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INTRODUCTION
This report has been prepared in accordance with the terms of contract
Nonr 1358-(04) and constitutes the Final Report, called for under the terms
of that contract, and covering the period from 15 JUne 1956 to 30 JUne 1957.
Said contract between the Institute for Advanced Study and the Department of the Navy, Office of Naval Research, was entered on 16 March 1956 f or
the purpose of operating and maintaining the electronic digital computer
at the Institute for Advance.d Study in continuation of our work under
contract DA-36-034-ORD-1646 with the Department of the Army. These two
contracts were overlapping in time. From 15 JUne 1955 to 31 December 1956
the Navy Contract paid for about l~ of the cost of maintenance and operation while the Army Contract still carried 9~ of the burden. Therefore,
the results obtained during this period have been described in our Final
Report on Contract DA-36-034- ORD-1646 where the contribution of the Navy
is mentioned in the preface.
In 1957, Contract Nonr 1358-(04) has been the only contract supporting
maintenance and operation of our machine, but another Navy Contract, Nonr
1358- (03) has supported "analysis and development of methods for high-speed
automatic computing".

Both contracts terminated by 30 June 1957 when the

machine and its staff Where separated from the Institute of Advanced Study
and became a part of Princeton University.
The technical information given in this report is therefore limited to
tbe results obtained in the first six months of the year 1957.

Records of the Electronic Computer Project / Box 9 / Final Report on Contract No. Nonr 1358(04)
From the Shelby White and Leon Levy Archives Center, Institute for Advanced Study, Princeton, NJ, USA

SUMMARY OF WORK SUPPORTED BY CONTRACT Nonr 1358- (04)
1.

FLINT (Floating-Point Interpretive Subroutine)
Originator

:

Coders

Hans J. Maehly
Several, see text below

Described in

:

status

ref. (2), 11.0 - 11.9
Improved

The FLINT code hes been in operation during the whole period covered
by this report and has been used by several coders.

Some of these have

sug@9sted and actually incorporated various improvements.
more important ones:

We list the

(i) James Cooley coded a faster output routine especially suited for
"bulk output", such as tables (cf.ref.('!), 22.54).
(ii)

Mrs. Barbara Weymann chan@9d the

read-i~

procedure to the effect

that the FLINT code is normally stored on that part of the magnetic drum
on which "writing" can be prohibited by setting of a switch.

The code will

thus be read in from the drum to the Williams memory, rather than from IBM
cards , which saves time and avoids some card handling.- Another chan@9 concerns drum references while running the FLINT code •• These "Orum-to-Williams"
transfers have always been checked but an error would cause the machine to
stop.

This has been chan@9d to an automatic repetition.

(iii )

In the original version of FLINT, codes for use with the inter-

pretive routine had to be punched in binary forD) which was bothersome for
the beginner, especially since binarily punched codes cannot be tabulated.
Richard E. Heitman has written a routine for converting such "pseudo codes"
from decimal to binary.
It would

h~ve

been desirable to make some further chan@9s both to facilitate

coding and to speed up the running of FLINT.

However, such changes would

require a completely new version of FLINT, for which,in fact, some planning
has been done prior to 1 July 1951. Coding of this new version is progressing while this report is being written.
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2.

SASSY- A SYMBOLIC ASSEMBLY PROGRAM
Originator and Coder
Irving N. Rabinowitz
Described in

c~.

text

Status

completed
A~ ymbOliC assembly routine is use~ul ~or taking the burden o~ address
/

assignment, cross re~erencing between subroutines and translating orders
into the particular numerical code o~ the machine used . Furthermore , the
existence

o~

a symbolic assembly routine permits the construction

library o~ subroutines which may be used ~or a variety o~ progralD8.
a routine has been written ~or our machine with special emphasis on
bility and ease

o~

application.

Work on this project

~as

a

o~

Such
~lexi- ;

begun in January

1957 and completed in May 1957. A technical report is now being written
and will be submitted as soon as SASSY is

3.

checked.

~ully

MAGNE'IC!IYIlRODYlWHC TllEORY OJ' SOLAR SPICULES
: Reimar Lust
Originator and Coder
re~

Described in

(2), 21.30-21.37

Completed
Status
Spicules or jets are relatively small (6"

o~

solar chromosphere which are characterized by an increasing rate
propagation and a short

li~etime

o~

the order

that they transport a substantial amount

o~

~or

A

~ast

two minutes.

o~

putational methods and some

o~

outward

The

di~~

these spicules are complicated

machine and extensive storage

the numerical solution

o~

the

It is believed

energy to the corona.

erential equations governing the propagation
and non-linear.

o~

o~

arc) dis1ur bances

~acilities

are needed

these equations, which, together with the com-

~irst

results, have been decribed in our last

report (2). A considerable amount o~ machine time was spent in the period
covered by the present report to complete these computations. A paper describing the results is now being prepared and will be submitted to the
Astrophysical Journal.
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4.

NUMERICAL EXPKRIMBNTATION ON STRLLAR EVOLUTION

Originator and Analyst

:

Martin Schwarzschild

Coder

:

Mrs. Hedvig Selberg

Described in

:

ref. (2), 21.10-21.16

Status

: Continued
Work on this long and complicated code was begun in 1954 and a great
number of valuable numerical results were obtained up to January 1957.
This work has been continued in 1957, but it was hampered by the fact that
this code required an amount of r eliability -- i.e . error-free running -- of
the machine which in the period covered by this report could not be achieved
by the drastically reduced engineering staff.

Several additional checking

and automatic repeat routines were added, therefore, in order to get reliable
results in spite of this situation.

Technical details of this work are

described in our Monthly Progress Reports (2')C I), It is planned to prepare
Technical Reports and/or papers for a scientific journal (presumably the
Astrophysical Journal and/or its Supplementary Series) whenever an important phase of this work has been fini shed.

5·

INTERNAL EQUILIBRIUM OF DENSE COLD STARS
Originators

:

J. A. Wheeler, K. Harrison, and M. Wakano
M. Wakano and Mrs. B. Weymann

:

presumably Physical Review or Astrophysical
Journal, 1958
Completed

Coders
Described in
status

The gravitational equilibrium of matter in stars has been investigated
assuming (i) zero absolute temperature (ii) catalysis to the endpoint of
thermonuclear evolution. The equations of hydrostatic equilibrium, based
on the theory of general relativity, for a mixture of nuclei and electrons
were numerically integrated for a variety of values of the central pressure.
The results seem likely to heve a significant bearing on the theory of very
dense stars and of gravitational energy sources . A psper will be submitted
to one of the scientific journals mentioned above.
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6.

I, '

THE ORIGIN 0'1' HIGH VELOCITY STARS

Originator and Analyst

:

Uco van Wijk
Donald Morton

Coder
Described in

: ~f. text
: Debugged
Status
This program is intended to teat the hypothesis that stars are formed
with an isotr~pic Maxwellian velocity distribution. As by- products we can
"
expect information
concerning the location of the origin of high-velocity
stars, which should contribute to our understanding of the .evolution of
these stars, and information concerning the structure of our galaxy.
A similar program of very limited scope was carried ou~ with a desk
computer. The results have been published in the Astronomical Journal 61,
277 (1956) where the whole problem is described in detail. The present
program uses the same equat ions but 1s designed to give much more detailed
information which will facilitate comparison with observational data. The
results will be submitted to a s c ientific journal, presumably to the
Astronomical Journal, 1958.
7.

NUMImICAL CALCULATIONS OF THE ANGULAE DISTRIBUTIONS FOR
DEUTERON - PROTON AND SDULAR REACTIONS

Originator

:

William Tobocman

Analyst

:
:

Hans J. Maehly
Sonja Bargmann and Patricia Eberlein

:

re~ (1) 2/55, 12/55, 3/56, 5/56, 11/56
ref. (2) 22.30
Continued

Coders
Described in
Status

Work for this code was begun in the summer of 1955 with an extensive
study of the various mathematical problems.

Programming and coding was done

through the year 1956.
During the first six months of 1957, about 9CJ1. of the code was debugged
and several test runs were made in order to check the mathematical procedures
employed to generate Coulomb Wave Functions and to integrate their products.
These experiments in general confirmed previous theoretical error estimates.
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Some minor changes were made to further reduce the errore in special cae"',
As soon as the methods used in the second part of the code, viz. for computing associated Legendre polynomials and vector addition coeffiCients, have
been adequately tested, we shall prepare a Technical Report to the Office
of Naval Research

d~Dcribing

all mathematical procedures

as far as they

are not standard -- and all coding features - - as far as they would also
apply to other fixed point machines - - together with the results of various
test runs .

We hope to be able to issue our Technical Report before the end

of 1951.
8.

MOLECULAR INTEGRALS
Originatore

R. C. Sahni and J. W. Cooley

Analyst and Coder

J. W. Cooley

Described in

ref. (2) 22.50-22.54
Statue
Continued
The computation of certain molecular integrals has been continued in
the period covered by this report. A table of one-electron overlap
integrals was completed while the potential and kinetic energy integrals
are now being prepared for computation.

The results will be published

together as a Technical Report for Contract NAW 6514 (between the National
Advisory Committee for Aeronautics and New York university), by which all
mathematical analysis and programming has been supported.

9.

ELAST1# SCATTERING OJ' 11 Mev PROTONS BY NUCLEI
Team Work by
Described in

:

W. Aron, J. H. Bigelow, J. S. McIntosh
and G. Schrank
ref. (3)
Testing completed

Status
1
This code has been written for the analysis of scattering experiments
with 11 Mev protons on various nuclei.

The model employed is based upon

a complex well with a phenomenological spin-orbit term.

Prom this potential,

wave functions are calculated, phase shifts determined, and cross sections
obtained .

This computation was planned and written prior to the initiation
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of this contract.

s~me

testing and improvementa, however, have been made

during the contract period.
10. PBOTON CIUIITS IN A 3 Bev SYNCHROTRON
Originator
C. J. Teao
V. Korenman and C. J. Tsao
Coder
Described in
: ref . (4)
Partially debugged
Status
In view of the high cost of big acceleration machinery, it ie highly
desirable to make preliminary studies of the efficiency and the design
parameters of the new Synchrotron by computation rather than by experimen-

·
·

tation. The aim of the present study is to find an optimum arrangement for
extracting protons after they have been accelerated to the final energy.
A pseudo code using the float ing-point interpreter FLINT has been written
and at the close of Contract Nour 1358-(04) was in the process of being
debugged. This work will be continued and reported under A.B.C. Contracts.
11. AUTOMATIC ADJUSTMENT OF PARAMETKRS FOR RATIONAL APFROXIMATIONS
Originator '
: ' Hans J. Maehly
Mrs. Patricia Eberlein
Coder
Described in
: ref. (5), 5 & 6/57
Preliminery testing
Status
The nUJlllrical results obtained so far have shown that our method will
yield rational approximations for transcendental functions which compare
very favorably with truncated power aeries and even with beat fit polynomials.
It is planned to continue this work under a new ORR contract and to
issue a Technical Report as soon as more extensive res ults have been obtained.
12. HISTORICAL BPHBMBRIS
Originators
Analyst and Coder
Described in

FOR THE YEARS -600 to 0
• O. Neugebauer and A. Sachs

·

Bryant TUckerman
: ref. (2), 23 .70; cf. tert below
Status
• Discontinued
A first version of the code for computing the historical ephemeris was
:

·
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completed early in June 1957.

This first version was a simplified one

inasmuch as it did not include certain small corrections -- due to the
mutual interactions between the pl anets - - which would be relevant only
for the most accurate of the historical (Babylonian) observations.

A

short table (covering the period from -300 to -230) has been produced before the close of this contract.
At that date, Dr. Tuckerman left our project and joined IBM, with the
understanding that he would be permitted to rewrite the code, including
the perturbations mentioned above, and produce the full table on a 704
computer.
It is anticipated that this final ephemeris will be published by a
scientific society as a monograph of about 300 pages of tables with
accompanying text explaining the method of computation.
13. STUDENT USE OF THE MACHINE JANUARY-JUNE 1957
Originator

Forman S. Acton

Coders
: Princeton University Students
From January to June 1957 small amounts of machine time were used
by several students taking a course, "Applications of Digital Computers",
at Princeton University.

These projects were quite varied in subject matter,

but had the unifying purpose of exploring the difficulties attendant upon
communicating with a digital computer.
Frank Poage designed a program to permit the easy evaluation of the
frequency response of an electrical circuit directly from its schematic
diagram.

The user need only punch a group of cards, one for each circuit

element, - in a simple conventional fashion in order to be provided with the
set of equations describing the behavior of the circuit.

The solution of

these equations assumes the availability of a routine for solving simultaneous

The work was undertaken to explore the logical difficulties encountered in coding an essentially geometric problem -- i.e., the description of a formal circuit diagram
linear algebraic equations with complex coefficients.

in numerical terms.
William Ridgway outlined two problems:

one, an alpha-numeric input-output

translation routine for the binary machine which permits -- among other
things -- the efficient storage of plain English text, as well as intermixed
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alphabetical end numerical symbol! such as might be sncountered in a
symbolic coding language. The utility of such a routins and the problems
to be encountered are obvious;
marins warfare game.

and two, the simUlation of a destroyer-sub-

Th1l second problem was undertaken in or der to gain

some experience in coding essentially geometric problema and also in
learning how to treat problema involving random elements.
Other members of the class worked on various phases of the problems
involving complex arithmetic, symbolic a8sembly of an external language,
general routinss for the integrat ion of ordinary diff eren'i;1al equat i ons ,
and studies of air traffic control problema. None of these other projects
reached a stage where more than an hour or two of machine time was used.
14. ION EXCHANGE IN TERNARY SYSTEMS
J. S. Dranoff
Originator and Coder
Code debugged
Status
A small amount of machine time was spent by J. S. Dranoff, graduate
student in chemical enginsering at Princeton University, for debugging a
code (in FLINT language) which represents a simplified model of his cbemical
experiments. By the so-called "method of characteristics" *) a systsm of
two parti al differential equations with two unknowns can be reduced to two
ordinary differential equations which are then solved by standard methods.
It is anticipated that a full description of the problem and the final
results will be submitted for publication to "Industrial and Engineer i ng
Chemistry" early in 1958.

*) Acrivos A., Induatrial and Engineering Chemi.try, 48, 706 (1956)
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