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In November 1950, a paper was publishedatius
reporting on the first successful example of
Numerical Weather Prediction (NWP), thus

fulfilling the speculations of many people over the decades

that it might be possible, most notably
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L.F. Richardson who published a book on the topic in 1922.

This paper is one of the most influential

papers in the history of meteorology and the work
described in it was directly followed by worldwide efforts
to pursue NWP, leading to operational models by the
mid 1950s.

The authors wer€harneyFjortoft, and von Neumann. O

these, only von Neumann had a reputation of any strength

at the time, widely known in scientific circles for his
impressive intelligence, and large number of seminal
accomplishments.

Also of significance is that the first NWP was accomplisi|
using the ENIAC, which itself was the most important

el Introduction

Two years ago the Meteorological Research
Group at the Institute for Advanced Study
adopted the gencral plan of attacking the

electronic computer ever, being the first of its kind.

problem of numerical weather prediction b

a step by step investigation of a series of models
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Numerical Integration of the Barotropic Vorticity Equation

By J. G. CHARNEY, R. F](.jR.TDFI'I, J- von NEUMANN
The Institute for Advanced Study, Princeton, New Jersev?

{Manuscript received 1 November 19350)

Abstract

r A method is given for the numerical solution of the barotropic vorticity equation
over a limited arca of the carth's surface. The lack of a natural boundary calls for an
investigation of the appropriate boundary conditions. These are determined by a
heuristic argumient and are shown to be sufficient in a special case. Approximate
conditions necessary to imsure the mathematical stability of the difference equation
are derived. The results of a series of four 24-hour forecasts computred from actual
data at the so0 mb level are presented, together with an interpretation and analysis.
An attempt is made to determine the causes of the forecast errors. These are ascribed
partly to the use of too large a space increment and partly to the effects of baroclinicity.
The réle of the latter is investigated in some detail by means of a simple baroclinic model.

tions have now been performed and will be
described in the present article.

These integrations would not have been
possible without the use of a high-speed large-
capacity computing instrument. We should
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The acknowledgments section of tielluspaper interestingly cites Mrs. K. von Neumann for her help
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interesting footnote of history that almost all of the early programmers of electronic computers were
women. Why this was so, while much speculated on by modern historians, as not been adequately explained.
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corresponded reasonably well with the ob-
served tendencies on the sea-level map. The
pressure falls to the northeast of a well de-
veloped surface cyclone were, if anything,
somewhat too great. An effort is now being
made to see whether the effect of vertical
motions is to reduce the falls. Some preliminary
calculations indicate that this is the case.
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electronic computer within 4 years of its invention,

IS an interesting story involving, the vision of John von
Neumann, along with a host of now famous meteorologists.

The story also runs through Los Alamos, and the
World War Il atomic bomb project.



John von Neumann was born in Hungary
In 1903, the son of a successful banker.

He was a child prodigy for his memory,
mental arithmetic, and mathematical ability.

He published his first mathematical paper
while still in the Hungarian equivalent of
high school.

He simultaneously completed a PhD in
mathematics, and a degree in Chemical
Engineering (&all-backoption his father
Insisted upon).

He took hiPhdin 1926.

By 1930 he had published 28 technical artics
and had a reputation as one of the top :
mathematicians in the world.

He emigrated to the United States in 1930, and became a naturalized citizen in 1937.



Among other things ,von Neumann:

A Made seminal contributions to the
foundations of mathematics.

THEORY OF

A Made seminal contributions to | o’ | GAMES
quantum mechanics. | AND
HMIC

A Invented game theory:. ECONOM
BEHAVIOR

A Designed the sphericathplosion method

for detonating thefatman plutonium bomb T
JOHN VON NEUMANN

A Designed the basic computer architecture AND

used by nearly every computer ever built OSKAR \ORGENSTEEN |
A Led numerous advisory committees that
defined the United States policy with
regard to nuclear weapons and missiles

systems during the cold war.

. . 1932 1944
A And he led the project that produced the first

successful NWP.



1950 letter describing effort to recruit von Neumann for the AFSA/NSA.
to consult on cryptology. It is not known if this effort was successful.

4, If it is decided to approach von Neumann, hls clearance should be
completely settled before any overture is made, We must then secure his
interest in our problems and convince him that, 1f he works with us, he
will have sufficient scope to justify the use of hig time; otherwlse, he
might very well decline to assist us in view of his many other commitments.
To do this we must be prepared to introduce him to the heart of ocur most
difficult problems and explain the exact status of our work at the first
consultation,

—EONTIDENTIAL —

REF ID:A6584°

12 October 1950

From: AFSA-34
To AFSA-Q0T
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1. It is suggested that AFSA attempt to secure the services of John von
¥eumarn as a consultant on eryptology.

2. John von Weumann is a professor at the Institute for Advanced Study

and is recognized as one of the world's greatest minds by all mathematl-

~tama gnd physicists. Yot only is ha a brillliant researcher in mathe-
g and theoretical physics but also a great "idea man". He has done
tant research in the subjects of statistics, linear operator theory
lces) and logic and founded the mathematical theory of strategy (game
r). He is easily the worldls foremost amuthority on the logical de=-
and program theory of computing machines. All of these subjects have
set applicetion to the operations of AFSA,

¥e anticipate no difficulty in clearing von Neumann, Because of his
srdinary talents his services are continually used by numercus defence
:t8, some of them highly confidential. During the war and since he
sen one 0f the top theoreticiane on the A-bomb project; he is, of

3, Qmcleared. He also econsulis for the National Advieory Committee
sronautice and the Aberdeen proving grounds, He ls the head of a

ting machine project at Princeton which is supported by the Army,

[f 1%t 1s decided to approach von Neumann, hls clearance should be

3tely setiled before any overture is made, We must then secure his

st in owr problems and convinece him that, 1f he works with us, he

1ave sufficlent scope to Justify the use of hls time; otherwlse, he
waguv vOry well decline to aszslst ue in view of his many other commitments.
To do this we must be prepared to introduce him to the heart of our moset
difficult provlems and explain the exact status of our work at the first
consultation.

5. It 1s the opinion of all the mathematlciane in AFSA-34 that von Neumann
can make substantlel contributions to the work of AFSA,

hydrogen bomb research, computer design, and meteorology.

After WWII, von Neumann worked 20 hours per day on numerous advisory committees,




Von Neumann at his home in Princeton with his second Midea and his Irish Setter, Inverse.



Von Neumann, always an admirer of the military, became involved
an a variety of U.S. military projects in World War Il (WWII).

In the mid 1930s von Neumann had become deeply involved in
problems of supersonic flow and turbulence. He became a
consultant to BRL and the Army Ordinance Department in 1937.
He worked on problems for developing shaped charges to

be used in antitank weapons, including developing methods for
numerical solution of thé&avierStokes equations.
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capabilities which were used primarily for calculating ballistic firing e
tables. Demand for computation far exceeded supply, and BRL
initiated the ENIAC project in 1943 (unknown to von Neumann until
1944, though he was on the scientific advisory board of BRL).

2 -] Ei’“ i O2 Y Lz

In 1943 von Neumann was asked to join the Manhattan project

at Los Alamos. He is told that the project has not solved how to use
plutonium. This is problematic as they only had enough uranium,
which they had a design for, to build one bomb. Military

strategist had predicted it would take 2 bombs to convince
Germany/Japan to surrender. Based on his experience with shaped
charges, von Neumann convinces Los Alamos to pursue spherical
implosion with shaped charges. The method von Neumann designed
is eventually used for ALL fission bombs ever produced, except the
Little Man bomb.

Von Neumann Los Alam&®curtyBadge Photo



Von Neumann also realized extensive calculations would be needed to verify the design, and he has
Los Alamos develop computing facilities second in the world only to those at BRL. He also designs
numerical stability criteria needed for successful calculations following CFL (1928),

a condition unknown to L.F. Richardson, who attempted the same sort of calculations by himself in 1918.
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Marchant desktop calculator of the type used at Los Alamos during the Manhattan Project



IBM punch card equipment at Los Alamos during WWII. Equipment was modified to do a sequence of arithmetic
operations automatically.



Harvard Mark 1. Programmable mechanical computer, also use by von Neumann/Los Alamos during WWII.
Addition: 0.3 s (versus .0002 s for ENIAC = 1500 times faster)
Multiplication: 6 s (versus .0028 s for ENIAC = 2143 times faster)



