rec., 5

hrs. prep., 8 units. ;

d*m‘@ Higher Algebra I and II. Development of the number
svstem ol algebra; theory of algebraic equations; fundamental theorem of
algebra; determinants; symmetric functions; resultants, discriminants, and
elimination; Graeffe’s method; polynomials; linear dependence; systems of
linear equations; matrices; linear transformations; invariants and covariants;
bilinear and quadratic forms; elementary divisors; invariant factors. The
relations of the algebraic theories to geometry will be emphasized throughout
the course. Prereq.: To be admitted to S-241, students must have had S-223
(or 5-227) or must take it concurrently. 3 hrs. rec., 6 hrs. prep., 9 units each

sem
@ Ordinary Differential Equations. Ordinary differential equa-

tions with applications to geometry and the physical sciences; singular solu-

tions; operator methods; total differential equations; systems of equations;

;erie_s solutions; approximate solutions. Prereq., S-228. 3'hrs. rec., 6 hrs. prep.,
units.

S-251. Ordinary and Partial Differential Equations. Ordinary and
partial differential equations, with applications to geometry and the physical
sciences; singular solutions; operator methods; total differential equations;
systems of equations; series solutions; approximate solutions of ordinary dif-
ferential equations by graphical and numerical methods. Prereq., S-224. 3
hrs. rec., 6 hrs. prep., 9 units,

$-253 and S-254. Higher Mathematics for Science Students I and II.
Vector analysis, Green's and Stokes' theorems; determinants, tensors, curvili-
near coordinates; linear vector spaces, matrices, Hermitian spaces, eigenvalues,
and eigenvectors; ordinary differential equations, solution in series, ndre
and associated Legendre polynomials, Bessel and Hankel functions, in uding
elements of the theory of functions; Fourier series, partial differential equations
by separation of variables, eigenvalue problems of classical physics; calculus of
variations; elements of group theory and group representations. Throughout
the course applications to the theory of molecular structure and quantum me-
chanics will be emphasized. Prereq., S-224 (or S-228). 3 hrs. rec., 6 hrs. prep.,

9 units gach semester,
@u Advanced Calculus T and II. A more critical study of

the amenta the differential and integral calculus than is possible in
the elementary course. Topics include: Rolle’s theoreni, theorem of the mean,
Taylor's theorem, and expansion of functions in power series; infinite series of
constants and of functions; functions of several variables, and implicit func-
tions; applications to curves and surfaces; introduction to vector methods; a
more critical study of the definite integral; functions defined by definite in-
tegrals; improper integrals; multiple integrals; line, surface, and space integrals.
Prereq., S-224 (or S-228). 4 hrs. rec., 8 hrs. prep., 12 units each semester.,

Cootmt



Text
v

74 CARNEGIE

S-257. Advanced Analytic Geometry. Algebraic representations and
geometric interpretations in two and three dimensions; systems of curves and
surfaces; transformations of coordinates and plane; general geometric theory
of the equation of the second degree with one, two, and three variables; sec-
tions of a right circular cone; curves derived from physical conditions; algebraic
and geometric solutions of equations; types of homogeneous representation in
two and three dimensions. Prereq., S-241. 3 hrs. rec., 6 hrs, prep., 9 units.

s g;;’ Differential Geometry. General properties of curves and sur-
Gf‘ﬂsmn face¥} Tines of curvature, conjugate and asymptotilc):ell—itnes, and geodesics; sur-

faces of center, surfaces of constant total curvature, ruled surfaces, and
minimal surfaces; corre?ondenoes and mapping. Free use is made of the mov-
ing trihedral. Prereq., S-224 (or S-228). 3 hrs. rec., 6 hrs. prep., 9 units.

S-250 and S-260. Higher Mathematics for Engineering Students I and II.
Vector analysis, Green’s and Stokes' theorems; linear algebraic equations,
determinants, matrices; solution of transcendental and polynomial equations;
ordinary linear differential and difference equations with applications to

. elementary network analysis and mechanical vibration theory; partial dif-

o
G+ifEith
F% ill /PS

ferential equations with a special study of the equation of diffusion, the wave
equation, and Laplace’s equation; Fourier series, Bessel functions, and Le-
endre I,\'nomiag; elements of the theory of functions of a complex variable.
hroughout the course the theory will be illustrated by problems from the
various fields of the engineering sciences. Prereq., S-224 (or S-228). 3 hrs.
rec., 6 hrs. prep., 9 units each semester,

(5-26) and(€262) Theoretical Mechanics I and IL A critical review of
plamf®sratics and dynamics with emphasis on the logical structure of the sub-
ect, includinﬁ virtual work, friction, thin beams, cables, frames, groiectiles,
onic oscillators, planeta?' orbits, motion of a rigid body, stability, and
impulsive motion; statics and dynamics in three dimensions with use of vectors,
including the spherical pendulum, gyroscopes, Lagrange's equations; introduc-
tion to relativistic mechanics, Prereq., S-224 (or S-228). 3 hrs. rec., 6 hrs.
prep., 9 units each semester.

Vector Analysis. Vectors and vector fields; scalar and vector
products; gradient, divergence, curl; Stokes' theorem and div: ce theorem;
curvilinear coordinates; applications. Prereq., S-224 (or S-228) and S-403. 3
hrs. rec., 6 hrs. prep., 9 units,

S-264. Fourier Series. Study of Fourier series and integrals, with ap-
plications to solutions of boundary value problems in heat flow, vibrating
strin? and membranes, electric potential; introduction to Bessel functions
and Legendre polynomials with applications. Prereq., S-224 (or S-228). 3
hrs. rec., 6 hrs. prep., 9 units.

S-265. Theory of Potential. Attractions and potentials of solid, surface,
and line distributions of mass or electricity; Gauss's theorem; equations of
Laplace and Poisson; distribution of charge on conducting surfaces; systems of
conducgtorsg spherical harmonics. Prereq,, S-224 (or S5-228). 3 hrs. rec., 6 hrs.
prep., 9 units,

S-266. Hydromechanics. Pressure in a perfect fluid; equilibrium of the
atmosghere; flotation and the stability of shirs; mathematical description of
plane fluid flow; incompressibility; irrotational motion; vortices; stream func-
tion; flow t a cylinder; Magnus force; equations of motion; Bernoulli's
equation. Prereq., S-224 (or S-228). 3 hrs. rec., 6 hrs. prep., 9 units.

S-271. Advanced Calculus IIL. Continuation of S-256 including theory of
functions of a complex variable. Prereq., S-256 (or S-254, or S-260, and ap-
proval of instructor). 3 hrs. rec,, 6 hrs. prep., 9 units.
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including curvature, lines of curvature, geodesics, geodesic curvature, con-
jugate and asymptotic lines; surfaces of center, surfaces of constant total
curvature, ruled surfaces, minimal surfaces, correspondences and mapping.
Free use is made of the moving triedral. Reference text: Eisenhart's Dif-
ferential Geometry. Prereq., C-4 and C-25; C-21, C-33, C-34 or C-57 are also
desirable. Offered in alternate years. Offered in 1945-46. 12 units per semester.
ProrEssor NEELLEY.

GC-7fa, b)) REAL VARIABLE AND FOURIER'S SERIES. Real number system;
Ca:l“S W point sets; sequences and series; limits and continuity; derivatives; the definite
integral; improper integrals; infinite series; integrals with a parameter;
Fourier's series and their convergence; Gibbs's phenomenon; Fourier's in-
tegrals. Prereq., C-33, C-34 or C-57; C-36 is also desirable. Offered in alternate
years. Offered in 1944-45. 12 units per semester. PROFESSOR MOSKOVITZ.

GC-7 CompLEx VARrIABLE. Complex numbers; conformal repre-
-F sentation; Cauchy's integral theorem; analytic continuation; Laurent's ex-
whnsen pansion; residues; entire functions and infinite products; meromorphic func-
tions and partial fractions; multiple valued functions and Riemann's surface.
Prereq., C-33, C-34 or C-57. Offered in alternate years. Offered in 1945-46.

12 units per semester. PrOFESSOR MOSKOVITZ.

GC-80a, b. READING AND REsEArcH. This course is designed to give op-
portunity to the graduate student in mathematics for reading and investigation
not provided for in the regular courses. Each student admitted to the course
will work in one of the following general fields and under the supervision of one
of the indicated members of the department. Offered each year. 9 or 12 units
per semester.

Algebra, Professors Neelley and Rosenbach.

Geometry, Professor Neelley.

Analysis, Professors Rosenbach, Moskovitz, and Clippinger.

Applied Mathematics, Professors Olds, T. L. Smith, Moskovitz, and

Clippinger.
GC-81. Tuesis. Units to be assigned.
Note: The advanced und duate courses are often acceptable for credit

toward a graduate degree in other departments.

DEPARTMENT OF ENGLISH

Proressor McLEop; ASSoCIATE PROFESSORS MacMmiLLaN, BEATTIE, AND
WRIGHT; ASSISTANT PROFESSORS KIRKPATRICK AND PARSHALLY; MESSRES.
GoobrELLow, CROWELL, FREIMARCK®, AND HOLDEN®,

Unless otherwise indicated, each subject is offered each semester.

UNDERGRADUATE COURSES

C-105, C-106, and C-107. Excrisi 1. English composition; weekly
themes; conferences; outside reading. 2 hrs. rec., 4 hrs. prep., 6 units eac
semester, ALL MEMBERS OF THE DEPARTMENT.

C-109 and C-110. Excrisa [. English composition; weekly themes; con-
ferences; outside reading. 3 hrs. rec., 6 hrs. prep., 9 units each semester.
ALL MEMBERS OF THE [DEPARTMENT,

C-105, C-106, and C-107 or C-109 and C-110 are prerequisite for all higher
courses in English.

*Leave of absence.
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C-28. Higuer MATHEMATICS FOR SCIENCE StunENTS. Introduction to
vector analysis, generalized coordinates, Lagrange’s uations of motion, soly-
tion of boundary valye problems in partial diﬁerend:(] equations (problems in
diffusion and heat flow, cooling, potential, and waye motion), Prereq., C-21.

nd semester; 3 hrs, rec., 6 hrs. prep., 9 units,

C-33. - Abvancep CaLcuLus 1. A more critical study of the fundamentals

of the differential calculus than is possible in the elementary coyrse. Topics
include: Rolle's theorem, theorem of the mean, Taylor’s theorem, and expan-
sion of functions in rower series; infinite series of constants and of functions;
functions of severa variables, and implicit functions, Prereq., C4. First
semester; 3 hrs. rec., 6 hrs. prep., 9 units,
) C-3ii. fAnvucxg ﬁ(i.aexécgwg é; A mox;;h critical study ‘of t'hc d:lﬁni:e
integral; functions de! Y definite integrals; improper integrals; m tiple
integrals; line, surface, and space integrals; a brief introduction to functions
of a complex variable; and other selected topics varying from year to year.
Prereq., 8—33.

C-36. Fourier's SERIES. Study of trigonometric series, with a plica-
tions to heat flow, electric fields, and other problems. Prereq., C-4. nd
semester; 3 hrs, rec., 6 hrs. prep., 9 units,

C-55, C-56, C-57 (See Bulletin of Evening Courses,)

qualified graduate students in mathematics, and the others will be given in
accordance with the indicated scheme of alternatives when the demand justifies,

GC-58a, b. Heavisme OPERATIONAL CarcuLus. A treatment of the sub-
ject, with applications to electrical networks and transmission lines and to
mechanical problems, Justification of the methods by complex int tion
and by the fa lace Transformation, ., C-21 or C-56, C-33 or -57, or
equivalent work in differential equations and in theory of functions of a com-
plex variable, Offered in alternate vears. Offered in 1945-46, 12 units per
semester, Proressor T, L, Smrts,

GC-59a, b. Texsor ANALYSIS AND THE Tueory oF RELATIVITY. The
Lorentz Transformation and the special theory of relativity; Riemannian
&eometry and the general theory of relativity, Prereq., C-21 or C-56, C-22 or

E-91; C-33 or C-57, and E-82 are also desirable, Not offered in 19484—“45. 12
ter. . SMITH,

Proressor T, I

GC-60a, b. PARTIAL DIFFERENTIAL EqQuations or MATHEMATICAL Paysics,
Boundary value and Eigenwert problems, orthogonal { unctions, vibrations and
resonance, in equations, and calculus of variations. Prereq,, C-21, and
preferably C-33, C-34 or C-57. This course is primarily for graduate students:
undergraduates wil| be admitted only if they have taken or are taking C-33
and C-34. Offered in alternate years, Offered in 1944-45, 12 units pfr semester,

C-7
fundamental properties of polynomials, determinants, an matrices; systems of
inear equations, linear transformations, invariants, covariants; bilinear and
guadratic forms; elementary divisors; theory of climination; groups, rings, and

elds. Reference texts: Bocher's Higher Algebra, Albert’s Modern ﬁi her
Alggbra, Van der Waerden’s Moderne Algebra, Prereq., C4, C-23, and Cz-25-
C-33, C-34 or C-57 are also desirable, O%eered in alternate years. Offered in
1944-45, 12 ynits per semester, ProFESsor NepLppy,

GC-71a, b, DIFFERENTIAL GEOMETRY. Among the topics treated are general

properties of curves including Cufvature, torsion; general Properties of surfaces
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SUBJECTS OF INSTRUCTION

The following is a description’of the subjects of instruction offered by the
various departments of the College of Engineering and Science and by the other
colleges of the Institute that give instruction to the students in the College of
Engineering and Science. The material is grouped as follows:

COLLEGE OF ENGINEERING AND SCIENCE
UNDERGRADUATE SUBJECTS

Course NUMBER DEPARTMENT PAGE
S-201 to S-299 Department of Mathematics. .. .................. 72
S-401 to S-450 Department of Physics. ... . . .. .. .. ... 76
S-101 to S-145 Department of Chemistry........................ 78
E-201 to E-236 Department of Civil Engineering. . ... ... o 80
E-260-262, 292

E-301 to E-399 Department of Management Engineering. . ... .. .. 82
E-401 to E-479 Department of Electrical Engineering. . .. .. ... .. 83
E-501 to E-550 Department of Mechanical Engineering. .. ... ... .. 85
E-601 to E-699 Department of Metallurgical Engineering. . ... .. .. 87
E-701 to E-749 Department of Chemical Engineering. ... ... .. .. 90
E-801 to E-805 Department of Drawing and Desc. Geom.. , . ... o1
E-901 to E-999 Department of PONNE, | . oo'cesoreisons s pamsinme 91

GRADUATE SUBJECTS
(GS-300 to GS-399 Department of Mathematics. . .. ........ s aeia el 116
(G5-450 to GS499  Department of Physies.. ... . ...... . . . emea 321
(G5-150 to GS-199  Department of Chemistry. ... ..., ... e 109
GE-237 to GE-299 Department of Civil Engineering. . ... ... . ... 112
GE-480 to GE-499 Department of Electrical Engineering. . . ... .. . .. 114
GE-590 to GE-599 Department of Mechanical Engineering. ... 117
GE-655 to GE-699 Department of Metallurgical Engineering. ... . . .. 119
GE-750 to GE-799 Department of Chemical Engineering. ... ... . .. 107
DIVISION OF HUMANISTIC AND SOCIAL STUDIES

C-701 to C-799 Courses in Social Relations. ....... ....... ... .. .. 04
C-101 to C-199 Departient of BAgUSh) . .« civimat srosin vansoiiono 95
C-201 o C-299 Department of Modern Languages. ... . .. ... = - +96
C-301 to C-399 Department of History. . ... o vioeeans o Lo 98
C-401 to C499 Department of Economics. . .. ... . ... .. . . 99
C-501 to C-599 Department of Psychology and Education. . .. .. .. 101

DIVISION OF PHYSICAL WELFARE
H-1 to H-14, H-11R to H-14R Department of Physical Education. . ... . 103

: DEPARTMENT OF MILITARY SCIENCE AND TACTICS
(OATV 0 S RO oo TR AR e E R L el 103
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DEPARTMENT OF MATHEMATICS

ProFESSORS SyNGE, ROSENBACH, AND NEELLEY; ASSOCIATE PROFESSORS

Durrin, Heins, Hoover, Jounson, LiGaTcap, MoskoviTz, Orps, SarBeL,

STARR, WEINSTEIN, AND WHITMAN; ASSISTANT PROFESSOR DIAZ; INSTRUCTORS

Duroux, EpsTEIN, GUSTAFSON, HAILPERIN, HAVEN, LAMBING, LEAMAN,

McCurpy, PeAcH, PEPPER, SACKS, SCHILD, SCHWARTZ, SLoaN, WALKER,
WHIDDEN, AND ZORA.

UNDERGRADUATE COURSES

S-221. College Algebra and Trigonometry. Review of certain topics in
entrance algebra; additional selected topics in college algebra; the trigonometric
functions of any angle; the solution of triangles, both with and without the use
of logarithms; radian measure; analytic trigonometry; trigonometric identities
and equations; inverse trigonometric functions. 4 hrs. rec., 8 hrs. prep., 12
units,

$-222, Analytic Geometry and Calculus I. Fundamental notions of calculus;
graphical representation; differentiation of algebraic functions in one variable,
with applications to problems in geometry and mechanics such as maxima and
minima, related rates, velocity, and acceleration; single and double integra-
tion of polynomials with applications to area, volume, and fluid pressure;
analytic geometry of the straight line and the conic sections: parametric
equations. Prereq., 5-221; but it is taken by certain selected entering students
who have had satisfactory training in the material of S-221 and whose other
qualifications are acceptable. 4 hrs. rec., 8 hrs. prep., 12 units.

$-223. Analytic Geometry and Calculus II. Graphical representation and
differentiation of trigonometric, inverse trigonometric, exponential, and
1 ithmic functions with applications; polar coordinates; integration by
substitution, by parts, and by partial fractions; further applications of integra-
tion to mean value, work, and arc length; solid analytic geometry; double
and triple integration with applications to area, volume, area of a surface of
revolution, center of gravity, moment of inertia, and attractipn. Prereq.,
S-222. 4 hrs. rec., 7 hrs. prep., 11 units.

S-224. Analytic Geometry and Calculus III. Introduction to statistical
methods; Maclaurin and Taylor series; approximate integration; hyperbolic
functions; Fartial differentiation with ap{)lications; ordinary differential
equations of the first and second orders, linear differential equations with
constant coefficients, applications. Prereq., S-223. 4 hrs. rec., 7 hrs. prep., 11
units.

$-226. Plane and Solid Analytic Geometry. The analytic geometry of two
and three dimensions, with emphasis on the method of using analysis in the
study of etry and geometry as a means of interpreting analysis, Prereq.,
S-221. 4 hrs. rec., 8 hrs. prep., 12 units.

Calculus I. This course is devoted largely to the differential cal-
culus, including the fundamental notions of derivative and differential of a
function of one variable, partial and directional derivatives of a function of
more than one variable, with applications to tangents and normals, maxima
and minima, rates, curvature, agfroximations and errors. The last part of the
course includes the inverse problem of indefinite integration. Prereq., S-226.
4 hrs_rec., 8 hrs. prep., 12 units.

Calculus II. The topics treated include: the definite integral, both
sim d multiple, with applications to area, arc lenith. volume, moment of
inertia, fluid pressure, and work; infinite series and methods of approximation;
hyperbolic functions; introduction to ordinary differential equations. Prereq.,
S-227. 4 hrs. rec., 8 hrs. prep., 12 units.
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ference; modern methods of solving the problems of specification, distribution,
and estimation. Prereq., S-224 (or S-228). 3 hrs. rec., 6 hrs. prep., 9 units each
semester.

§-205 and S-296. Mathematical Statistics I and II. Introduction to the
principles and methods applicable to the problems of collection, analysis, and
interpretation of observational data; measures of central tendency, dispersion,
skewness, and kurtosis; Bernoulli, Poisson, and Gaussian distributions;
Pearson curves and Gram-Charlier series; simple and multiple correlation and
regression; relation of theory of probability to statistical inference; sampling
theory, estimation, and tests of significance. Prereq., S-224 (or S-228). 3 hrs.

prep., 9 units each semester.
4 n Seminar in Mathematics I and II. Recent papers and
e S toblemaTe discussed at weekly meetings. Graduate students and
seniors specializing in mathematics are required to attend regularly. Each
stt::gent is required to lead the discussion at least once in each semester. 3 units
each semester.

DEPARTMENT OF PHYSICS

PROFESSORS SEITZ, ESTERMANN; AsSOCIATE Proressors CorseN, CREUTZ,
PRINE, PUGH, MAURER, SIMPSON; ASSISTANT PROFESSORS BESSEY, homnum,
Fox, KoenLER, MICHENER, SUTTON, WILLIAMSON;
InstrRUCTORS HaMMoND, LEIVO, vVON HEINE-GELDERN.

UNDERGRADUATE COURSES

S-401. Physics I. Introduction to Statics: The concel?ts of Force and
Torque, Equilibrium conditions, Hydrostatics, Archimedes' Principle. Prereq.,
S-221 (or concurrentli"). 2 hrs. rec., per week, 1 hr. lecture, and 2 hrs. labora-
tory in alternate weeks, 315 hrs, prep., per week, 7 units.

§-402. Physics II. Introduction to Dynamics: Displacement, Velocity and
Acceleration. Newton’s laws of. Motion and their application. ., S-222
(or ccncurrentlyz:nd S-401. 2 hrs. rec. per week, 1 hr. lecture and 2 hrs. lab.
in alternate weeks, 3 hrs. prep. per week, 7 units.

S-403. Physics III. Heat, Sound and Light. Temperature, thermal ex-
pansion, Equation of State. Calorimetry. Wave motion and fundamental
e‘r,opcrtia of Sound waves. Photometry, Reflection and refraction of light.

ave optics: interference and diffraction. Prereq., S-223 (or concurrently)
and S-402. 2 hrs. rec., 1 hr. lec., 3 hrs, lab., 5 hrs. prep., 11 units.

S-404. Physics IV. Electricity and Magnetism. Electrostatics, Production
and effects of electric currents. Measurement of electric quantities. Funda-
mental Properties of Magnetism. Prereq., S-223 (or concurrently) and S-402.
2 hrs. rec., 1 hr. lec., 3 hrs, lab,, 5 hrs. prep., 11 units,

S-405. ¢s A. Mechanics, Heat and Sound. An accelerated course in
elementary Physics. For advanced standing students only. Prereq., S-223 (or
coxilcurrently). 1 hr. lec., 3 hrs. rec., 3 hrs. lab., 8 hrs. prep. per week, 15
units.

5_2283-406. Physics B. Light and electricity. Continuation of S-405. Prereq.,

S-407. Survey of Elementary Physics. A concentrated course for advanced
standing students who require additional ound. Prereq., S-223 (or
concurrently). 1 hr. lec., 3 hrs. rec., 8 hrs. prep., 12 units.

S-400. Physical Measurements. Basic principles in physics supplementing
the courses in General Physics. Also a critical study of methods of making,




S T fr

COLLEGE OF ENGINEERING AND SCIENCE 75

§-272. Special Functions. Definition, properties, and applications of the
more common non-elementary functions, including the following: Gamma an
Beta functions; Bessel functions; dre, Hermite, Laguerre, and Tcheby-
chef polynomials; elliptic functions; ypergeometric function. Prereq., S-271.
3 hrs.rgc., 6 hrs. prep. 9 units.

Modern Algebra I and I Integers, rational numbers B’ fk hOFF
and nelds, ana rea numbers; polynomials: complex numbers; grou‘)‘ theory; m d
vectors and vector spaces; the algebra of matrices; linear groups; rank and de-
terminants; algebra of classes; transfinite arithmetic; rings and ideals; algebraic M ac ng.
number fields; Galois theory. Prered., S-242. 3 hrs. rec., 6 hrs. prep., units
each semester.

$-276. History of Mathematics. The development of mathematics through
the calculus, emphasizing significant _events, eminent mathematicians, the
related literature, and sources of our information. Prereq., 5-224 (or S-228).
2 hrs. rec., 4 hrs. prep- 6 units.

§-277 and S-278. Practice Teaching 1 and II. Classroom teaching under
supervision; reading of pedagogiml literature relating to mathematics; re-
ports; conferences. Prereds 224 (or S-228). Number of units variable, de-
pending on amount of work done.

Jensor Calculus and Applications. The tensor concept; absofute and L)
covarm differentiation; esics; curved spaces and the curvature tensor
Cartesian tensors; Lagrange’s dynamical equations; fundamental equations of ,t-ex-t
continuous _media and e ectromagnetic radiation; introduction to eneral
relativity. Prered., §-256 (or S-254, or S.260). 3 hrs. rec., 6 hrs. prep., units.

S-284. Theory of Vibrations. Vibrations of a discrete system treated by
Lagrange’s equations; normal modes and frequencies; dissipative systems;
forced vibrations; vibrations of elastic bars and membranes; sound waves;
methods of approximating natural frequencies. Prereq., 5-261. 3 hrs. rec., 6
hrs. prep., 2 units.

S-287. Elasticity. Analysis of strain and stress; c?uations of equilibrium;
stress-strain relations in isotropic bodies; equations 0O compatibility; bending
of beams, torsion, and flexure; irrotgtional strain; _spherical shell and hollow

cylinder under pressure; plane strain and generalized plane stress. Prereq.,

S-288. Aerodynamics. General three-dimensional motion of a fluid; vortex
tubes; irrotational motion; flow past a sphere; plane flow patterns discu
with complex variable; theorems of Blasius and _!oukowsky; conformal trans-
formation; Joukowsky and other profiles; airfoil of finite span and induced
drag. Prereq., S-266. 3 hrs. rec., 6 hrs. prep- 9 units.

5-201 and S-292. Statistical Quality Control I and IL Elementary statisti-
cal methods and their application to industrial problems; construction an
interpretation of Shewhart charts; Sealy’s modified techniques; Dodge-Romig
and Army Ordnance Tables for acceptance sampling; quality assurance for
sampling by measurement; introduction to scquennal analysis; methods of
correlation; elementary analysis of variance. This course is designed primarily
to fill the needs of persons responsible for the design, control, or appraisal of
manufacturing processes or products. Prered., college algebra, industrial ex-
perience, and approval of instructor. 3 hrs. rec., 6 hrs. prep., 9 units each
semester.

S-203 and S-294. Introduction to Probability and Mathematical Statistics
1 and II. The theory of probability and its application to the problems of col-
lection, treatment, and interpretation of statistical data; measures of centra

.

tendency, dispersion, and correlation; sampling techniques; statistical in-



April 1,1948

My dear Mr,Nash:

I have pleasure in informing you that you have been

appointed by the Faculty of Princeton University as

Jo5.K. FELLOW

for the academic year 1748-1949, at & stipend of §700. Notice of

acceptance before April 15th is requested. The academic year will

begin on September 20,1948, and graduste students are required to

register on or before that day.

Sincerely yours,

Mr.John Forbes Nash,Jr.




PRINCETON UNIVERSITY
THE GRADUATE SCHOOL

This is to certify that on __ March 4,1949
Yr, John F, Nash, Jr,

was tested in his reading knowledge of German
(Language )

and that he satisfactorily sustained this test.

(Signed) é (/%\

For the Department of Mathematics




PRINCETON UNIVERSITY
THE GRADUATE SCHOOL

This is to certify that on  May 27, 1949
M. John F, Nash, Jr,

was tested in his reading knowledge of French

(Language )

and that he satisfactorily sustained this test.

(Signed)
For the Department of




PRINCETON UNIVERCITY

THE GRADUATE SCHOOL

Date October 12,1949

lr., John ¥, Nash, Jr, took the General

Examination given by the Department of Mathematics

on October 11, 1949 . In the judgment of the
(dae)
Department he has sustained the examination.* His principal

examiners were: Professors N, E, Steenrod, Chairman, Alonzo

Church and D, C, Spencer

Estimate of the quality of performance of the candidate:

The candidate passed an excellent examination,

Ratings W \ﬁ%»\
Excellent x

Very Good Departmental Representative
Good

Passing
Failed

#If the candidate did not sustain the examination, the Dean
of the Graduate School should be so informed by letter.
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June 8,199

Dear Mr,Nash:

I acknowledge racetﬁ“ of your recent undated letter,accepting
a room assignment in the Graduave College for next year., Flease be assured
that there is no compulsion connected with your accepting an assignment. It
would appear,from the tone of your communication,that you might prefer to
live elsewhere. I1f that is the cese, T will be heppy to assign your suite
to a person on the long waiting list,

Very sincerely yours,

ir.John lash, Dean of the Graduate School

Princeton,New Jersey
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Abstract

This paper introduces the concept of a non=cooperative game and
develope methods for the mathematical analysie of such games. The
games considered sre neperson games represented by means of pure stra=
tegies and pay-off functions defined for the combinations of pure
strategies.

The distinction between cooperative and non-cooperative games is
unrelated to the mathematical desoription by means of pure strategies
and pay-off functions of a game. Rather, it depends on the possibility
or impossibility of coalitions, communication, and side-payments.

The concepts of an equilibrium point, a solution, a strong solution,
a sub=-solution, and values are introduced by mathematical definitions.
And in later sections the interpretation of these concepts in non=-cooper=
ative gumes is discussed.

The main mathematical result is the proof of the existence in any
game of at least one equilibrium point. Other results concern the geo=
metrical structure of the set of equilibrium points of a game with a so=
lution, the geometry of sub-solutions, and the existence of a symetrical
equilibrium point in a symmetrical game.

As an illustration of the possibilities for application a treatment
of a simple three-man poker model is included.
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2 RAND.........

1500 FOURTH ST « SANTA MONICA «» CALIFORNIA

June 26, 1950 1-5L66

Princeton University
Princeton
New Jersey

Attention: Registrar

'Gentlenen :

The RAND Corporation is conducting research for the United
States Air Force on matters affecting the national security,
In order that we be in a position to recommend our personnel
for security clearance, it is necessary for us to verify
certain factual data furnished by our employes and to request
information concerning their character,

Dr. John F, Nash, Jr., who is retained as a consultant by The
RAND Corporation, was a former student at Princeton University,
We should greatly appreciate your answering the enclosed question-
naire concerning Dr. Nash and returning it in the enclosed

stamped envelope.

You may be assured the information you furnish will be treated
in utmost confidence,.

Very truly yours,

Cecil A, Weihe
Personnel Manager

CAW: jd

Enclosure




lr. John Nash was examired orally by

the Department of Mathematics

on May 29, 1950 « In the judgment of the Department

he sustained the examination, and is hereby recommended for the degree

of Doctor of Philosophy,.*

His principal examiners were_ Professors J. W. Tukey (Chairman),

E, Artin, and David Gale

Estimate of the quality of performance of the candidate:

The candidate passed an excellent examination in the field
of his thesis,

Final Rating:
Excellent x
Very Good
Good

Passing
Failed

#If the candidate did not sustain the examination, the Dean of the Graduate
School should be so informed by letter.







Date May 22, 1950

Ir. John Nash presented to the Department of

Mathematics in candidacy for the degree of Doctor

of Philosophy a dissertation with the title:

Non-Cooperative Cames

Wiritten under the direction of  Professor A. W. Tucker

The Department appointed Professors Tucker

and Tukey _ to read this dissertation and, after

consideration of their report, the Department hereby recommends to the Faculty

the acceptance of the dissertation. Estimate of the dissertation:

This is a highly original and important contribution to the Theory
of Games, It develops notions and properties of "non-cooperative" finite
n-person games which are very interesting in themselves and which may open up
many hitherto untouched problems that lie beyond the zero-zum two-person games.
Both iIn conception and in execution the thesis is entirely the author's own,

The Department desires to hold the Oral Examination of the candidate
on Monday, May 29 at 10 Am in Fine 207, >

Chairman or Jepartmental ﬁepreej\tative

Before the Oral Examination can be authorized, it will be necessary for the
candidate to file two copies of his dissertation in the Office of the Graduate
School, and also a receipt from the Controller of the University for the
payment of the diploma fee of $15. and the $25, deposit to ensure the publica=-
tion of the dissertation. The Department is requested to notify the candidate
of these conditions.

If these conditions have been met and the desired date is satisfactory,
the Department will be notified that it is authorized to hold the examination,




The Graduate School

Professor L.Artin
The Graduate School
Final oral examination May 25,1950

Dear Mr.Artin:

Your Department is hereby authorized to conduct the final oral
examination of Mr.John Nash at 10 o'clock Monday morming,May 29,1950 in
Room 207 Fine Hall. Please see that each member of your Department is notified
of this examination, and that a notice concerning it is placed on your
departmental bulletin board.

Very sincerely yours,



/J'RTHER QUESTIONS TO BE ANSWERED BY EVERY APPLICANT

Single? ..#7..; Married? ...... , Number of children?...... ; (If single, do you expect to change this status
before the end of the next academic year?) ..... i T N S SN T T et )
If married, or expect to be married before the end of the next academic year, have you additional resources to provide
for the support of your family next YEBP? .viiiimmiasaasivesva sves v seniineeie e e oa seaisee s aAAT N
Can you read books in your chosen field of study in French? ..#@............ In German? ...... /65 ara
Can you read simple-Latin prose? o .M coe e vasinemes aaaies e s e ssee s oste e s esis i s seseessses
What foreign languages other than these can youread? . MO ... .o.oiiiiiiiiiiiiiiiiiiiaeiiiiinaannns

Since a reading knowledge of French and German is necessary for graduate study as conducted at Princeton for the
degrees of M.A. and Ph.D,, it is important that a candidate acquire such a reading knowledge as quickly as possible.
Such candidates are expected to take an examination in one of these languages early in the first term. (See catalogue
for special departmental regulations concerning language examinations.) If you are applying as a candidate for an
M.A. or Ph.D. degree and are not prepared to take an examination in these languages upon admission, what plan
have you for increasing your attainment in these languages before next year? L pu?a,n .ejt/ler. o

imprave. my. Germm aad Jewn. Feewch. . ths. sommer.av. next. Fall.. tb e :;,"d! 'z

-
Indicate original work or investigation which you have done, and list with title, date, and place of publication any books
or contributions to periodicals.

Co-author. oF. article. in. Oct. JAU.. Cyginceting. [ wotk aFa simple
natore. g dave. . while. in. ng}z.széaoﬂ While in .4?//‘9;’:3 L have. wotked. on. sevevs/

pPYohleris of.my.owen. inventim. co. . nembe. thed yo. topaleg sy @cotovvic. Ahesyamd malysis,

Indicate, with dates, academic positions you have held, such as fellowships and teaching positions, giving the name
of the institution:

------------------------------------------------------------------------------------------

..........................................................................................

Indicate, with dates, business positions you have held, giving the name of the firm:

Suvmmer.. /947 . Stodent. Jrawce... at. Mestingose
Reseaich. /eahqratoy;z. Lbecavse. T bada. G .U».’c:stigtbouse : .S'db/x;h;p]
To what career do you look forward? eﬂlﬂ?ﬂh . Math. e its. ﬂf/[i@?t ion. to.allied . Fields,. .

How many years of graduate study do you now contemplate? Mo.moVe . tdw : g .b&Pdre, 7 Pb..D ,,,,,
MFA: oo SEng. ...q.... PAD. .57,

Check degree for which you plan to qualify. MLA. ........ 56 :
Signature of applicant %A Vs A % .............

Check below the items you are supplying:
Py St

Transcript of record: undergraduate ........... 0. ...t praduatel ... Neohensses i
Graduate Record Examination .......ceeveneruscascnannnes Photographs ..... / P
Detailed Statement of Courses ............. ‘/ IV LOIEE Other Documents ............

When the above questions have been answered, your application should be forwarded to the Dean of the Graduate
School, Princeton University, Princeton, New Jersey.

P/de’C Cang,'def me Foi‘ a tcach:y Pos/tion 4/90_




‘ubli dai

. CXVHI, No. 98

== | Dagly ¥ ILINUE LUINLAIN| |

Princeton, New Jersey, Wednesday, October 12, 1994

30 Cents

Nash wins Nobel Prize in economics
Nobel committee cites classic work in game theory

By MELISSA SCHAPIRA

Continuing its recent recognition
of Princeton’s faculty, the Royal
Swedish Academy of Sciences
announced yesterday that Visiting
Research Collaborator John F. Nash
GS ’50 was one of three recipients
of the 1994 Nobel Prize in Eco-
nomic Sciences.

Reporters, photographers and
television crews joined students and
faculty in a packed Jadwin Hall
anditorium for a press conference
following the announcement.

Answering questions from the

"~ crowd, Nash said he felt the award

was “a great honor.” However, he
quipped, “the money could be bet-
ter.”
Money

" Nash will share the $930,000
prize with John Harsanyi, a retired
professor from the University of
California at Berkeley, and Rein-
hard Selten from the University of
Bonn.

He declined comment on how he

-will use the award money, joking

that a response “might affect his
credit rating.”

Explaining that he had heard
rumors of his selection for the
award as early as Monday, Nash
said he awoke early yesterday in
anticipation of the “traditional
phone call” to notify Nobel win-
ners.

“I should have stayed in bed,” he

quipped, noting that the call, which
he had expected between 6 a.m. and
7 a.m., did not come until after 7
am
Nash equiltbrium
Nash is best known for the con-
cept of the “Nash equilibrium,”
which he presented in his Ph.D,
thesis for the university’s mathe-
(Confinued on page four)

While most students in microe-
conomics courses are familiar
with the “Prisoner’s Dilemma,”
few may realize that the relatively
simple model is an example of the.
theory that just earned John Nash
GS 50 a Nobe! Prize.

Nash is best known for intro-
ducing the concept of equilibrium

Nash’s work helps predict

decision-making process
By MELISSA SCHAPIRA

in competitive games. In his
Ph.D. thesis, Nash proposed his
theorem that “every finite game
has an equilibrium point.”
Assistant economics professor
Timothy Vanzandt explained
game theory as “the strategic
interaction between people (who)
{Continued on page five)

Police discover dead man in van,
say death due to natural causes

By HOWARD GERTLER
Authorities yesterday identified

. the man found dead in a van on

Western Way Monday night as
Richard Hagadorn, a jocal painter.
An autopsy performed yesterday

white T-shirt and was surrounded
by clothes and boxes, he said.

James then called for back-up.
When the additional officers
arrived, Best said, they “realized
he’d appareuntly expired.”

scarching and photographing the
inside of the van.

“Earlier in the evening, police
had secn (Hagadorn) alive in the
vehicle — around five o’clock,”
Slaboda said. The actual time of



esbian Gay Bisexual
Alliance presents...

ICHAEL CADDEN
lirector, Program in
T'heatre and Dance

Speaking on:
‘Angel in America?
he Pink-Listing of

Roy Cohn”

DAY, OCTOBER 12
4:30 p.m.
odrow Wilson Bowl1 -
Presented as part of the

994 LGBA Awareness Week.
For more info call 258-4522,

Nash coﬂects-Nobel for theories

(Continted from page one)

matics department in 1950. His the-
orem describes a situation in which
all players in a game make optimal
decisions when they have incom-
plete knowledge of their competi-
tors’ choices,

While his work has been influen-
tial in the field of economics, Nash

_said his interests lie primarily in

mathematics and theoretical
physics. He noted that other disci-
plines, such as psychology, have
“certainly been relevant” in the
study of game theory, but ques-
tioned whether “a social science
(is) really a science.” Economics,
be said, is “on the borderline.”

When asked how his work had
changed that particular discipline,
he remarked, “I see my name cited
more often.”

Mathematics department chair
Joseph Kohn praised Nash as a
“superb mathematician.” Alluding
to a quote from Isaac Newton, he
noted that “a whole generation of
mathematicians has seen further by
having stood on the shoulders of

- John Nash.”

Nash joins a large contingent of

WEDINESDAY'S SPIRITED WOMEN
October 12, 1994
“COMING OUT: MY SACRED STORY”

JULKE AEGERTER
UNITARIAN UNIVERSALIST INTERN

a discussion

12:00 NOON, WESTROOM MURRAY-DODGE

MOEOTRRT AW W e e T —————

previous Nobel winners associated
with the university. Last year, three
members of the university commu-
nity were recognized for their
accomplishments.

In October 1993, humanities pro-
fessor Toni Morrison earned the
Nobel Prize for Literature. Morri-
son, author of the Pulitzer Prize-
winning novel “Beloved,” was the
first African-American woman to
receive the award.

Six days after the announcement
of Morrison’s prize, the Swedish
Academy awarded the Nobel for
physics to Princeton Plasma
Physics Laboratory researcher Rus-
sell Hulse and professor Joseph
Taylor.

Hulse and Taylor shared the prize
for their discovery of the first bina-
ry pulsar. Their research, which
began nearly 20 years before they
received the Nobel, confirmed
important predictions of Einstein’s
general theory of relativity.

Math research

Although no Nobel Prize specifi-
cally recognizes accomplishments
in mathematics, Nash is not the
only Princetonian whose work in
that field has recently received
attention. In 1993, mathematics
professor Andrew Wiles annonnced
that he had found a proof for Fer-
mat’s Last Theorem, a problem that

had daunted mathematicians for
(Continued on page seven)

Princeton’s Nobel Prize Winners

Physics
ALBERT EINSTEIN, Institute for Advanced

Study

ARTHUR COMPTON GS "16

OWEN RICHARDSON, physics professor
P.A.M. DIRAC, visiting professor in

mathematics and physics
CLINTON DAVISSON GS 11
WOLFGANG PAULI. physics lecturer
JOHN BARDEEN GS 36
ROBERT HOFSTADTER GS '38
EUGENE WIGNER, physics professor

RICHARD FEYNMANN GS '36

JOHN BARDEEN GS '36

‘PHILIP ANDERSON GS "49, physics professor
ARNO PENZIAS. visiting lecturer

STEVEN WEINBERT GS 53

*VAL FITCH. physics professor emeritus
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Game theory

(Continued from page five)
for him, depending on others’
strategic choices.

Dixit said Nash equilibrium has
been applied in the determination
of fiscal and monetary policy. The
Treasury and Congress, who deter-
mine fiscal policy, can be consid-
ered one “player” in the “game.”
The Federal Reserve, which sets
monetary policy, is a second player
with 2 “slightly different strategy,”
he explained.

Economics professor Richard
Quandt described Nash equilibrium
as “astate in which, given what the
other players are doing, what any
one player is doing is optimal.”

“It’s essentially a mathematical
concept,” he said, adding that the
theory has “zillions of applications
in game theory.”

The Prisoner’s Dilemma, created
by Nash’s graduate thesis adviser,
mathematics professor Albert Tuck-
er, is an example of a game that can
be solved using Nash equilibrium.

The Prisoner’s Dilemma is a theo-
retical situation where two parties are
forced to compete rather than
erate to reach an optima!l solution.

OFFICIAL NOTICES

The Daily Princetonfan publishes
notices as a service to the com-
munity. Notices will NOT be printed unless
they are submitted by 1 p.m. the day
before they appear. Each submission wiil
run for a maximum of THREE DAYS,

FELLOWSHIPS/FOREIGN STUDY
Classes of ‘96, *97 and '98: National
Endowment for the Humanities Younger
Scholars Award, The award provides funding
for noncredit-independent summer rescerch
and writing projects in the Humanities, Pick
Ip an application now in 408 West College,
‘The application deadline is Nov. 1, 1994. (12)
Whitaker  Foundation Graduate fellow.
ships in Biomedical Engineering: For seniars
who intend to work towands s PhD. oc Sc.D.
degrec in enginccring, with a concentration in
biomedjcal engincering. Provides a $16,000
living aliowance, plus a cost-of-cducation
allowance paid directly to the study institg-
lion in lieu of tuition and fecs, and an addi-
tional payment of $1,500 to the institution to
be used for the easional development
the fellow. Momp"n:gomaﬁon is in 408 West’
College. Deadiinc: December 9, 1994, (12)
Peterhonse — Cambridge Research Stu-
dentships. A maximum of three awards wiil
bo given to students who intend to pursue a
PhD. at the University of Cambridge. Pro-
vide¢a payment of university fees, plus an
allowance for living expenses. Note that you
must apply separately for admission to Cam-
bridge to be considered. Moro information is
availsble in 408 West e. Deadline for
applications: April 1, 1995. 12}
Study Abroad at King’s College, Universi-
ty of London. An informational meeting will
be held on Thirs., Oct, 13 at 4 p.m. in 301
West College. Call Dean Kanach's office at
8-5524 if you arc unable to attend. (12)
Labouisscs Fellowship — one ycar foreign

STUDENTS interested in working as Tiger

Pstrols with the Department of Public

Safety should contact Josh Hards at
or Publiic Safety at x83133.

HELP STOP WORLD HUNGER — JOIN
THE CROP WALK! Join the walk to stop
world hunger on Sunday, October 16th,
For detafls and registration forms come to
the SVC office, 22 Murray-Dodge. .

OFFICE ASSISTANT - Part-time position
for reliable, friendly person with good
communication skills at Optometrists’
office in the Princeton MarketFair. After-
hoon, evening and weekend bours® perfect
for college student. Cali Pam at 520-1008,

CPR Classes avaflable: Sat., Oct. 15, 9-4
B-m. {1/2 hour break for lunch), Call
Health Education Office-information/reg-
istration.

FUNDRAISING!!! Choose froin 3 differ.
ent (undraisers Iasping either 3 or 7 days.
No investment. Earn $3$%$ for you groap
Plus personal cash bonuses for yourself,
Call 1-800-932-0528, ext. 65.

*¢*SPRING BREAK 95%++
America’s #1 Spring Bresk Company!?
Cancun, Babhamss, Daytona &Panama!
110% Lowest Price Guarantee! O
15 friends and TRAVEL FREE! Earn
highest commizsionn! (800) 32-TRAVEL,

FALL REACH OUT DAY! Enjoy a couple
hours outdoors raking leaves for some
elderly people in town who have asked for
studens help. sign-up alone (we’}l match
You up} or with friends. Go at 1 p.m. snd
rake » few hours, Sign.up in the SVC
offlce, 22 Murray-Dodge.

NO GIMMICKS — EXTRA INCOME
NOW!! Envelope stuffing — $600 . $80¢

every week, Free Details: SASE to Inter. -

natfonal Inc.,1375 Coney Island Avenue,
Brooklyn NY 11230.

DAILY CROSSWORD PUZZLE

Edited by Trude Michel Jaffe

ACROSS 4 Lyric .
1 Part of rye 5 Capital of
bread Northem Ireland
6 Brass € Loafer omament
instrument 7 Monad
10 Pluck 8 Stupefied
14 Street show 9 Dined

15 Dill, in the Bible 10 Swordsman
16 Folk follower 11 — numerals
17 — costs: by 12 Peace goddess

ANY mMaane 12 Daumemisl

42 Weight 50 Shakespeare's
allowance Athenian

43 Sang 52 Pitlar
joyousiy 55 Lubricates

45 The 56 Shadow
roadrunner’s 57 Italian noble
pursuer family

46 Mocassin 58 Property

48 Peruvian transfer

49 Nary a souf 60 Be in debt

rescarch/scrvice grant for graduating senior
interested in problems bearing on improve-
ment of conditions in the less developed
woeld. Informational mecting Fri., Oct. 14, at
12 p.m. in Room 215 Bendbeim Hall. Appli-
cations available in Room 117 Bendheim
Hall, 8-4852. If questions contact John
Waicrbury, 8-4850, 14
CAREER SERVICES
Attention freshmen, sophomores, and-
Jjuniors| Just a reminder that the 0on-CAmpus
recruiting progeam is not only for seniors.
arc companies who are interviewing
for summer positions as well ax fall-time,
year-round positions. Also, many i
will provide information about summer
employment even if they arc not actually

~mmicwingformmma.'lﬁ;isasrﬁwny

to get cxpericnce in the corporate world,
Come into our office and check the rectuiting
binders for information.. (149
All scniors and graduate stadents sceking
employment for next ycar are now invited to
bring their onc-page resumes to the Career
Services Office (201 Nasau St) to be iactud-
cd in resame books we will offer cmployerx.
The service is fioe to participating stndents,
but you must complete a short registration
form aad clip it to the resume you submit.
Further information about this serviee is
available in Career Services at the Recruiting
Desk, Bring your resume in ASAP, peeferably
by Mon., Oct. 24. Resumes submitted after
that date can be included buy may not receive
maximum cxposure, All resumes must be
limited to onc page. The Career Scrvices
Office is open 8:45 am. t0 4:45 pm. 13)
A representative from the Darden Gradu-
ate School of Business, University of Virginia
will be holding Information Sessions at
Career Service on Mon., Oct. 31 from 10
am to ! p.m. Sign-ups at Carcer Services arc
required. (The scasions will be held in one
hour intervals.) 14)
REGISTRAR .

Deadline for grading option changes is
Qct. 14. Completed forms must be submitted
to the Office oflhc.chisu::rbySp.m.

col
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Commencement. In its de
has found it useful to refe
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reviews eac

1. Genuine achievement and
the University: the advanc
and for the public welfare
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Nash’s most notable work deals with game theory, which attempts
to predict how individuals will make dedsions under uncertainty.

(Continxed from page one)

generally look out for their own
" interests.”

He offered a simple exampie in
the interaction of cars and pedestxi-
ans. Either drivers must wait for
pedestrians to cross the street or
pedestrians must let cars have the
right of way. The “game” is “finite”
because only two solutions are
available.

“What one (player) wants to do
depends on what the other will do,”
VYanzandt noted.

The “game” reaches equilibrium
when each “player,” knowing what
the other has decided, can make the
best decision. If, for example, all
pedestrians know they must wait
for cars to pass, the drivers can
choose to continue without stop-
ping for those on foot.

Each side can make the optimal
decision by anticipating what the
other will do. Pedestrians, not

expecting cars to stop, will not
choose to cause accidents, while
drivers, expecting to proceed quick-
ly, will not choose to slow down. -

“When (their) expections and
(their) choices are consistent,” nei-
ther side will want to deviate from
the decision that creates this equi-
librium, Vanzandt said.

Nash Equilibrium is the “basic
conceptual framework for analysis
of strategic interaction,” economics
professor Avinash Dixit explained.
In competitive markets, individual
businesses must consider their com-
petitors’ actions and reactions
before making decisions.

The need for “strategic competi-
tion,” Dixit noted, leads to “circular
thinking.” Nash equilibrium pro-
vides a way to “cut through the cir-
cle,” he said. Each competitor’s
strategic choice is that which is best

{Continued on page nine)
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THE NEW YORI

3 Economists Share a Prize for

__ JohnF.Nash

- John F. Nash, by most accounts
the rock on which the mathematics
of game theory was built, was born
in Bluefield, W. Va., in 1928. He went
to college at the Carnegie Institute of
Technology, now Carnegie-Mellon
University, in Pittsburgh, switching
from chemical engineering to math-
ematics after his freshman year in
1945.

" His ascent into the academic elite
was rapid. After receiving both a
bachelor’s and master’s degree
from Carnegie in 1948, he completed
-a Ph.D. in mathematics at Princeton
University in just two more years.
His Ph.D. thesis, ‘‘Noncooperative
Games,”’” which was published in the
journal Annals of Mathematics, laid
out the framework for much of mod-
ern game theory.

Mr. Nash introduced the distinc-
tion between cooperative games, in
which binding agreements can be
made, and noncooperative games,
where binding agreements are not
feasible.

He developed an equilibrium con-
cept for noncooperative games that
came to be known as the Nash egui-
librium.’

Mr. Nash went to the Massachu-
setts Institute of Technology as an
instructor in 1951, later being pro-
moted to associate professor. Struck
down by mental illness in the late
1950's, he resigned from M.LT. and

Ehe New Hork Eimes

Wiliam E, Sauru.’m New York Times

since then has spent most of his
years at Princeton. For a time he

was a visiting scholar at the Institute:

for Advanced Study there,

For most of the last quarter-centu-
ry, he has been associated with
Princeton as a ‘*‘visiting research
collaborator’’ without formatl obliga-
tions to the institution.

He is said to lead a quiet life in the
Princeton community, nurtured by
Iriends and associates on the faculty.
In deference to his wish for privacy,
no details of his family life were

) made available.
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[Lost Years ot a Nobel Laureate

By SYLVIA NASAR

PRINCETON, N.J.,

EVERAL weeks before the 1994 Nobel prize in
Seconomics was announced on Oct. 11, two math-

ematicians — Harold W. Kuhn and John Forbes
Nash Jr. — visited their old teacher, Albert W. Tucker,
now almost 90 and bedridden, at Meadow Lakes, a
nursing home near here.

Mr. Nash hadn’t spoken with his mentor in several
years. Their hour-long conversation, from which Mr.
Kuhn excused himself, concerned number theory. When
Mr. Nash stepped out of the room, Mr. Kuhn returned to
tell Mr. Tucker a stunning secret: Unbeknownst to Mr.
Nash, the Royal Swedish Academy intended to grant
Mr. Nash a Nobel Prize for work he had done as the old
man’s student in 1949, work that turned out to have
revolutionary implications for economics.

The award was a miracle. It wasn’t just that Mr.
Nash, one of the mathematical geniuses of the postwar
era, was finally getting the recognition he deserved.
Nor that he was being honored for a slender 27-page
Ph.D. thesis written almost half a century ago at the
tender age of 21.

The real miracle was that the 66-year-old Mr. Nash
— tall, gray, with sad eyes and the soft, raspy voice of
someone who doesn’t talk much — was alive and well
enough to receive the prize. For John Nash was stricken
with paranoid schizophrenia more than three decades
earlier. '

Mr. Nash's terrible iliness was an open secret °

among mathematicians and economists. No sooner had
Fortune magazine singled him out in July 1958 as
America’s brilliant young star of the ‘new mathemat-
ics” than the disease had devastated Mr. Nash's per-
sonal and professional life. He hadn't publ_i_shed a
scientific paper since 1958. He hadn’t held an academic
post since 1959. Many people had heard, incorrectly,
that he had had a lobotormy. Others, mainly those
outside Princeton, simply assumed that he was dead.

He didn’t die, but his life, once so full of brightness
and promise, became hellish. There were repeated
commitments to psychiatric hospitals. Failed treat-
ments. Fearful delusions. A period of wandering around
Europe. Stretches in Roanoke, Va., where Mr. Nash's
mother and sister lived. Finally, a return t¢ Princeton,
where he had once ‘been the rising star. There he
became the Phantom of Fine Hall, a mute figure who
scribbled strange equations on blackboards in the
mathematics building and searched anxiously for se-
cret messages in numbers, .

Then, roughiy 10 years ago, the awful fires that fed
the delusions and distorted his thinking began to die
down. It happened very gradually. But, by his mid-50's,
Mr. Nash began to come out of his isolation. He started
to talk to other mathematicians again. He began to
work on mathematical problems that made sense. He
made friends with several graduate students. He didn’t
get a job, but he started to learn new things, like using
computers for his research.

And here he was at Meadow Lakes. Within a few
weeks, Mr. Nash got the early morning telephone call
from Stockholm — 45 minutes late, as-it turned out —
telling him that he was being honored along with two
other pioneers of game theory, John C. Harsanyi_ of the
University of California at Berkeley and Reinhard
Selten of the University of Bonn. '

Alicia Nash, with whom Mr. Nash shares a home

near Princeton even though the couple were divorced -

years ago and who was let in on the secret along with
Mr. Tucker, breathed a sigh of relief. They calted their
son, also a mathematician, and Mr. Nash’s sister to tell
them the greal news, Later, there were champagne
corks and a news conference, dry Nashian jokes aboul

the prize money not being all that good (his share is
about $310,000) and consultations with other Princeton
laureates about the proper way to address Sweden's
King and Queen when the award is presented Dec, 10,
There was cven an invitation to visit the White House,
on Nov. 28,

On one level, John Nash’s story is the tragedy of
any person with schizophrenia. Iincurable, incapacitat-
ing and extremely difficult to treat, schizophrenia plays
terrifying tricks on its victims. Many people with the
disease can no longer sort and interpret sensations or
reason or feel the full range of emotions. Instead, they
suffer from delusions and hear voices.

- But in Mr. Nash’s case, the tragedy has the added
dimensions of his early genius — and of the network of
family and friends who valued that genius, -wrappihg
themselves protectively around Mr. Nash and provid-
ing him with a safe haven while he was ill. There were
the former colleagues who tried to get him work, The
sister who made heartbreaking choices about his treat-
ment. The loyal wife who stood by him when she no
longer was his wife. The economist who argued to the

Nobel committee that mental illness shouldn’t be a bar

to the prize. Princeton itself.

Together they made sure that Mr.
Nash did not wind up, as so many
victims of schizophrenia do, a pa-
tient in a state hospital, a homeless
nomad or a suicide.

Schizophrenia usually strikes peo-
ple in their teens or early 20’s, often
without warning, just as they are
about to spread their wings. Mr.
Nash was struck when he had al-
ready begun to soar.

Schizophrenia is often confused
with manic depressive illness, the
disease that afflicted Vincent Van
Gogh, Virginia Woolf and a host of
other geniuses. But that illness, pri-
marily a disorder of mood rather
than of thinking, typically arrives
later in life. Sufferers can often hold
high-fevel jobs and do extremely cre-
ative work between bouts. Schizo-
phrenia, on the other hand, is too
debilitating to co-exist with great
accemplishment.” Nijinsky, the Rus-
sian dancer, is one of the few known
victims of schizophrenia other than
Mr. Nash to have made his mark as
a genius before the disease struck.

“It is always sad, but particularly
when it involves someone as bright
as he is,”’ said John C. Moore, a
retired mathematician who was
close to the Nashes for 30 years.
“These would have probably been
his most productive years.”

Mr. Nash has never talked about
his illness publicly except to refer
obliquely, at the news conference
announcing his Nobel, to the fact that
he had made some irrational choices
in the past. He declined to be inter-
viewed for this story, saying, “Peo-
ple know what they know.”

But many of the peopte who have
been close to him over the years or
got to know him in the last few years
have been willing, now that he has
the extra protection of the mantle of
a Nobel prize, to tailk about his life
and his achievements.
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Starting Out

The First Signs
Of Genius

John Nash's West Virginia roots
are often invoked by people who
knew him at Princeton or at the
Massachusetts Institute of Technol-
ogy, where he taught for a while in
the 50's, to explain his lack of world-
liness. But Bluefield, the town where
he grew up, was hardly a backwater.
It had the highest per capita income
in the state during the 30’s and 40’s
and was home to a handful of mii-
lionaires, the Virginia Southern rail-
road and a four-year Baptist college.

Mr. Nash’s mather, Margaret, was
a Latin teacher. His father, John Sr.,
was a gentlemanly electrical engi-
neer. By the time John Jr. and his
younger sister were in elementary
school, in the middle of the Depres-
sion, the Nashes lived in a white
frame house, down the street from
the country club.

Nothing was more important to
the senior Nashes than supervising
their children’s education, recalls
the sister, Martha Nash Legg. John
Jr. was a prodigy but not a straight-
A student. He read constantly. He
played chess. He whistled entire
Bach melodies. He invented things
and conducted experiments.

“John was always looking for a
different way to do things,” said
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Mrs. Legg, a tall, handsome woman
who is a potter in Roancke. In ele-
mentary school, one of his teachers
told John’s mother that her son was
having trouble in math. “He could
see ways to solve probiems that
were different from his teacher’s,”
Mrs. Legg said, laughing.

In the fall of 1945, Mr. Nash en-
rolled at Carnegie-Mellon, then Car-
negie Tech, in Pittsburgh. It was
there that the label ‘“‘gemius’ was
first applied to Mr, Nash. His mathe-
matics professor called him “a
young Gauss” in class one day, re-
ferring to the great German math-
ematician. Mr. Nash switched from
chemistry to math in his freshman
year. Two years later he had a B.S.
and was studying for-an M.S.

His graduate professor, R. J. Duf-
fin, recatls Mr. Nash as a tall, slight-
ly awkward student who came 0
him one day and described a prob-
lem he thought he had solved. Pro-
fessor Duffin realized with some as-
tonishment that Mr. Nash, without
knowing it, had independently
proved Brouwer’s famed theorem.
“The professor’s letter of recommen-
dation for Mr. Nash had just one
line: “This man is a genijus.”

Making Waves

Game Theory
And More

In 1948, the year Mr. Nash entered
the doctoral program at Princeion
with a fellowship, the town was argu-
ably the center of the mathematical
and scientific universe. It not only
had the Institute for Advanced Study
and Albert Einstein, but aiso there
was John von Neumann, the charis-
matic mathematician who helped
develop the modern computer as
well as the mathematical theory be-
hind the H-bomb.

At once eager to prove himself and
somewhat gauche, especially com-
pared with older students who had
served in the war, Mr. Nash quickly
became one of the brilliant young
men who performed mental pyro-
technics in the common room of Fine
Hal). Soon after he arrived he invent-
ed an extremely clever game that
was played with markers on hexago-
nal bathroom tiles. An instant fad in
the common room, it was called
“Nash" or “John.’* Parker Brothers
brought out a version a few years
later called Hex. :

Other students found him a loner,
odd as well as brilliant. When he
wasn't in the common room talking
a blue streak, he paced. Around and
around he would go, following Fine
Hall's quadrangular haijlways, occa-
sionally dashing into empty class-
rooms ta scribble, with lightning
speed, on blackboards.

“He was always an unusual per-
son,”” said Jack Milnor, an under-
graduate at the time and now a

mathematician at the State Univer-
sity of New York at Stony Brook.
“He tended to say whatever came
into his mind.”

Lioyd S. Shapley, then a graduate
student and now a mathematician at
the University of California at Los
Angeles, added, “He was obnoxious.
What redeemed him was a keen,
beautiful, logical mind.”

Mr. Nash's Nobel-winning thesis
on game theory was the product of
his second year at Princeton. Game
theory was the invention of von Neu-
mann and a Princeton economist
named Oskar Morgenstern. Their
1944 book, “‘The Theory of Games
and Economic Behavior,” was the
first attempt to derive logical and
mathematical rules about rivalries.
The Cold War and the nuclear,arms
race meant that game theory was an
idea whose time had arrived.

Characteristically, Mr. Nash
picked a problem for his thesis that
had eluded von Neumann. Briefly,
von Neumann onty had a good theory
for pure rivalries in which one side’s
gain was thé other’s loss. Mr. Nash
focused on rivalries in which mutual’
gain was also possible. He showed
that there were stable solutions — no
player could do better given what
the others were doing — for such
rivalries under a- wide variety of
circumstances, In doing S0, he
turned game theory, a beguiling
idea, into a powerful tool that econo-
mists could use to analyze every-
thing from business competition to
trade negotiations. ‘It wasn't until
Nash that game theory came alive
for economists,” said Robert Solow,
a Nobel laureate in economics at
M.LT.

Mr. Nash got his doctorate on his
224 birthday, June 13, 1950. After
brief interludes as an instructor at
Princeton and as a consultant at the
Rand Corporation, the Cold War
think tank, Mr. Nash moved on to
teach at M.1.T. in 1851,

He arrived itching to show that he
could solve really big problems. Ac-
cording to one story circulating at
the time, Mr. Nash was in the com-

mon room knocking, as he often did,
other mathematicians’ work. An old-
er professor is said to have chal-
jenged him to solve one of the field’s
most notorious problems.

The problem grew out of work
done by G.F.B. Riemann, a 18th
century mathematician, and was
considered virtually igsoluble. But

! Mr. Nash wound up solving it. To do
so, he invented a completely new
method for approaching the problem
that turned out to unlock a difficulty
encountered in a far larger. class of
problems. Mathematicians stilt de-
scribe the solution as ‘‘astonishing”
and ‘‘dazzling.”

Most mathematicians consider
this and other work Mr. Nash did in
pure mathematics to be his greatest
achievements, worthy of Nobels if
such were given in the mathematical
field. Many joke that he got his Nobel
for his most trivial work.

Gian-Carle Rota, a mathematician
at M.I.T. who is writing a chapter on
My. Nash in his autobicgraphy, said
that Mr. Nash's resulls were so nov-
el that they initially struck many
people as incredible. I heard Nash
present his results on several occa-
sions,” said Professor Rota. ““Each
time, somebedy in the audience
would say, ‘J simply don’t believe a
word of it." "

The Disease

‘It’s All Over
For Him?’

By the mid-1950's, Mr. Nash was
phenomenally productive. When he
got tired of mathematicians, he
would wander over 10 the economics
department to talk to Mr. Solow and
another Nobel laureate, Paul Sa-
muelsen.

And it was during this period that
Mr. Nash met his future wife, Alicia
Larde, an El Salvadoran physics stu-
dent at M.I.T. who took advanced
calculus from- him. Small, graceful,
with extraordinary dark eyes, Alicia
looked like an Odile in *‘Swan Lake.”
“Very, very beautifui,”’ recalls Zi-
porrah Levinson, the widow of Mr.
Nash's mentor at M.LT.,, Norman
Levinson.

“He was very, very goad looking,
very intelligent,”” Mrs. Nash recalls.

" *It was a little bit of a hero worship

thing.’' They were married in 1957, a
year Mr. Nash spent on leave at the
Institute for Advanced Study.

By the time the Nashes returned
to M.LT., John Nash had been
awarded tenure. Mrs. Nash went
back to graduate school and worked
part time in the computer center. In
the fall of 1958, she became pregnant
with their son, John Charles Martin
Nash. ‘It was a very nice time of my
life,” she recalled.

It is just then, when life seemed so
very sweet, that John Nash got sick.
Within months, at age 30 in the
spring of 1953, Mr. Nash was com-
mitted to McLean Hospital, a psychi-
atric institution in Belmont, Mass,,
connected with Harvard University.

“Raobert Lowel], the manic depres-
sive poet, was also in the hospital,”
said Isador M. Singer, who shared an
office with Mr. Nash at M.L.T., where
he is now a professor. "“There was
Mrs. Nash, sitting there, pregnant as
hell. Robert Lowell was sounding
forth. And there was Nash, very qui-
et and almost not moving.”'

He added, “I've had that picture in
my mind for years. I focused mostly
on his wife and the coming child. I
remember thinking, ‘It's all over for
him.” "

Psychiatrists who treat victims of
schizophrenia ask people who have-



n’'t had the disease to imagine how
they would feel if unseen voices
shouted, if they lost capacity to feel
or to think logically, And what if on
top of that, asks E. Fuller Torrey, a
psychiatrist in Washington and au-
thority on schizophrenia, those clos-
est to them began to avoid or ignore
them, to pretend that they didn't
notice what they did, to be embar-
rassed by their behavior? And what
if the treatment was ineffectual?
That is what happened to Mr. Nash.

In the months leading up to his
hospitalization, Mr. Nash became
another person. He skipped from
subject to subject. Some of his lec-
tures no longer made sense. He fled
to Roanoke at one point, abandoning
his classes. He wrote strange letters
to various public figures.

“It was very sad,” said Professor
Shapley at U.C.L.A., who ran into Mr.
Nash from time to time. “There was
no way to talk te him or even follow
what he was saying.”

The months at McLean did little to
arrest the disease. “Schizophrenia is
a brain disease,”’ said Dr. Torrey,
adding that it is ‘a real scientific
and biological entity as clearly as
diabetes, multiple sclerosis and can-
cer are,’”” But neuroleptics, the drugs
that were used to treat some, but far
from all, of the symptoms for the
next several decades, were just com-
ing on the scene. And psychoanaly-
sis, which has since been discredited
as a means of treating schizophre-
nia, was in vegue. The causes of the
disease are still not known.

As absurd as it now seems, Mr.
Nash's psychiatrists thought that
Mrs. Nash's pregnancy was part of
the problem and hoped that he would
improve after the baby's birth. “It
was the height of the Freudian peri-
od - ail these things were explained
by fetus envy,”” said Mrs. Levinson.
Martha Legg added, sadly, “In those
days, it was all supposed to be the
mother’s fault.”

In any event, Mr. Nash’s paranoia
intensified and he could no longer
work. After resigning his M.I.T. post,
he went to Europe, wandering from
city to city. He feared he was being
spied on and hunted down and he
tried 1o give up his United States
citizenship. His wife and colleagues
began to receive postcards with odd
messages, many concerning num-
bers, “I rode on bus No, 77 today and
it reminded me of you,” one read.
Eventually, the Nashes separated
and he moved to Roanoke to live
with his mother.

The Abyss

Two Decades
Of Darkness

For most of the next 20 years, Mr.
Nash divided his time between hos-
pitals, Roanoke and, increasingly,
Princeton.

In 1963, Mrs. Nash divorced him
but eventually iet him live at her
house. Mr. Nash was hospitalized at
jeast three more times. Mrs. Nash,
who never remarried, supported her
former husband and her son working
as a computer programmer, with
some financial help from family,
friends and colleagues. "It was a
pretty lean life,” said Martha Legg.

Mr. Nash became a sad, ghostly
presence around Princeton and a
mysterious character, the Phantom
of Fine Hall, in a novel set in Prince-
ton's mathematics community,
“The Mind-Body Problem" by Re-
becca Goldstein (Penguin).

“Everyone at Princeton knew him
by sight,” recalls Daniel R. Feen-
berg, a Princeton graduate student
in the 1970’s and now an economist
at the National Bureau of Economic
Research, “‘His clothes didn’t quite’
match. He looked vacant. He was
mostly silent. He was around a lot in
the library reading books or walking
between buildings.”

Alicia Nash believed very firmly,
according to several people close to
her, that Mr. Nash should live at
home and stay within Princeton’s
mathematics community even when
he was not functioning well. Martha
Legg applauds her decision. ‘*Being
in Princeton was good for him,” said
Mrs. Legg. ““In a place like Prince-
ton, if you act strange, you're spe-
cial. In Roanoke, if you act strange,
you're just different. They didn’t
know who he was here.”

Roger Lewin, a psychiatrist in
Baltimore, agrees, ‘“‘Some people are
so disturbed that there is no way to
get in touch with them, but for a
significant group, compassion and
receptivity of the surrounding com-
munity make all the difference.”

Some former colleagues at
Princeton and M.LT. tried to help
with jobs on research projects,
though very often Mr. Nash couldn’t
accept the help. Professor Shapley
at U.C.L.A. succeeded in getting a
cash mathematics prize for Mr.
Nash in the 70's. There were other
forms of kindness, like getting Mr,
Nash access to university computers
or remembering to invite him to
seminars when old friends turned up
on campus.

Coming Back

Finally, /
A Remission

Stiil, the people who stayed in reg-
ular contact with him eventuoally
came to believe that his illness
would never end.

Then came what Professor Kuhn
calls “‘a miraculous remission.”” And
as happens, for reasons unknown, in
the case of some people with schizo-
phrenia, it was not, according to
Mrs. Nash or Mrs. Legg, due to any
drug or treatment.

“It's just a question of living a
quict life,” said Mrs. Nash,

The most dramatic sign of that
remission, perhaps, is that Mr. Nash
was able to do mathematics again.

And now Mr. Nash is a Nobel
laureate. The story of his prize is
itself testament not only to his sur-
vival but to the fierce loyalty and
admiration he inspired in others.
During the 20-plus vyears of Mr.
Nash's illness, game theory flour-
ished and it is hard to find an impor-
tant article in the field that doesn’t
refer to his work. But mathemati-
cians and ecanomists who were close
to the secret deliberations say that
the Nobel was hardly a sure thing.

By mid-1985, the prize committee
was evidently actively considering
an award for game theory. (The
Nobel Memorial Prize in Economic
Science is not one of the prizes estab-
lished in the will of Alfred Nobel, but
was created as 2 memorial to him in
1968.)

Five years later, the committee
was making discreet inquiries not
just about Mr. Nash's contribution
but about his state of mind. There is
no formal rule that a recipient must
travel to Stockholm to accept the
prize in person, give a Nobel lecture
there or deliver a few profundities
and words of gratitude to the King at
the banquet. And there is certainly
no rule that the recipient must hold a
university post or have maintained
an active career beyond the prize-
winning contribution.

But no one wins prizes without an
active constituency in his field. To
most young game theorists who
urged that he get a prize, Mr. Nash
was a demigod. But Professor Kuhn
piayed a particular role. A noted
game theorist himself, he made it
clear to the committee that it would
be a grave injustice if Mr. Nash’s
illness cost him the prize.

Early in September, Professor
Kuhn got a clear signal that the prize
would go to Mr. Nash when he was
asked to prepare a curriculum vitae
for him and to provide some photo-
graphs. At the professor's sugges-
tion, Princeton created the title Vis-
iting Research Collaborator to pro-
vide a ready answer for Mr. Nash to
the inevitable question of his current
affiliation. )

The reaction to the announcement
was jubilation. "“The main message
to the world is that the academy
says mental illness is -just like can-
cer, nothing special,” said Ariel Ru-
binstein, a game theorist at Tel Aviv
University. '“It's great.”

What will Mr. Nash do now? At 66,
he is past the age when most math-
ematicians do their best work. But
the researchers he now talks to say
that he is interested in the major
unsclved problems and that he has
iearned to use the computer in ingen-
ious ways.

““The truths Nash discovered were
all very surprising,” said Simon Ko-
chen, another Princeton mathemati-
cian. ““Nash is a man who surprises
people.”’ u
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John Forbes Nash Jr. in 1950, after receiving his doctorate at Princeton, and earlier this year, shortly before being named a Nobel winner.
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Letters

To the Editor:

What is a bit unusual
about John Nash's expe-
rience was the level and
quality of social support he
received over the first 20
years of his schizophrenia.
His family in Roanoke, Va,,
provided Mr. Nash with
protection, privacy and
refuge when he wanted it.
More extraordinary was
the devotion of his wife,
Alicia, who, despite the
break-up of the marriage,
permitted Mr. Nash to live
in her house in Princeton,
N.J., while she supported
their son and her ex-
husband with some tinan-
cial help from family,
friends and colleagues.

But the most crucial
factor that made Mr. Nash's
survival and recovery
possible was the place
where he spent most of
those 20 years. Mr. Nash

had done his graduate
work at Princeton
University, and he and
his wife returned to the
Princeton community
early in his illness. There,
Mr. Nash was was revered
by young graduate stu-
dents because of the sem-
inal work he had done and
was not overlooked by his
former colleagues who
repeatedly offered him
research work even though
he was usually unable to
accept their help. Mr. Nash
was given unlimited access
to libraries and computers
and was invited to seminars
when old friends turned up
on campus.

It is impossible to
overestimate the beneficial
effect of the respectful and
emotionally supportive
atmosphere of the
Princeton community on
Mr. Nash's self-esteem, or
the destructive effect that

being discounted, disre-
garded and rendered all-
but-invisible has on the
morale of most similarly
afflicted persons.

We do not, as yet, know
what makes some patients
have a remission of their
disease while others do not.
There is one thing, though,
that the story of Mr. Nash
tells us: the support of
family, friends and others
can help patients preserve
their sense of self, faith in
people and hope for the
future, while waiting for
their remission to happen.

IRWIN N. HASSENFELD
Albany, Nov. 19

The writer is professor of
psychiatry at Albany
Medical College.

GRAPHIC: Photo: John Nash

lost two decades. (Reuters)
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Letters

To the Editor:

Your article on John Nash (“The
Lost Years of a Nobel Laureate, Nov.
13) was beautifully done. A five-
minute conversation with Professor
Nash leaves a person feeling smart-
er and with encugh to think about for
the next two weeks.

JAMES MANGANARO
Princeton, Nov. 18

The writer was one of Mr. Nash’s
students at M.I.T, in the late 1850's.
®

To the Editor:

You should be complimented on
the article on John Nash. As a fricnd
of Alicia Nash, I found the article
sensitive, respectful and thoughtful-
ly written. 1t will be treasured, I am
sure, in the archives on John Nash,
Nobel jaureate.

ELIZABETH J. KEEGAN
Manhattan, Nav. 18
L 2
To the Editor:

What is a bit unusual about John
Nash’s experience was the level and
quality of social support he received
aver the first 20 years of his schizo-
phrenia. His family in Roanoke, Va.,
provided Mr. Nash with protection,
privacy and refuge when he wanted
it. More extraordinary was the devo-
tion of his wife, Alicia, who, despite
the break-up of the marriage, per-
mitted Mr. Nash to live in her house
in Princeton, N.J., while she support-
ed their son and her ex-husband with
some financial help. from family,
friends and colleagues.

But the most crucial factor that
made Mr. Nash's survival and re-
covery possible was the place where
he spent most of those 20 years. Mr.
Nash had done his graduate work at
Princeton University, and he and his
wife returned to the Princeton com-
munity early in his illness. There,
Mr. Nash was was revered by young
graduate students because of the
seminal work he had done and was
not overlooked by his former col-
leagues who repeatedly offered him
research work even though he was
usually unable to accept their help.
Mr. Nash was given unlimited ac-
cess to libraries and computers and
was invited to seminars when old
friends turned up en campus.

It is impossible to overestimate
the beneficial effect of the respectful
and emotionally supportive atmos-
phere of the Princeton community
on Mr. Nash's self-esteem, or the
destructive effect that being dis-
counted, disregarded and rendered
all-but-invisible has on the morale of
most similarly afflicted persons.

We do not, as yet, know what
makes some patients have & remis-
sion of their disease while others do
not. There is one thing, though, that
the story of Mr. Nash tells us: the
support of family, friends and others

can help patients preserve their
sense of self, faith in people and hope
for the future, while waiting for their
remission Lo happen.

IRWIN N. HASSENFELD
Albany, Nov. 19

The writer is professor of psychiatry
at Albany Medical College.

.
To the Editor:

John Nash is not the first Nobel
prize winner who ‘‘lost years” be-
fore his accomplishments were pub-
licly recognized. Henri Dunant of
Switzerland, who founded the Inter-
national Red Cross in 1863 and was
the primary force behind the Geneva
Convention, was subsequently eased
out of the organization, and the
“founder’’ mantel was appropriated
by Gustave Moynier. Dunant conse-
quently went into an exile of poverty
and isolation, where he was over-
come with shame and plagued by
nightmares of his misfortunes until
the end of his life. When Dunant was
finally vindicated and his name re-
instated as the founder of the Red
Cross, he could not appreciate win-
ning the first Nobel Peace Prize in
1901, which he shared with Fréderic
Passy, founder of the International
league for Permanent Peace.

LOTTI S. TOBLER
Manhattan, Nov. 17

The wriler is on the editorial board
of The Swiss-American Review.

®
To the Edilor:

Although the Nobel economics lau-
reate John Nash almost never talked
about his schizophrenta publicly and
though he declined to be interviewed
for your article, many of his friends,
relatives and associates quite freely
toid you personal stories about him,
Did any of these people check with
Prolessor Nash to see whether he
was willing to be have them discuss
personal information he had chosen
not to reveal? Or did they think that
was beside the point?

FELECIA ACKERMAN
Providence, R.1.,, Nov. 14
The writer is a philosophy professor
al Brown University.
.
To the Editor:

Your article perpetuates a dan-
gerous equation of psychosis with
schizophrenia, reflecting assump-
tions that centribute 1o erroneous
diagnoses of schizophrenia in manic-
depressive cases.

Psychosis is a state of brain dys-
function with increased dopamine
brain activity that can occur both in
schizophrenta and in a significant
minority of manic-depressive indi-
viduais. Thus the impaired ability to
think rationally, distorted percep-
tiens and impaired ability to inter-

pret sensations or the intent of oth-
ers can strike bath manic-depressive
and schizophrenic patients.

The assumption thal manic-de-
pressive illness typically strikes lat-
er in life is not correct; many indi-
viduals experience the onset as ado-
lescents, with its main symptom dys-
pheria rather than mania or depres-
sion — the person is irritable and
difficult.

In addition, creativity occurs only
when the manic-depressive person
80cs 1o remission or stabilizes at a.
mild low-grade manic ievel. This ré+
flects a dopamine level that is too
low to trigger psychosis. The schizo-
phrenic person has a bizarre sem-
blance of creativity when there is
psychotic loosening of associative)
thinking. Once the schizophrenic re-;
covers from the psychosis, there is
lack of original thinking as well as,
paucity of all thinking.

Manic depressive episodes follow
psychosocial  stresses  (like a
spouse’s pregnancy) or physiologi-
cal stresses (such as smoking mari-
juana, which lowers serotonin and’
triggers increased depamine activi-
ty in the brain). All these factors are-
precipitants rather than causes of
manic-depressive illness, which are-

genetic. The genetic causes consist
of contributing to irregular synthesis.
of proteins like dopamine as well as
receptor molecules. :

LEO L JACOBé_
Lake Barrington, Ill., Nov. 14

The writer is a psychiairist.
.
To the Editor:

Sylvia Nasar ridicules as “ab-
surd” the hypothesis that Alicj4.
Nasl}’s pregnancy played a role in
precipitating her husband’s decom-
pensation with a paranoid schizo!
phrenic disorder in the 1950’s. The
idea of fetus envy is dismissed as
Freudian nonsense.

Regardless of the degree to which
the idea that a man may envy a
woman’s capacity to procreate is
given nuch credence by psychoana-
lysts then or now, there is a wide-
spread consensus among psychoana-
lysts and psychiatrists that having a
first baby is often highly stressful
for both husband and wife. There
often are a wide variety of psychody-
namic concerns, including feelings
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aboul moving to the status of a par-
e, capability of being a good par-
ent, the possibility the baby will be
abnormal and the degree of respon-
sibility being shouldered.

The causes of schizophrenic dis-
orders as well as their precipitating
elements are unknown. Ms, Nasar
has no basis for characterizing as
absurgd the theory that Mrs, Nash’s
pregnancy played a role in precipi-
tating John Nash’s decompensation.

In 1911, Freud described theg
Schreber case, in which a Dresden
judge’s appointment 0 a prominent
position precipitated into a full-
blown paranoid schizophrenic de:
compensation. For some individuals,
life’s becoming especially sweet and
successful, paradoxically, consti-
tutes an overwhelming stress.

JOSEPH S. SCHACHTER
Pittsburgh, Nov. 14

The writer is a psychoanalyst and
psychiatrist.

*
To the Editor: .

Sylvia Nasar's article is a great
contribution ta the understanding of
schizophrenia. [n disclosing the de-
tatls of John Nash's tragedy, she
provided a powerful, focused view of
the emergence and impact of schizo-
phrenia as it affects the victim, his
family and others in his world.

Few articles have conveyed the
human cost as effectively as did Ms.
Nasar’s. it will do more to eliminate
the stigma of schizophrenia than ser-
mons and pleas. She has allowed the
facts 1o cry out — not merely speak
for themselves. .

Mr. Nash’s affliction struck when
science began Lo understand schizo-
phrenia. Now, we are in a dynamic
period of scientific progress wheré
progress in neuroscience and molec-
ular biology have developed new
treatments and hope for cures.

The scientists who have been fund-
ed by National Alliance for Research
on Schizophrenia and Depression the
last seven years, are making unprec-
edented progress toward bringing
normal and productive lives to those
suffering from the severe mental
illnesses. The goal of this work is
that there be no more tragic loss of
life's potential, such as that experi-
enced by John Nash.

CONSTANCE E. LIEBER

Great Neck, L.I., Nov, 16

‘The writer is president of the Nation-

al Alliance for Research en Schizo-
phrenia and Depression.

.
To the Editor:

Your story was profoundly mov-
ing. “Sonnet (o a Nobel Prize,
Awarded After 30 Years of Schizo-
phrenia’’ is my response: o’

Death’s-head spiders drop along
invisible

wires, out of walls, plugging holes -

in motionless air unseen, unfelt, -

unkhown,

filling poison bricks with meta-
physical

venom, wrapping filmy tendrils
tight

against a row of window panes,
glass

sealed as hard as granite, doors
plastered

shut, unlived-in rooms with black-
ened light.

Purple haze pouring over eyeballs.

Martian music winding through '
the rain.

Plastic hot balloons explode the
brain,

frantic reptiles claw across the
shky. All

bombs away: fires die: surviving

faces blinfe: incredible sunshine,
warm, thriving. '

BURTON RAFFEL
Lafayette, La., Nov. i3

The writer is the translator, writer
and editor of many works. o+
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John Nash Shares 1594 Nobel Prize in Economics
i —— e,

Princeton N.J., October 10--John Nash, Visiting Research Collaborator at
Princeton University, was today awarded the 1994 Nobel Prize in Economic
Sciences for his seminal mathematical contributions to game theory. The
prize was shared with John C. Harsanyi of Berkeley and Reinhard Selten
of the University of Bonn, Germany. They won "for their pioneering
analysis of equilibria in the theory of non-cooperative games."

Nash put forth his key idea--the Nash equilibrium--in the Ph.D.
thesis he submitted to the Princeton Mathematics Department in 1950,
when he was 22 years old. He had received his B.S, and M.S. degrees in
three years, 1945 to 1948, at Carnegie-Mellon University in Pittsburgh

(then Carnegie Institute of Technology). He did his Ph.D. work at
Princeton in two years. The thesis was entitled "Non-cooperative
Games. "

In his Ph.D. thesis he defined a new concept of equilibrium and
used methods from topology to prove the existence of an equilibrium
point for n-person, finite, non-cooperative games. The "n" refers to
the number of players; "finite™ means the number of possible strategies
are limited; and "non-~cooperative™ means no communication and therefore
no collusion or side~payments are allowed between players.

So we have a game played by any number of players, unable to
communicate or cooperate with each other. 1In the abstract formulation
of game theory, a contest consists of each player choosing a pure
strategy, which is a complete plan for every possible situtation that he
or she might encounter during the course of play. When the pure
strategies of all players are submitted to an umpire, the entire course
of play and the payoffs to the players are determined. But all games
cannot be sclved with pure strategies; therefore players must use a mix
of pure strategies by choosing the probabilities with which each pure
strategy is played. Thus, in the game of "Matching Pennies,™ the pure
strategies are "Heads" or "Tails," and the mixed strategies are the
random frequences with which a player chooses to play these pure
strategies.

Nash proved that there exists at least one set of mixed
strategies, with one for each player--a Nash-equilibrium point--such
that no playver can improve hiz or her position by changing his or her
strategy. At a Nash equilibrium point no one can improve his or her
position, and therefore that profile of mixed strategies enjoys an
essential property of stability. Although Nash proved the existence of
such a profile of mixed strategies, it need not be unique.

{more)
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Economists learned of game theory through the 1944 publication of
Theory of Games and Economic Behavior by John von Neumann and Oskar
Morgenstern. Their analysis was largely limited to games involving only
two players. When analyzing games with more than two players, they
assumed that players would form coalitions (for example, two ganging up
against the third) thus reducing the number of players to two. This
theory is called "cooperative®™ game theory. Nash, however, was able to
deal with the general n-player game and to prove that points of
equilibrium exist even if there is no cooperation or collusion between
the players, which led game theory in a direction that wvon Neumann and
Morgenstern had not imagined.

Nash's proof of the existence of at least one equilibrium point in
this very wide class of non-cooperative games has had a major impact on
modern economic theory. If we think of economic behavior as a game in
which there are well-defined rules and all the players try to maximize
their payoffs, then in general it will be possible for any given player
to improve his or her position by changing his or her strategy.
Consequently, players will keep changing their strategies until they
reach a Nash equilibrium point at which no player can improve his or her
position, This analysis makes it possible in some cases to predict the
likely strategies that economic actors will adopt in the long run--
namely, those at a Nash equilibrium point at which no player can change
to improve his or her outcome.

A short version of Nash's Ph.D. thesis appeared as an announcement
in Proceedings of the National Academy of Sciences in 1950; that version
with its one-page proof was entitled "Equilibrium points in n-person
games.™ The thesis, revised by Nash, was published in 1951 as "Non-
cooperative Games" in Annals of Mathematics.

Initially, in the thesis, Nash used Brouwer's fixed point theorem
{(1926) to prove the existence ¢of an equilibrium point. Both the
Proceedings announcement and the Annals version use the more general
Kakutani's Fixed Point Theorem (1946) in place of Brouwer. Nash credits
this simplification of the proof to a suggestion by David Gale, now
professor emeritus of mathematics at the University of California,
Berkeley, then a graduate student in mathematics at Princeton.

Nash's thesis was supervised by Princeton Mathematics Professor
Albert Tucker, a topologist turned game theorist. The same year as
Nash's thesis, Tucker created the influential paradox known as the
"Prisoner's Dilemma.,"

Prisoner's Dilemma as Example of Nash Equilibrium

For an example of the Nash equilibrium, let us look at the
Prisoner's Dilemma. It depicts two partners in crime confronted with
the following choices: if one confesses and the other does not, the
confessor goes free and the other goes to jail for a long time; if
neither confesses, each goes to jail for a short time; if both confess,
each goes to jail for an intermediate length of time. Each reasons that
he is better off confessing because if the other confesses, he receives
an intermediate sentence by confessing and a long sentence by not
confessing; i1f the other does not confess, he goes free by confessing

{more}
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and receives a short sentence by not confessing. Since each reasons
this way, each confesses, and so each is given an intermediate sentence;
whereas if each had not confessed, each would have received a short
sentence. The strategy whereby both confess is the Nash equilibrium in
the game because neither can improve his position by changing his
strategy (to renege on confessing means jail for a long time).

Nash was born in Bluefield, W.V., in 1928. He attended college as
a Westinghouse Scholar. Having begun college as a chemical engineering
major, he switched after a year to mathematics.

He was appointed research assistant and instructor at Princeton in
1950-51 and worked as a consultant for the RAND Corp. during the summers
of 1950 and 1952. 1In 1951 he was appointed Moore Instructor at the
Massachusetts Institute of Technology and promoted to assistant
professor in 1953 and to associate professor in 1957. After resigning
his professorship at MIT in 1959, he served as a research asaociate in
mathematics at MIT in 1966-67.

Nash, who has lived in the Princeton area since the mid 1960s, is
a Visiting Research Collaborator in the Mathematics Department at
Princeton University, where he makes use of computing and library
facilities in a program of independent research.

He held Sloan and NSF fellowships in the late 19508 and was a
visiting member at the Institute for Advanced Study in Princeton in
1956~57, 1961-62 and 1963-64. More recently, he was awarded the von
Neumann Theory Prize from the Operations Research Society of America and
was elected a fellow of the Econometric Society. The Duke Mathematics
Journal is currently planning a volume in his honor, which is being
edited by Harold Kuhn and Peter Sarnak of Princeton and Louis Nirenberg
of New York University.

The last person affiliated with Princeton to win the Nobel Prize
in Economics was the late Sir W. Arthur Lewis, a professor in the
Economics Department when he won in 1979.

Five current Princeton physicists have won Nobel Prizes: in 1963
Eugene P. Wigner, Thomas D. Jones Professor of Mathematical Physics,
Emeritus; in 1977 Philip W. Anderson, Joseph Henry Professor of Physics;
in 1980 Vval L. Fitch, James S$. McDonnell Distinguished University
Professor of Physics, Emeritus; in 1993 .Joseph H. Taylor, James S.
McDonnell Distinguished University Professor of Physics, and Russell A.
Hulse, principal research physicist at the Princeton Plasma Physics
Laboratory. Toni Morrison, Robert F. Goheen Professor in the
Humanities, won the 1993 Nobel Prize in Literature.

Note: Especially good for comment on Nash are Princeton economists
Avinash K. Dixit (609-258-4013) and Ariel Rubinstein (609-258-4033);
pavid Kreps of Stanford; and Robert J. Leonard of the University of
Quebec in Montreal (517-987-4114).
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Game Theory Captures a Nobel

By PETER PASSELL

The 1994 Nobe! Memorial Prize in
Economic Science, a $930,000 award
to be divided among three pioncers
in the field of game theory, cele-
brates achievements in building the
foundations for analyzing inierac-
tions among businesses, nations and
even biological species.

But just as important, the prize
awarded to John F. Nash of Prince-
ton University, John C. Harsanyi of
the University of California at
Berkcley and Reinhard Selten of the
University of Bonn acknowledges a
sea change in economics that has
occurred in the last two decades.

Economics has been a discipline
dominated by the concept of perfect
competition — competition amaong
$0 many participants that no single
buyer or seller need worry about the
responses of others.

And perfect competition has
proved to be a powerful idea, one
that predicted how free-market
economies would evolve and gave
policy makers a reliable compass
for figuring how best to encourage
growth as well as a fair division of
the economic pie.

But in a2 world of hostile takeovers,
trade wars and big government,
classical economics is giving way to
game theory, an approach that fo-
cuses on the give and take among
“players.”’ While classical econom-
ics works for the international mar-
ket in wheat with thousands of buy-
ers and sellers, it takes game theory
to try to figure out how Safeway will
change the price of English muffins
if the A.& P. marks down bagels.

Game theory ‘“‘opens up terrain
for systematic thinking that was pre-
viously closed,’* said Paul Krugman
of Stanford University, who has ap-
plied game theory to world trade.

John von Neumann and Oskar
Morgenstern, economists at Prince-
ton, invented the field. Their book
published in 1944, “The Theory of
Games and Economic Behavior,”
was the first to delve deeply into the
likely consequences of strategic in-
teractions, where all the actors must
consider the potential for reaction.
Both men are dead, and, therefore,
not eligible for the economics prize,
which is not one of the five awards
established in the will of Alfred No-
bel but rather a special prize created
in 1968 as a memorial to Nobel.

John Nash, who received a Ph.D.
from Princeton in 1850, is widely
credited with laying out the formal

mathematical principles of
“gamcs’ — think of them as rival-
ries -— in which everyone knows

what everyonce clse knows and ov-
ervone is motivated by self-intevest,

“Nash is the point of departure”
for all modern game theory, argues
Avinash Dixit, an economist at
Princeton and a co-author of “Think-
ing Strategically,” the first guide-
post for predicting the consequences
of rivalries.

One glaring limitation of Dr.
Nash’s work is the assumption about
perfect knowledge of rivals’ motives
and resources. Compaq does not
know exactly what Apple is pre-
pared to invest to build a better
laptop computer, For that matter it
does not even know whether other
companies are preparing to jump
into the market, and under what
circumstances. And here the work of
John Harsanyi, a Hungarian-born
mathematical economist, filled the
theoretical breach in the late 1960's.

‘‘Harsanyi gave shape to the fog in
real-world games," said Barry Nate-
buff of the School of Organization
and Management at Yale. In the
Harsanyi world, nothing need be
known for certain as long as it is
predictable in terms of chance. Thus
when Compaq and Apple are figur-
ing pricing strategies, they need only
assign probabilities to the other’s
uncertain responses and counterre-
sponses.

Another limitation to the Nash ap-
preach is that it did not offer insight
into what would happen if more than
one ending to the game was possible,
even if the players acted consis-
tently and in their own best interests.
It does not stretch the imagination,
for example, 1o think of the outbreak
of World War I as only one of many
plausible consequences to the diplo-
matic and mititary maneuvering in
August 1914,

The German cconomist Reinhard
Selten enriched the Nash model in
1965 by offering theories for dis-
criminating between game out-
comes that are reasonable and un-
reasonabie. The mathematics is
quite complex, but some of the un-
derlying ideas are intuitive. For ex-
ample, an outcome dependent on
somcone's taking an unreasonable
threat seriously (as in “buy my rug
far $200 or I will kill your first-born
child’") may be discarded.

All this may seem as abstract and
impractical as the theory of perfect
competition — and for many years it
was dismissed as just that. Nonethe-
less by the 1970's many economists
were turning to game theory for
inspiration, il only because they
lacked answers 1o guestions that
turncd on strategic hehavior.

Thomas Schelling, an cconamist
now at the University of Maryland
who is oo class by bimself in ap-
pbed pame theory, decades ago in-
troduced sleas like the strategic val-

ue of brinkmanship. Indeed, some
think he ranks with Dr. Nash as a
founder of the field.

The great bulk of work by econo-
mists in game theory has been in an
area where its insights had been
most sorely missed: the organiza-
tion of industry.

Robin Wells, an economist at the
Stanford Business School, offers an
example. Intel, the microprocessor
giant, gave up an effective monopoty
on the 86-series chip by allowing
Advanced Micra Devices to share
the technology. Intel, it seems, de-
cided that computer makers would
not lock themselves into a new
microprocessor technology unless
they were protected from future
price-gouging by a manopolist. So by
licensing another manufacturer, 1n-
tel successfully increased the de-
mand for its own product.

Here, game theory explained cor-
porate behavior that made no sense
in nonstrategic terms. Game theo-
rists have also been hired io create
corporate strategy from scratch,
most notably in the case of the Fed-
eral Communications Commission’s
auction of bands on the radio spec-
trum for use in wireless communica-
tions. “Every major bidder hired
academic game theorists as consult-
ants,” said Andrew Schotter, an
economist at New York University.

in the view of Mr. Schotter, howev-
er, the majn value of game theory in
formulating corporate strategy is
more modest: getting executives to
think carefuily about response and
counterresponse in the marketplace,
The purer gold, Mr. Schotter be-
lieves, will be mined by ‘‘institution
builders’’ who must make rules to
induce cooperative behavior. Corpo-
rations, for example, need fo create
incentives to minimize the conflict
between their own interests and
those of their employees.

What works in the private sector
might work in the public sector: The
F.C.C. did, in fact, hire game theo-
rists to set the rules for the spectrum
auction. And the potential is far
broader — changing the tax code to
induce voluntary compliance, for ¢x-
ample, or designing monetary policy
to gain the most credibility for the
Federal Reserve as an inflation
fighter with the least risk of setting
off a recession.
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3 Econormists Share a Prize

for Insights Into How
Rivalries Function

The Real World of Game Theory
Game theory will undergo a practical demonstration in December
when the Federal Communications Commission begins to auction
radio kicenses for new wirelesss personal communications services.
The £.C.C.’s goal is'to raise the maximum amount of money, at
least $10 bilion, and it will use game theory fo reach that target.
Game theory focuses on-how “players” in economic “games”
behave when, to reach their goals, they have to predict how their
opponents will react to their moves. The concepts develqped by the
Nobe) winners were used by other game theorists to devise the
auction rules. -— EDMUND L. ANDREWS - ' :

Coping With the Winner's Curse
Like poker, auctions are a ‘game
of incomplete information.’ Bidders
have to speculate about both the
value of the good being sold and
; their opponants’ strategies. The
great fear is the ‘winner’s curse’ of
paying too much, But if alt bidders
are overly cautious as a result, the
auctioneer runs the risk that the
bids will be below the vaiue of the
good being sold. i

Maximlzing information

.. Game theory says bidders becomse
more confident with mote information,
so-the F.C.C. has designed the
_auctions to be as open as possible.
Uniike most auctions, where goods are
sold one after the other, bidding for at.
the F.C.C. licenses will occur :
simultaneously. By seeing how other
licenses are being valued, and how
their opponents are bidding, bidders
can react without fear of paying 100
much. In such a case, the F.C.C.
hopes, the proceeds will meet its goat.

The New Yok bumnes

John F. Nash

- John F. Nash, by most accounts
the rock on which the mathematics
of game theory was built, was born
in Bluefield, W. Va., in 1928. He went
to college at the Carnegie Institute of
Technoiogy, now Carnegie-Mellon
University, in Pittsburgh, switching
from chemical engineering to math-
ematics after his freshman year in
1945.

His ascent into the academic elite
was rapid. After receiving both a
bachelor’s and master’s degree
from Carnegie in 1948, he completed

‘a'Ph.D. in mathematics at Princeton

University in just two more years.
His Ph.D. thesis, ‘‘Noncooperative
Games,'” which was published in the
journal Annals of Mathematics, laid
out the framework for much of mod-
ern game theory.

Mr. Nash introduced the distinc-
tion between cooperative games, in
which binding agreements can be
made, and noncooperative games,
where binding agreements are not
feasible.

He developed an equilibrium con-
cept for noncooperative games that
came to be known as the Nash equi-
librium.’

Mr. Nash went to the Massachu-
setts Institute of Technology as an
iustructor in 1951, later being pro-
moted (0 associate professor. Struck
down by mental illness in the late
1950’s, he resigned from M.LT. and

3
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since then has spent most of his
years at Princeton. For a time he
was a visiting scholar at the Institute
for Advanced Study there.

For most of the last quarter-centu-
ry, hc has been associated with
Princeton as a ‘'visiting research
collaborator' without formal obliga-
tions to the institution.

He is said to lead a quiet life in the
Princeton community, nurtured by
{riends and associates on the faculty.
In deference to his wish for privacy,
no details of his family life were
made availabte.



'Economist
Nash takes

the Prize

Nobe! committee cites
West Windsor eccentric

By Laurie Lynn Strasser
Staff Writer

The world now knows John Nash as a
Nobel Prize-winner, but the Dinky rail
line crew knows him as ‘‘Sneakers.”

Dr. Nash, who devcloped an economic
predictive tool called ‘‘non-cooperative
‘game theory”’ in his 1950 doctoral dis-
sertation for Princeton University, was
jointly awarded the Nobel in economics

with two others who refined his work: |

John Harsanyi of the University of Cali-
fornia at Berkeley and Reinhard Seiten of
Bonn, Germany. _

Dr. Nash has shuttled into Princeton
Borough from his home on -Alexander
Road in Princeton Junction pearly every
day for at least two'decades. *~ "~

When Dinky etigineer Paul Connelly
was shown a photograph of the new
Nobel Laureate, he reacted instantly with
a single word: ‘‘Sneakers.”’ He said he
had ‘‘never seen anybody smoke a
cigarette as fast”” as Dr. Nash, who
silently reads the paper each day during
his five-minute commute.

“‘He’s known as Sneakers, simply be-
cause, no matter what the weather is, he’s
always wearing his sneakers,’’ said con-
ductor John Washburn. “‘For lack of a
proper name, we just gave him a
nickname. I've never seen him wear
anything other than that, and I've been on
and off this run for 23 ycars.”

Each morning, those sneakers carry Dr.
Nash from the Dinky Station to the
Institute for Advanced Study in Princeton
Township, where he spent three one-year
stints as a visiting scholar between 1956
and 1963.

“*He has had no formal association with
us since then,”’ said Norman McNatt,
public relations officer for the Institute on
‘Olden Lane. ‘It is.often the case

where people who are brilliant and

creative go through a period where
they produce monumental things, and

then the rest of their lives are often

dealing with the consequences of

those great ideas in some way.'’
“‘Four days out of five,”” Dr. Nash
comes to the institute in the morning,

eats lunch and takes afternoon fea,

but he is nmot on the payroll, Mr.

McNatt said.

At Princeton University, Dr. Nash

has the title of ‘‘visiting research

collaborator,’” , which- means he can

use the library and compulers, said

Justin Harmon, the university's direc-

tor of communications.

< T ehnolo;

Contacted at home Wednesday,
Dr. Nash politely declined to give an
interview, claiming he was refusing
all such requests so he would not
exclude anyone.

Born in 1928, he eamed bachelor’s
and master’'s of science degrees in
1945-48 at Carnegie-Mellon Univer-
sity in Pittsburgh. He moved to the
Princcton area in the 1960s after
reportedly suffering a mental break-
down.

A recent Boston Globe article said
he is ‘“perhaps not entirely in his right
mind.”’ Wednesday’s New' York

"Times reported that he quit the fac-

ulty of the Massachusetts Institute of
Tephnology. after being **struck down
by mental itlness in the mid 1950s.””

At a press conference Tuesday in
Princeton’s Jadwin Hall, an array of
pens protruded from the Bluefield,
W.V., native’s shirt pocket,

On his feet was a trademark pair of
ratty white canvas basketball shoes.

Dr. - Nash said he was unsurc
whether his current work could ac-
curately be termed ‘‘research®’ be-
cause it is not particularly
goal-oriented. As he phrased it, he is
working on ‘‘impossible problems.”
He said he has a tendency to work on
his own. '

Asked what he thought about his
theory’s widespread application to-
day, Dr. Nash responded, ““Well, 1
see my name cited more often.””

Asked how he feels about winning
the Nobel Prize, he said, *‘Well, the
money could be better.”’

He acknowledged no other income
than the $300,000 he will reccive for
winning the Nobel. He said he did not
care to comment on his personal
finances or how he planned to use the
prize money, because it ‘‘might af-
fect his credit rating.”’

Dr. Nash said he found ail the
media attention ‘‘flattering’” and
somewhat embarrassing.

Dr. Nash said Joseph Kohn, chair-
man of Princeton University’'s
Mathematics Department, had warg-
ed hiin"that the Nobel committee in
Sweden had a tendency to break the
news very early in the moming, so he
was awake at 6 a.m. beside the
phone. _

1 should have stayed in bed until
7 because the call came at 7:43,"" he
said. . '

Dr. Kohn, who studied under Dr.
Nash as an undergraduate at MIT,
praised his former professor at the
press conference.

“Newton is supposed to have said
he could see further because he stood
on the shoulders of giants,”’ he said.
“A whole generation of mathemati-
cians have seen further because they
have stood on the shoulders of John

Nash."’

Payoff point
set forth by

Nash theory
while at PU .

All players know the rules of
the game.

~When they have changed tac-
tics all they can to optimize their
payoff, they have reached the
Nash equilibrium point.

The man for whom the point is
named is John Nash, who won
the Nobel Prize for his doctoral
work in game theory.

The above explanation of his
theory is a simplified version,
said Princeton University
spokeswoman Jacquelyn Savani.

Dr. Nash did not invent game
theory, but he expanded upon it
significantly, she said. Before he
came along, ‘‘cooperative game
theory’’ involved just two oppos-
ing sides or alliances of players,
Ms. Savani said.

Dr. Nash developed a way of
dealing with an arbitrary number
of opponents, she explained. He
proved that even though *‘every
man is out for himself,”’ therc
still are equilibriumn points, as
long as the game has a finite
number of players, she said.

Today, game theory is used by
economists to forecast which
long-term strategies will be
adopted. Biologists also utilize it
to understand how natural selec-
tion operates on populations,
both within and among species,
Ms. Savani said.

— Laurie Lynn Strasser
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University’s
Nobel count
grows to 28
since 1927

By Laurie Lynn Strasser
Staff Writer -

If John Nash’s Nobel prize is a
feather in Princeton University's
cap, then that cap is a veritable
headdress. . .

Princeton University affiliates,
~including alumni, visiting
professors and faculty, have won 28
Nobel Prizes since 1927, according
to statistics released Wednesday by
University Communications Direc-
tor Justin Harmon.

“Of institutions nationally we
have quite a good share of these
things,”’ he said. *‘It’s because we
have remarkable faculty and re-

markable community members. We

haven’t done a comparison list with
University of Chicago,
MIT(Massachusetts Institute of
Technology) or Harvard, but it’s a
significant chunk.”

Eighteen of Princeton’s Nobe)
winners won in physics, three in
chemistry, three in literature, two in
economics, one in medicine and
one in peace.

The most famous winner was
Woodrow Wilson, a member of
Princeton’s class of 1879 and uni-
versity president from 1902-1920.
He won the Nobel Peace Prize in
1919 while he was president of the
_United States.

Albert Einstein does not techni-
cally number among Princeton’s
Nobel Prize winners. Although his
office was in Jones Hall on campus
when he received the Nobel in
1921, he was working for the
Institute for Advanced Study at the
time.

Last year, the university won
more Nobels in a singie year than
ever before. A Nobel in Literature
went to Author Tomt Morrison, a
humanities professor, and Nobels in
physics were claimed by Joseph
Taylor, a professor, and Russell
Hulse, a researcher at the.Plasma
Physics Laboratory,

The only other Princeton affiliate
besides Dr. Nash to win the Nobel
for cconomics was emeritus
professor Sir Arthur Lewis in 1979.

John Bardeen, who received his
Ph.D. from Prmccton in 1936, is
one of only three people ever to win
two Nobel prizes. He earned his
Nobels for .physics in 1956 and
1972. The other two double-Nobel
laureates were Marie Cunc .and
Linus* Pauling. = - iy

Nobel prize winners are selected
by the Royal Swedish Academy of
Sciences, based in Stockholm. The
$300,000 in prize money is
awarded by the Bank of Sweden in
memory of Alfred Nobel.
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Biography Published
Of Nobel-Winner
John Forbes Nash

A blography of John Forbes
Nash Jr., a mathematlcal
genius who went mad, recov-
ered late In life, and won the
Nobel Prize in Economics In
1994, has been written by

correspondent Sylvia Nasar
Schuster.

said Oliver Sacks.

of the mathematical comsmu-
nity at Princeton and of

TOWN TOPICS, PRINCETON, N.J., WEDNESDAY, June 24, 1998 « 6

they played In his psychic sur-
vival and eventual reemer-
gence,”

Bom in 1928 in Bluefield,
West Virginia, Dr. Nash
eamed his bachelor's and
master's degrees in three

New York Times economlcs ¥
and published by Simon & i

“A Beaqutiful Mind Is a¥
splendid book, deeply inter- ;
esting and extraordinarily :.
moving, remarkable for Its .
sympathetic insights into both {,
genlus and schizophrenia,” §:
“It is

equally gripping as a portrait |§

Nash’s friends and family, §
and the perhaps cruclal part §

~ years. He was sent off to BROTHERS IN ARMS: Jack Shakuro, a member of
Princeton’s graduate program the U,$. Army’s 82nd Airborne Division, spends a

with the recommendation,
“This man is a genius.”

The handsome, arrogant,
and highly eccentric 20-year-
old Nash arrived In what was
then “the center of the math-
ematical universe,” where he
mixed with such intellectual
giants as Einsteln, von Neu-
mann, Morganstern, Artin,
Church, and Lefschetz.

Dr. Nash avoided classes,
read as little as possible, and
spent most of his time in
apparent idleness. But within
14 months he had solved a
100-year-old problem in eco-
nomics, Invented an Inge-
nious topological board game
later called Hex, and written
the 26-page Ph.D. thesis,
“Non-Cooperative Games,”
that won him a Nobel Prize
nearly a half century later.

At age 30, just as he was
about to be made a full pro-
fessor at MIT, Dr. Nash expe-

moment with his brother,

Stas Hvoorikov, a Prince-

ton firefighter, during the annual Princeton Fire
Department parade last Saturday. The brothers are
Russian emigres who now call Princeton home.

{Photo by Bit AlleryNJ SpertAction)

rienced his first episode of
paranoid schizophrenla, the
most devastating and baffling
of mental illnesses. For the
next 30 vyears he suffered
from severe delusions, hallu-
cinations, disordered
thoughts and feelings, and a
broken will.

Struck Down at Zenith

He was at the height of his
career, and had recently mar-
red a beautiful young physi-
cist who never abandoned
him, Although divorced, they
live together today in
Princeton Junction with their
son, John, a brilliant mathe-
maticlan who also suffers
from schizophrenla.

Dr. Nash wandered the

Princeton campus in the
"1970s and 1980s, and
caused riders on the Dinky to
wonder at the identity of this
oddly dressed man with the
sad, immobile face. He had’
become known to University
students as “The Phantom”
because of his eccentric
behavior just as his name,
ironically, began to resurface
in academic circles.

Sylvia Nasar writes, “Nash'’s
insight into the dynamics of
human rivalry — his theory of
rational conflict and coopera-
tion — was to become one of
the most influential ideas of
the twentleth century, trans-
forming the young science of
economics the way that
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. Mental Health

¢ been asking me about the real Nash: How sick
; was he? How did he recover? How' is he now?

¢ cocktail party at the Institute for Advanced
- Study in Princeton. After regaling his listeners

[ike fewer than one i 10 individuals,
Nash ‘emerged from irrational thinking, 3
as he puts it, without medicine '

P S - -
: ition—long before he could work out the reasoning. After the delu-
. sions and hallucinations took over, he said, “My ideas about super-
- natura) beings came to me the same way my mathematical ideas

. did. S0 I took them seriously.”

The Man Behind a Beautiful Mind

The real John Nash never saw visions, and after 1970 he never took medication.
But his love affair with Alicia, he says, is ‘just like a movie. BY SYLVIA NASAR

INCE “A BEAUTIFUL MIND”
opened, people who loved the
movie but know that it is a fictional-
ized version of my 1998 biography
of Nobel laureate John Nash have

Acoupleof weeks ago, Nashand I'were ata

with box-office results, Nash joked that he
hoped Universal was doing a better job of
keeping its books than Enron. Watching this
73-vear-old genteman. vou'dfind it hard to
believe that 15 vears ago he was so sick that he
was haunting the Princeton campusin mis-
matched plaids, speaking to no one, afraid to
look anvone in the eve, his front teeth rotted.
In some wavs, Nash's illness was a classic
case of paranoid schizophrenia. Some of hig
peers were convinced that the early stages of
the illness manifested themselves in graduate

=
&

school, but the full-blown symptoms did not

(=}

erupt until he was 30. In 1959, just as he was
abour to be promoted to full professor at

MIT, he told the chairman of a riva) depart-
ment that he wouldn’t be able to accept an
offer because “J am scheduled to become the
emperor of Antarctica.” Convinced that he was
“a messianic figure of great but secret importance,” he frantically
scanned The New York Times for encoded messages from aliens,
and fiddled with radio dials to pick up signals from space.

At some point, he began hearing voices, Though he didn’t liter-
ally see the figures who were shouting at him, the voices were as
real to him as people on the street. As a young mathematician, he

saw mathematical solutions—nonrational flashes of intu-

LAUREATE: Nash accepts the Nobal Prize
in Economics in Stockholm, 1994
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Nash responded dramatically to treatments available in the
1960s—crude and sometimes dangerous as these were. He was

State, where hic was incarcerated in 1961, he
was injected with insulin and put into a
coma daily for six weeks by physicians who
hoped to shock Nash's brain back to health.
Later he was treated with antipsychotics like
Stelazine. He described the insulin shock as
“torture,” and blamed Stelazine for making
him “foggy” (both true).

Like so many pcople who suffer from
schizophrenia, Nash did not believe that he
was sick. As his iliness deepened, he accused
his wife, Alicia, of wanting to lock him away.
Exhausted and depressed, struggling to raise
their son, Alicia obtained a divorce in 1963.
In 1965 he moved to Boston, where he hoped
to begin his life afresh. But he stopped tak-
ing medication, relapsed and finafly wound
up living in Roanoke, Va., with his mother.
At 40, gray-haired and frail, he saw “a cadav-
er almost” when he looked at himself in the
mirror. He spent his days sipping Formosa
oolong in lis mother's apartment.

Nash never stopped pining for Alicia, and
she never really let him go. After his moth-
er’s death in 1970, he wrote to Alicia and
begged her to shelter him. Astonishingly,
she agreed. He moved back to Princeton,
where students knew him only as the Phan-
tom of Fine Hall, a mute figure who scrib-

bled weird but witty messages on blackboards: MAO TSE TUNG'S
BAR MITZVAH WAS 13 YEARS, I3 MONTHS AND I3 DAYS AFTER
BREZHNEV’S CIRCUMCISION,

Moviegoers will be surprised to learn that powerful new drugs
like clozapine played no role in Nash's recovery. Another kind of
chemistry apparently did, however. Like fewer than one in 10

individuals who suffer from chronic schizophrenia, Nash
“emerged from irrational thinking ultimately without
medicine other than the natural hormenal changes of
aging,” as he later put it. No one knows why a lucky
minority experience a dramatic lessening of symptoms
in late middle age.
Even today Nash sometimes hears the old voices.

But now he has learned to ignore them. “It’s like a con-

tinucus process rather than waking up from a dream,”

he has said. Other Nobel laureates fly first class or start
charities with their prize money. For Nash, who is doing
research again, the maost prized emoluments are simpler: be-
ing able to afford a cup of coffee at Starbucks, getting a driver's
license and, most important, providing for his family—including
a son who alse suffers from schizophrenia—once more.

“A second take!” he quipped before kissing Alicia when they
remarried last June. “Fust ltke a movie.”

hospitalized half a dozen times, always involuntarily. At Trenton

NASAR teaches journalism at Columbia University.
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