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During World War II the values of L(k,k,r) became necessary in connection with cer-
tain work in the Statistical Laboratory under a contract with the Applied Mathematics
Panel, N.D.R.C. However, for the most part, the values needed corresponded to k, and %
exceeding the range of the table then available. Also, the requisite values of 7 were extremely
close to =1 in which region interpolation in Pearson’s table is difficult.

The persistent need of values of L(k,k,r) suggested that it might be useful to solve the
difficulty once and for all by computing an extension of Pearson’s tables. Dr. LEO AROIAN
and Dr. MADELINE JOHNSEN (then in the employ of the Statistical Laboratory) were en-
trusted with calculating the extension of the tables. Their work was interrupted by the
cessation of hostilities in September, 1945, and the subsequent discontinuance of the
N.D.R.C. project. Thereafter the work on the tables continued sporadically. Some computa-
tions were done by Drs. Aroian and Johnsen. Later on a check of the tables was made in the
Statistical Laboratory by Dr. EVELYN F1x. This was followed by extensive recalculations
by Miss MarRY Woo and Miss ESTHER SEIDEN under the direction of Dr. Fix. It is now
believed that the errors in the table do not exceed one half unit in the sixth decimal. The
combination of the two sets of tables, Karl Pearson’s and the new tables, covers the ranges
of bk = 0(.1)4; £r = 0(.05).95(.01).99.

It may be hoped that some way will be found for the combined tables to appear in a
single publication.

J. NEvymaN
Statistical Laboratory
Univ. of California, Berkeley
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TECHNICAL DEVELOPMENTS

Our contribution under this heading, appearing earlier in this issue, is ‘“Coding of a
Laplace boundary value problem for the UNIVAC,” by Frances E. SNYyDER & H. M.
LIVINGSTON.

DiscussioNs

A Comparison of Various Computing Machines Used in
the Reduction of Doppler Observations

Introduction. DOVAP (Doppler Velocity and Position) is a radio-
DorPLER method for the determination of the coordinates of the trajectories
of long-range V-2 rockets launched at the Army’s White Sands Proving
Ground, New Mexico. The method has been in use for the past two years.
In this system, continuous-wave radio signals are sent from a transmitter to
a transceiver in the missile and to each of several ground station receivers.
In the missile-transceiver the signals are modified by a frequency-doubling
operation and then are retransmitted to each of the several ground stations.
In the ground receivers the frequency of the signals received directly from
the transmitter is likewise doubled, and these double-frequency signals are
mixed with those received from the missile. The mixed signals are recorded
on 35 mm movie film simultaneously for the several receivers at one master
receiver station.
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The film records present the traces of sinuous waves of changing fre-
quency accompanied by a series of time pulses. Each successive cycle of the
recorded wave indicates that the total distance from transmitter to missile
to receiver has changed by one Doppler wave-length. If the initial (launch-
ing) value of this combined distance is known, all subsequent values are
found simply by counting the Doppler cycles on the film record. Refraction
and other physical effects will introduce differential errors, which are, how-
ever, ignored in the first approximations which are discussed here.

For V-2 missiles more than 50,000 cycles may have to be counted for
the maximum ordinate of the trajectory. The distances from transmitter to
missile to receiver involve numbers of six-digit accuracy. In the determina-
tion of one point on the trajectory, approximately 40 additions, multiplica-
tions, divisions and square roots are performed. The numerical work neces-
sary for the calculation of the positions of the required number of points on
a long trajectory justifies the utilization of high-speed computing machines.

The General Problem. In the determination of the missile location from
DOVAP data, it is assumed that the coordinates of one point on the trajec-
tory are known accurately. This point is usually the position of the trans-
ceiver in the missile at the time the missile is launched. If #; is the distance
from the transmitter to the missile to receiver ¢, the survey data of the
launching and station sites furnish the initial values of (#;)¢ = ¢i. The
difference between u; and c¢; at any time ¢ can be obtained from the Doppler
records. Given ¢; and A, the Doppler wave-length corresponding to twice the
transmitted frequency, we have therefore, #; = ¢; + N\, where N, repre-
sents the number of Doppler cycles observed on the DOVAP records be-
tween the initial point of the sth trace and the point corresponding to the
time ¢.

This paper treats the case in which three receivers are used in the
DOVAP system. To determine the missile coordinates, three receivers
are sufficient. The data from any one receiver prescribe that the missile
is somewhere on the surface of a prolate spheroid, one of whose foci is
located at the transmitter and the other at the receiver. The actual location
of the missile is a common intersection of three such prolate spheroids having
in common one focus, located at the transmitter. For three receivers there
are two such solutions, one of which, generally being underground, is ob-
viously rejected.

Briefly, the equations for the solution of the problem are:!

Va2 4+ 92 + 22 4+ V(x; — )2 + (3: — 9)? + (2 — 2)? = wi(i = 1,2,3),

x,y,2 referring to the coordinates of the missile, and x;, y:, 2: referring to
those of the receiver stations, relative to the transmitter as origin. If 7
and r; are the corresponding slant ranges, the equations become,

2xix + yiy + 2:8) = 2ru; — ud + 72, @z = 1,2,3).

By substituting 2r = u; — ¢, the solution of the problem is obtained
rapidly by successive approximations in the following formulae, in the first
approximation of which a value is assumed for z: e = azq + b, rq) =
3(us — &), 2y = ce +d, yuy = ee + f, 2y = (? — x? — )L

The corrections for successive approximations become: Az = 23 — 21,
8¢ = alz, &r = }¢, 6x = ce, 8y = e, and 2(3 = (r(n? — x@? — Yt
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The coefficients a through f are all functions of %;. More than two ap-
proximations in 2z are seldom necessary in the cases where the transmitter
is close to one of the receivers. When, however, all receivers are located from
10 to 15 miles from the transmitter, as many as 5 approximations have occa-
sionally been found necessary for the early parts of the trajectory in order
to get agreement to within one foot in successive values for z.

Equipment Available for Computations. The computations of coordi-
nates by human computers using desk machines (i.e., Friden, Marchant or
Monroe) require between 15 and 45 minutes per trajectory point, the ac-
tual time required depending on the skill of the individual, his familiarity
with the detailed formulae, and the number of approximations necessary.
For detailed trajectory information, many points on the trajectory must be
considered, and the computations by hand are laborious. For example, to
compute the coordinates of the 800 points at half-second intervals on the
trajectory of a 400-second time-of-flight missile, about 10 man-weeks would
be required. Fortunately, this time can be greatly reduced by the use of
modern high-speed computing machinery. In chronological order of avail-
ability, we at the BRL, Aberdeen Proving Ground, Md., have experimented
with the following machines: 1. standard IBM equipment, 2. IBM Relay
Multipliers, 3. the ENIAC, 4. the Bell Telephone Laboratories’ Computing
Machine.

The standard IBM equipment is impractical for the complete solution
of the problem for several reasons. The large number of digits involved
taxes the capacity of the multipliers. Furthermore, the problem has to be
broken down into too many discrete steps, since the most complicated single
operation that can be performed on these IBM machines? is of the form
A + Bx. Moreover the capacity of a single card is soon exhausted, necessi-
tating frequent reproduction of partial results onto new card sets in order
that the computations may be continued. The multiplier operations are all
slow, and machine break-downs are a frequent cause of interruption. Thus,
while the complete computations for an 800-point trajectory should theo-
retically require much less than a week on this equipment, the actual time
is more nearly comparable with human computer time.

The new relay calculators, which performed their initial work on this
problem, are much more practical, though not nearly so expeditious as their
theoretical operation rates would indicate. It has been our experience that
about two weeks are required for the determination on a 400-second tra-
jectory of the coordinates of positions, with successive first and second
differences, and velocities at half-second intervals. (The theoretical time
would be about 4 days.)

The Ballistic Research Laboratories have two of the new IBM relay
calculators. These two units have been connected so that they may now
operate as a single unit. Test runs indicate that this Siamese-twin computer
will be able to determine missile coordinates at a rate of 5 to 8 minutes
per point. Computations for sizeable runs of points have not as yet been
completed by this new method. Hence, we can at present comment only on
the.promise of this arrangement; we cannot examine, by use of actual sta-
tistics, its long-range dependability.

The ENIAC is very much faster and more economical in the use of
cards than the IBM relay calculators. Only the input data and required
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results are punched on the cards. It is partly for this reason that the ENIAC
can achieve a greater speed, since even the punching of results on the cards
takes longer than the actual computing. The most time-consuming factor
occurring in the use of the ENIAC is the “‘programming’ (i.e. setting up the
machine for a specific problem). For the particular DOVAP problem, the
programming for the computations of only trajectory point coordinates
requires from one to two days. Approximately one more day of programming
would be required to determine the velocities in addition to the coordinates.

Machine failures are frequent on the ENIAC. 109, failure (in percentage
of operating time) is not unusual; on a few problems the failure ratio has
been as high as 759%. Nevertheless, the ENIAC excels all other present
available machines in the speed with which it is capable of computing
DOVAP results. Barring machine failures (including failures due to warped
cards or cards affected by humidity or static charges) the actual computa-
tions of trajectories on the ENIAC require little more time than the time
of flight of the missile. A computation time of 15 minutes for the 800-point
trajectory would be normal. Clearly, even though the programming time for
the ENIAC is relatively long, the machine is very efficient for the perform-
ance of a long series of calculations of the same type.

For the reduction of a limited amount of data, or for computing check
points on very long ENIAC runs, the Bell Telephone Laboratories’ Com-
puting Machines (designed by Dr. G. R. STiBITZ) are more practical,
though slower in performing the basic arithmetic operations than the other
machines tried. These machines require approximately 5 minutes for the
computation of the coordinates of a trajectory point, but the preparatory
time for programming the problem prior to actual computations is negligible,
once the data have been coded on the machine data tapes. These machines
are now being used to reduce at half-second intervals the data pertaining
to a missile flight through burn-out only (which requires about one minute
of flight), and for points at 10-second intervals for all long flights. Although
the time, 5 minutes per point, is comparable with the over-all time required
by the IBM relay calculators, the efficiency of the Bell machines is greater.
Thus far, these machines have made few errors. Only one error was found
in the results for approximately 1200 points computed.

These machines have the added advantage over the IBM equipment in
that they require less supervision. Provided that sufficient data tapes are
stored in the Bell machines, they can be left operating all night. Moreover,
in case errors in data or other handicaps which make a problem insolvable
are encountered, the problem is automatically switched off, or the machines
proceed to the next computation that the instruction tapes specify. The
IBM machines do not have this facility. Because they are able to operate
unattended all night, the Bell machines, can produce much greater output
per operator hour than the IBM relay machines and indeed they run a
close second to the ENIAC in utility on the DOVAP problem—the 800-
point trajectory, requiring less than 70 hours, would take only three working
days if run continuously.

To conclude, it has been found that the ENIAC is most efficiently used
in the solutions of many complete runs of the same type of problem. Since
the limiting factor in the use of this machine is the actual time required for
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the programming of the problem, once the problem has been set up the
ENIAC can provide the complete solution of many long DOVAP trajectory
problems at amazingly high speed. The IBM machines, because of the
relatively short set-up time and long computing time, are best suited to the
simultaneous solution of one particular phase of the problem for all the
trajectory points. In addition, very detailed checks are necessary, when the
IBM machines are used, in order to determine the adequacy of these partial
results before the completion of the total trajectory computation. Otherwise
an error in any one of the 40 odd steps in the computations for one point
might not be detected until the work for all 800 points had been completed.
The Bell machines, however, are both flexible and reliable. They compute
complete data for successive trajectory points, and they require very little
set-up time. They are particularly useful for the solution of small, varied
problems and are consequently desirable for providing the ENIAC with
isolated check results whenever the data at hand are justifiably abundant
for the utilization of the ENIAC.

It appears from the tests to date at the BRL that the complete DOVAP
computations for a single 800-point trajectory are done equally expeditiously
on the ENIAC or the Bell machines (and perhaps as efficiently on the twin
IBM relay calculators—although limited experience with these machines
precludes any accurate appraisal at the present time of their use in the solu-
tion of the DOVAP problem). Because of the high programming time of the
ENIAC, however, the Bell machines are to be preferred for shorter problems
like the computation for a few points on a single trajectory. For longer
problems the picture changes. For example, the computations on 10 trajec-
tories for which the raw data are available simultaneously would be com-
pleted in about 2} days on the ENIAC, unless grave machine failures
occurred (2 days preparatory plus 15 minutes per trajectory), but would
require almost 30 days of continuous day and night running time on the
Bell machines. Both the ENIAC and the Bell Relay Machine are extremely
useful in the fast reduction of DOVAP data. By comparison, the standard
IBM machines are quite limited in utility on this type of problem.

DorriTt HOFFLEIT

Harvard College Observatory
Cambridge Mass.

EpiroriaL NotTE: Dr. Hoffleit’s paper is a revision of the one to which we referred,
MTAC, v. 3, p. 133 (7).

1 The detailed mathematical solutions were carried out by Dr. Boris GARFINKEL of the
Ballistic Research Laboratories (BRL), Aberdeen, Md.
q .;J}Ne refer in particular to Multiplier Model 601. Newer models are both faster and more

exible.

B1BLIOGRAPHY Z-VI

1. Howarp H. AIKEN & GRACE M. HoprEer, ‘“The Automatic Sequence
Controlled Calculator,” 11, 111 Electrical Engineering, v. 65, Oct.—Nov.,
1946, p. 449-454, 522-528. 21.6 X 27.9 cm. See MTAC, v. 2, p. 185-187,
p. 316; v. 3, p. 210.

These articles continue a discussion of the functions of the ASCC developed for Harvard
University by the IBM Corporation. The calculator will carry out any selected sequence
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of the four fundamental operations of arithmetic (addition, subtraction, multiplication,
division), and reference to tables of previously computed results under completely automatic
control. The functions considered herein are those of the multiplication and division registers
and of the functional units. The preparation and planning of the sequence controlled tapes
are discussed.

MDL

2. ANON., “Relay computer for the army,” Bell Laboratories’ Record, v. 26,
1948, p. 208-209. 17.8 X 25.4 cm.

3. ANON., “The Univac,” Electronic Industries, v. 2, May, 1948, p. 9, 19;
illustr. 20.3 X 27.9 cm.

“‘An extremely high-speed electronic digital computer, designed by the Eckert-Mauchly
Computer Corporation, Philadelphia, is an advance in the new science of planning industrial
and military operations by solutions of formulas.”

MDL

4. JuLiaN H. BiceLow, JaMeEs H. POMERENE, RALPH J. SLuTz, & WILLIS
H. WARE, Interim Progress Report on the Physical Realization of an
Electronic Computing Instrument, Princeton, N. J., Institute for Ad-
vanced Study, 1 Jan., 1947, viii, 101 leaves. Mimeographed. 21.6 X 27.9
cm.

This report had been previously circulated to some degree in preliminary form but has
only recently been reproduced in quantity and made available for wider distribution. The
contents appear to be identical with those of the copies previously issued.

The report describes the engineering phases of the work on electronic digital computers
at the Institute for Advanced Study in an attempt to obtain the physical realization of the
machine which was discussed from the logical standpoint in a companion report issued by
the Institute, 28 June, 1946, entitled Preliminary Discussion of the Logical Design of an
Electronic Computing Instrument; see MTAC, v. 3, p. 50-53 for a review of this report.
Beginning with an outline of the gbjective and organization planned to meet it, the report
continues with a general discussion of the arrangement and components of the entire com-
puter. It then goes on to present a detailed description of analysis tests and conclusions
drawn from them on the use of a magnetic wire or tape for external memory and operation
of elementary circuit components such as the *“flip-flop” and the ‘“‘counter.” The report ends
with a brief statement of the future plans of the group at the time the report was issued.

It is to be noted that two years have elapsed since the date of this report. In a field as
rapidly developing as electronic digital computing, this is a relatively enormous lapse of
time. In addition, development of the ‘‘selectron’ has been disappointing, at least, as con-
cerns the time schedule. In view of these two facts, the report is somewhat outdated. It is
believed, however, that much of the content is applicable even at this date, provided the
reader overlooks the multitude of typographical errors scattered throughout the report.
This is the more true in view of the relatively small amount of development that has taken
place elsewhere in regard to input and output equipment for high-speed computers as com-
pared to work on the more glamorous phases of high-speed memory, control, and electronic

computation.
MDL

5. Louts COUFFIGNAL, ‘“‘Les travaux frangais sur les machines mathéma-
tiques,” Atomes, v. 3, no. 23, Feb., 1948, p. 44-48. 21 X 26.7 cm.
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6. ANDREW V. HAEFF, “A memory tube,” Electronics, v. 20, 1947, p. 80-83.
20.3 X 29.8 cm. See MTAC, v. 3, p. 281-286.

A pattern is produced, stored, and scanned on dielectric screen by electron beams.
The special cathode-ray tube can be used to store for protracted periods television pictures,
radar indicator patterns, oscilloscope traces, or other information.

MDL

7. ANDRE LiION, ‘“Atom taming equations turn to peace tasks—pure science,
higher mathematics get bigger industrial roles,” Barron's National Busi-
ness Weekly, Jan. 6, 1947, Newspaper.

8. MOORE ScHOOL OF ELECTRICAL ENGINEERING, University of Pennsyl-
vania, Progress Report on the ED VA C (Electronic Discrete Variable Com-
puter). Prepared by the staff of the EDVAC project and edited by T.
KiTE SHARPLESS. 2 v., Philadelphia, Pa., June 30, 1946, about 600
leaves, tables and diags. 21.6 X 27.9 cm.

The Ordnance Department of the United States Army, seeing the need for tremendous
amounts of computation in military and civilian scientific work, is sponsoring the design
and construction of an extremely fast electronic computer at the Moore School of Electrical
Engineering of the University of Pennsylvania.

The EDVAC Report presents the state of thinking about electronic computers at the
Moore School at the date of writing (1946). The content of the Report is largely determined
by one of its objectives, namely, to give the Ordnance patent department material on which
to base patent applications. For this reason, and because it was written while the project
was in the early exploratory stage, the Report describes a great many conceivable ways of
designing parts of the computer. For example, a chapter on “adders” treats a number of
circuits using standard triodes, standard pentodes, and tubes associated with resistance
matrices or “‘function tables,” as well as proposed special adder tubes; and these elements
are combined into adders for binary, bi-quinary, shifted binary, and decimal notations.

The report contains nine chapters dealing with the components of a digital computer
and their organization. Chapter I deals with adders, multipliers, miscellaneous circuits, and
“computers.” The discussion on adders has been mentioned, and the remarks about that
section apply to the sections on other components. Among the miscellaneous circuits are gat-
ing circuits to control the flow of signals along a path, circuits to produce complements of
numbers, and circuits that will in effect align the “‘binary point” when binary numbers of
different orders of magnitude are to be added. The computer section explains how adders
and multipliers can be controlled to carry out the fundamental arithmetic operations.

Chapter II is a general discussion of acoustic wave propagation in tubular spaces, with
special attention to the generation, propagation, detection, and distortion of signal pulses
thru tubes containing piezoelectric crystal transducers for converting electrical into acoustic
pulses. The chapter includes a detailed theoretical analysis of reflection at the ends of the
tube, the cutting and mounting of the crystals, and the characteristic impedances of the
resulting acoustic delay line. Data in the form of a sequence of pulses can be fed into one end
of a delay line, picked up at the other end, reshaped by an amplifier and fed back into the
line. Fairly complete circuits for the reshaping amplifier are given, and the problem of
synchronizing several delay lines, so that they can work in parallel, is treated.

Chaper III is a short discussion of ways of remembering data in cathode-ray tubes
(similar to television tubes) and in the RCA Selectron. Chapter IV describes briefly, and in
very general terms, magnetic recording on tapes and discs, and a calculator based on such
recording. Chapter V points out the requirements of the typewriter, or manually operated
input device, and of the printer, or automatically operated output, for a computer. Several
proposals for each are mentioned. In a large computer, the equipment needed to steer
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numbers and instructions over the various possible paths within the computer is a major
part of the entire machine. Chapter VI treats this part of the subject in some detail. The
last three chapters of the report deal with various proposed forms of EDVAC, namely, a
Serial Acoustic, a 4-Channel Electrostatic, and a 4-Channel form.

The EDVAC Report suffers less from incoherence than most group reports; it is care-
fully arranged and edited, and records a wide variety of ideas in accessible form. In many
ways it is unfortunate that publication of reports on computer techniques must be so long
delayed. A review of a report from the EDVAC group on the changes in the picture that
have occurred in the two and one half years since the present report was written would be
valuable.

GEORGE R. StiBITZ

9. Institute of Radio Engin., Proc., v. 36, Mar., 1948, p. 377. 20.3 X 27.9
cm.

On this page are abstracts of papers dealing with high-speed computers, presented at a
meeting of the Institute, March 24, 1948.
MDL

NEws

Association for Computing Machinery.—The proposed form, dated February 15, 1948,
of the Constitution and Bylaws for the Association, sent out to the members for balloting,
was not adopted. Because of the high proportion of ballots in favor of its adoption, however,
the Council of the Association, at a meeting on May 27th, resolved ‘‘to act in accordance
with the proposed Constitution and Bylaws.” The Association's Committee on Constitution
and Bylaws will consider the suggestions for its revision (particularly the proposed limita-
tion of the number of Members-at-Large on the Council, and the proposed specification of
the manner in which election ballots shall be counted), formulate their recommendations, and
submit them to the Council. An improved draft of a proposed Constitution and Bylaws
will then be resubmitted to the members of the Association. Also at its May 27th meeting,
the Council resolved to hold elections promptly for President, Vice-President, Section
Officers, and Members-at-Large, for the period until May 31, 1949. The President, John
Curtiss, appointed a nominating committee consisting of G. R. StiBITZ, S. N. ALEXANDER,
and C. V. L. SmitH. They met on June 10, 1948, and made the following nominations:
for president: J. W. MaucHLY (E-MCC); for vice-president: F. L. ALT (BRL, Aberdeen);
for section officer—s.o. (Boston): F. L. VErzun (MIT); for s.o. (New York): SAMUEL
LuBkiN (NBS); for s.o. (Philadelphia and Aberdeen): T. K. SHARPLESS (Technitrol Engin.
Co.); for s.o. (Washington): MINA REes (ONR); for member at large—m.a.l. (mathe-
matics): HANs RADEMACHER (Univ. Pa.); for m.a.l. (statistics): J. L. McPHERsON (BC);
for m.a.l. (communications): C. B. ToMPKINs (Engin. Res. Assoc.); for m.a.l. (business and
finance): HENRY RAHMEL (A. C. Nielsen Co.); for m.a.l. (engineering): CHARLES CON-
corDIA (G.E. Co.). The Secretary and Treasurer are elected by the Council. The Associa-
tion now has 465 members; a roster of members as of May 21, 1948, was prepared and dis-
tributed to the members.

The Institute for Teachers of Mathematics.—The 8th annual session of the Institute
for Teachers of Mathematics was held on August 9-20, 1948, at Duke University, Durham,
N. C. At that time 24 papers were read illustrating the use of mathematics in various scien-
tific fields of endeavor, and many laboratory classes were held for the benefit of the par-
ticipating teachers.

One of the sessions was given over to a discussion of automatic digital computing ma-
chines by Mrs. IpA RHODES of the NBSMDL. A brief history of computation and tools for
computation preceded a detailed discussion of the electronic machines presently being
constructed.
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International Business Machines Corporation.—During the week of August 23, 1948,
the IBM conducted a Scientific Computation Forum, which was attended by some 70
invited guests.

The first 4 days, sessions were held at Endicott, New York, and 20 papers were pre-
sented, dealing with basic techniques for IBM machine computation as applied to differ-
encing of tables, matrix operations, differential equations, and numerous other branches of
applied mathematics. A welcome feature of the meeting was the demonstration of the
principles and uses of the soon-to-be-released IBM machine no. 604, which, because of its
several new features, promises to be a most useful addition to any IBM installation en-
gaged in computation for applied mathematics.

A tour through the IBM factory, guided by a member of the company, and a banquet
held in the IBM Homestead completed the first stage of the forum. The last day was spent
at the IBM World Headquarters in New York, where 4 additional papers were read and a
demonstration of the IBM Selective Sequence Electronic Calculator was given.

The persons participating in this forum represented various government agencies,
industrial organizations and academic institutions. Not only were the 24 papers informative
and thought provoking, but the opportunity for exchange of opinion was of substantial
benefit to anyone faced with computation problems.

Symposia on Modern Calculating Machinery and Numerical Methods.—The symposia
were held July 29-31, 1948, at the University of California, Los Angeles, under the joint
auspices of the Institute for Numerical Analysis (INA), NBS, and the Departments of
Astronomy, Engineering, and Mathematics, UCLA, in cooperation with the AIEE, the
Amer. Math. Soc., the Amer. Phys. Soc., the ASME, the ACM, the Engineering Division,
Air Materiel Command, U.S.A.F., the Institute of the Aeronautical Sciences, the IRE, the
Math. Assoc. Amer., and the ONR. In a sense, the symposia served as a continuation of the
very significant symposium on large-scale digital calculating machinery which was held at
the Harvard Computation Laboratory, Harvard University, Jan. 7-10, 1947; see MTAC,
v. 2, p. 229-238.

The symposia provided those in attendance with up-to-date information regarding the
technological and mathematical developments in the field of ultra-high speed numerical
calculation. Also the symposia marked the formal opening of the INA which is a section of
the NBSNAML. The establishment of the Institute was fostered by the Office of Naval
Research (ONR) and has been firmly supported by the ONR and the Air Materiel Command
of the USAF. The Institute functions as a center for basic research and training in the
types of mathematics essential to the exploitation and the further development of high-
speed automatic digital computing machinery; also it provides a computation service for
the Southern California area and is concerned with the formulation and analytical solution
of important problems in applied mathematics. In addition to the desk calculators and
punch-card equipment already installed, the INA will be equipped with at least one general
purpose large-scale electronic digital computing machine, as soon as such equipment be-
comes available.

Program

July 29, Session I: L. M. K. BOELTER, chairman
Addresses of Welcome:
For the University: CLARENCE DYKSTRA, provost UCLA
For the NBS: W. R. BRrobeg, assoc. director NBS
For the Navy Dept.: A. T. WATERMAN, ONR
For the USAF: O. C. MaIER, Wright Field
Invited address: ‘‘Electronic methods of computation” by JoHN voN NEUMANN
Session II: J. H. Curriss, chairman
“General survey of current British developments” by D. R. HARTREE
“General survey of current American developments” by PERRY CRAWFORD, JR.
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Session III: Progress Reports from Principal Academic Research Centers, PAUL MORTON,

chairman

“The electric analog computer” by G. D. McCaNN
“Comments on the reliability of operation of computing machinery’” by H. H. AIKEN
“Project whirlwind at MIT” by J. W. FORRESTER
“Recent developments at project EDVAC” by R. L. SNYDER
“Recent developments at the Institute for Advanced Study” by H. H. GOLDSTINE
““Recent developments at the Illinois Inst. of Techn.” by T. J. HIGGINs

July 30, Session IV: Progress Reports from Principal Commercial Research Laboratories,

N. E. EDLEFSEN, chairman

“‘Recent developments—UNIVAC"” by J. W. MaucHLY
“Recent developments—REEVAC"” by H. I. Zacor
“Recent developments—Engin. Res. Associates’’ by C. B. ToMPKINS
“Recent developments in electronic computers—IBM'' by R. R. SEEBER
“Recent developments—Bell Tel. Labs.” by B. MCMILLAN
“Recent developments—Raytheon Labs.” by R. V. D. CaMPBELL
Session V: Programming for Automatic Digital Computing Machinery, JoHN Tobpb,

chairman

“Programming for the Dahlgren machine” by C. C. BRAMBLE
“Programming for the Aberdeen machines” by FrRaNz ALT
“Programming for the IBM SSEC” by R. R. SEEBER
“Programming for machines under development’ by H. D. Huskey
“Programming for machines under construction’ by IpA RHODES
Session VI: Lecture (illustrated with lantern slides), ‘‘Recent developments at the Har-
vard Computation Laboratory” by H. H. AIKEN. Also

General Open Discussion

H. H. AIKEN, chairman. F. L. ALT, ]. W. FORRESTER and JoHN ToDD assisted in answer-

ing questions.

July 31, Session VII: The Future of Numerical Analysis, E. F. BECKENBACH, chairman
“Some unsolved problems in numerical analysis” by D. R. HARTREE
“Numerical methods in pure mathematics” by D. H. LEHMER & HaNs RADEMACHER
“Problems in probability and combinatorial analysis’ by S. M. ULam

Session VIII: Numerical Methods in Applied Mathematics, JOHN BARNES, chairman

“Numerical calculations in nonlinear mechanics’ by SOLOMON LEFSCHETZ
“Programming in a linear structure” by G. B. DaNTzIG
““Wave propagation in hydrodynamics and electrodynamics’” by BERNARD FRIEDMAN
“Eigenvalues and eigenvectors for symmetric matrices’” by H. H. GOLDSTINE

The following 515 members registered
for the Symposia:

H. H. Aiken, Harvard Univ.

H. F. Allen, Head, Math. and Physics Dept.,
Coalinga Jr. College

F. L. Alt, BRL, Aberdeen Proving Ground,
Md.

Alphonso Ambrosio, Engin. Dept., UCLA

B. F. Ambrosio, USN Electronics Lab., San
Diego 52, Cal.

Ruth K. Anderson, USN Ordn. Test Sta-
tion, China Lake, Cal.

E. J. Andrews, N. A. Aviation, Aero-
physics Lab.

Selma Anno, Chicago, Ill.

R. F. Arenz, USNEL

W. N. Arnquist, ONR, Pasadena, Cal.

K. J. Arrow, Univ. Chicago

S. E. Asplund, AMS, Air Weather Service,
USAF

H. T. Avery, Marchant Calculating Co.,
Oakland, Cal.

H. A. Babcock, Cons. Eng., USC

L. L. Bailin, NBS, UCLA

L. U. Baldwin, USN Air Missile Test
Center, Point Mugu, Cal.

W. W. Baldwin, Cons. Eng., Henry A.
Babcock, Los Angeles, Cal.

Alfred Banos, Jr., Physics Dept., UCLA

J. L. Barnes, UCLA

A. R. Baugh, USNAMTC
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Elizabeth P. Baxter, Jet Propulsion Lab.,
CIT

E. F. Beckenbach, NBSINA, UCLA

F. J. Bednare, USNOTS

Nichola Begonich, Hughes Aircraft, Los
Angeles, Cal.

Clifford Bell, UCLA

Richard Bellman, Stanford Univ.

W. W. Beman, Telecomputing Corp.

B. M. Bems, Shell Development Co.

E. T. Benediht, N. A. Aviation

A. 1. Benson, USNOTS

Arnold Benton, Douglas Aircraft, Project
Rand, Santa Monica, Cal.

E. R. Bergmark, Clary Multiplier Corp.

C. E. Berry, Consolidated Engin. Corp.,
Pasadena, Cal.

V. E. Bieber, Jr., Bureau of Aeronautics,
Washington, D. C.

J. A. Bielefeldt, Inst. Navigation, U. S.
Army Ret.

P. E. Bisch, N. A. Aviation

David Blackwell, Howard Univ., Washing-
ton, D. C.

Gertrude Blanch, NBSINA, UCLA

W. J. Blinn, Northrop Aircraft

J. H. Blythe, Hydrographic Office, Navy
Dept.

C. A. Bodwell, USNOTS

J. W. Boehr, Dept. Water & Power, Los
Angeles, Cal.

L. M. K. Boelter, UCLA

Eugene Bollay, ONR, Los Angeles Branch

William Bollay, N. A. Aviation, Inc.,
Aerophysics Lab

E. E. Bolles, Univ. Cal., Berkeley

W. W. Bolton, NBSINA, UCLA

J. J. Bonness, N. A. Aviation

J. R. Borden, Cal. Tech.

B. B. Bower, USC

E. C. Bower, Douglas Aircraft Co.

R. E. Boyden, Clary Multiplier Corp., San
Gabriel, Cal.

J. R. Bradburn, Consolidated Engin. Corp.,
Pasadena, Cal.

F. H. Brady, Cal. Tech.

C. C. Bramble, Naval Proving Ground,
Dahlgren, Va.

D. R. Branchflower, Northrop Aircraft,
Hawthorne, Cal.

J. J. Brandstatter, AMS

C. Braudon, New Jersey

E. L. Braun, Northrop Aircraft

J. H. Braun, U. S. Army, 1st Guided Mis-
siles Regiment
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C. N. Brittle, Engin. Dept., UCLA

W. R. Brode, Assoc. Dir. NBS, Washington,
D. C.

Robert Bromberg, Engin. Dept., UCLA

I. J. Bross, Student, UNC

Bernice Brown, Project Rand, Douglas
Aircraft

F. W. Brown, N. A. Aviation

G. W. Brown, Douglas Aircraft

R. R. Brown, USC

F. E. Bryan, Douglas Aircraft

J. M. Buchanan, Consolidated-Vultee Air-
craft Corp.

W. Buchholy, Analysis Lab., Cal. Tech.

E. L. Buell, Northwestern Tech. Inst.,
Evanston, Il

Patricia Burton, NBSINA, UCLA

R. W. Bussard, Student, UCLA

F. A. Butter, Jr., Hughes Aircraft Co., and
UCLA

Albert Cahn, NBSINA, UCLA

R. H. Cameron, NBSINA, Univ. Minn.

R. V. D. Campbell, Raytheon Mfg. Co.,
Waltham, Mass.

E. W. Cannon, NBS, Washington, D. C.

D. B. Caples, Shell Develop. Co.

W. T. Cardwell, Jr., Cal. Res. Corp.

W. P. Carini, USNAMTC

B. Cassen, UCLA

C. R. Cassity, N. M. Sch. Mines

L. H. Cherry, USNAMTC

B. A. Chiappinelli, Student, UCLA

C. A. Christoff, Clary Multiplier Corp.

Douglas Clark, Jr., N. A. Aviation Corp.

F. H. Clauser, Johns Hopkins Univ.

Joe Coarza Jr., Clary Multiplier Corp.

Charles Concordia, GE

C. D. Coulbert, Engin. Res. UCLA

W. E. Cox, Northrop Aircraft, Inc., Haw-
thorne, Cal.

B. M. Craig, Consulting Engin., Pasadena,
Cal.

Perry Crawford, Jr., ONR, BOQ, Sands
Point, Port Washington, N. Y.

C. I. Cummings, Jet Propulsion Lab.,
Pasadena, Cal.

J. H. Curtiss, NBS, Washington, D. C.

Leola Cutler, NBSINA, UCLA

S. M. Dancoff, Univ. Illinois

G. B. Dantzig, USAF, Comptr., Pentagon,
Washington, D. C.

Tobias Dantzig, USC

F. E. Dapron, Coeur d’'Alene, Idaho

P. H. Daus, Math. Dept., UCLA

Nancy L. Davidson, AMS, USNOTS
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C. F. Davis, N. A. Aviation

L. E. Day, USNAMTC

John Delmonte, West Coast Univ.

P. A. Dennis, Douglas Aircraft Co.

C. R. De Prima, Cal. Tech.

D. G. Dethlefsen, Cal. Tech.

L. I. Deverall, Univ. Utah

C. B. Dewey, Reeves, Instr. Corp.

E. S. Dibble, GE

D. G. Dill, Douglas Aircraft

J. C. Dillon, UCLA

John Donahue, USNEL

P. W. Douglass, Douglas Aircraft Co.

M. Dresher, Douglas Aircraft Co.

Mary Driggers, USNOTS

J. M. Dunford, U. S. Atomic Energy Comm.,
Washington, D. C.

C. L. Dunsmore, Math. Dept., UCLA

B. G. Eaton, U. S. Navy Ordnance

D. E. Echdahl, Northrop Aircraft, Inc.

N. E. Edlefsen, N. A. Aviation, Aero-
physics Lab.

H. P. Edmundson,
UCLA

Victor Elconin, West Coast Univ.

A. T. Ellis, USNOTS

M. L. Enger, Univ. Illinois

R. R. Everett, Servomechanisms Lab.,
MIT

A. F. Fairbanks, N. A. Aviation

G. R. Fawks, Jr., GE

S. Feferman, NAMTC

F. G. Fender, Rutgers Univ., New Bruns-
wick, N. J.

G. S. Fenn, Northrop Aircraft and UCLA

Benjamin Ferber, Consolidated-Vultee Air-
craft Corp.

M. M. Flood, Project Rand, Douglas Air-
craft Co.

J. W. Follin, Jr., Applied Physics Lab.,
Johns Hopkins Univ.

J. W. Forrester, MIT

H. K. Forster, Cal. Tech.

E. Forsythe, UCLA

A. Fout, USNOTS

P. Frankel, Frankel & Nelson

R. Franks, NBSINA, UCLA

H.

V.

C.

Graduate Student,

G.
A.
S.
J.

C. Fraser, USNEL

T. V. Frazier, Physics Dept., UCLA
O. C. E. Frederic, MAI, USAF
John Freund, Alfred Univ.

R. H. Frick, Douglas Aircraft Co.
Bernard Friedman, N. Y. Univ.

E. R. Frisby, Los Angles, Cal.

F. Fruitman, J. P. L., Cal. Tech.

AUTOMATIC COMPUTING MACHINERY

B. L. Fry, N. A. Aviation Corp.

W. E. Frye, N. A. Aviation

H. O. Fuchs, Preco, Inc.

Barbara F. Fuess, Appl. Physics Lab.,
Johns Hopkins Univ.

R. T. Gabler, N. A. Aviation, Aerophysics
Lab.

Marjorie Galvan, Engin. Dept., UCLA

D. L. Gerlough, Engin. Dept., UCLA

H. H. Germond, Project Rand, Douglas
Aircraft Co.

S. O. Gibson, Northrop Aircraft, Inc.

F. R. Gilmore, Physics Dept., Cal. Tech.

M. A. Girshick, Project Rand, Douglas
Aircraft Co.

H. H. Goldstine, Inst. Adv. Study

J. J. Goodpasture, Douglas Aircraft Co.

J. R. Gorman, USN Acad.

G. E. Gourrich, NBS

R. B. Graham, Bendix Aviation Corp.,
Res. Labs.

L. L. Grandi, UCLA

Joe Green, Hydro Lab., Cal. Tech.

Celia E. Greenberg, USNAMTC

Harry Greenberg, Cal. Tech.

M. A. Greenfield, N. A. Aviation

R. E. Greenwood, NBSINA, UCLA

R. H. Griest, Hughes Aircraft Co., Culver
City, Cal.

Amy E. Griffin, USNOTS

F. M. Griffith, Douglas Aircraft Co., El
Segundo, Cal.

D. T. Griggs, Inst. Geophysics, UCLA

A. J. Grobecker, Gilfillan Bros.

0. A. Gross, Project Rand, Douglas Air-
craft Co.

W. F. Gunning, Douglas Aircraft Co.

W. D. Gutshall, N. A. Aviation, Ingle-
wood, Cal.

W. B. Habenstreit, Hughes Aircraft Co.,
Culver City, Cal.

C. K. Hadlock, UCLA

J. V. Hales, Meteor. Dept., Univ. Utah

J. R. Hall, UCLA

E. J. Hardgrave, Jr., Ordn. Aerophys. Lab.,
Consolidated-Vultee Aircraft Corp.

G. Hare, Nat. Techn. Lab.

T. E. Harris, Project Rand, Douglas Air-
craft Co.

D. R. Hartree, NBS

R. H. Harwood, USNEL

W. R. Haseltine, USNOTS

R. E. Hastings, Western Electronic Supply
Corp.
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R. M. Haues, UCLA

J. W. Hazen, UCLA

H. R. Hegbar, Goodyear Aircraft Corp.,
Akron, Ohio

I. R. Heimlich, Clary Multiplier Corp.

Olaf Helmer, Project Rand, Douglas Air-
craft

Delia M. Herbig, NBSINA, UCLA

H. L. Herman, UCLA

Samuel Herrick, Dept. Astron., NBSINA,
UCLA

M. R. Hestenis, UCLA

T. J. Higgins, Ill. Inst. Tech.

B. I. Hill, AFF Bd. no. 4, U. S. Army

K. L. Hillam, Univ. Utah

H. W. Himes, USNEL

P. J. Himes, USNEL

A. S. Hoagland, Univ. Cal., Berkeley

Walter Hochwald, N. A. Aviation, Aero-
physics Lab.

W. C. Hoffman, USNEL

R. E. Holzer, UCLA

J. F. Hook, Engin. Res., UCLA

Ralph Hopkins, IBM

Ruth B. Horgen, NBSINA, UCLA

Jacob Horowitz, Harvard Univ.

R. E. Horton, AMS

A. S. Householder, Oak Ridge Nat. Lab.

Allen Huntington, USNEL

C. C. Hurd, Carbide and Carbon Chemicals
Corp.

W. C. Hurty, Engin. Dept., UCLA

H. D. Huskey, NBS

Mrs. H. D. Huskey, NBS

H. W. Hutchcraft, USNAMTC

C. A. Hutchinson, Univ. Colorado

J. B. Irwin, USNOTS

Rufus Isaacs, N. A. Aviation

C. N. Jacobs, Solromar, Cal.

E. H. Jacobs, UCLA

Earl Janssen, Dept. Engin., UCLA

E. F. Johnson, Production Res.
Carter Oil Co.

P. A. Johnson, Boeing Airplane Co.

Herman Kahn, Project Rand, Douglas
Aircraft

H. R. Kaiser, Engin. Res. UCLA

Hildegard K. Kallmann, Project Rand,
Douglas Aircraft

Shih-Kung Kao, Meteor. Dept., UCLA

Samuel Karlin, Cal. Tech.

A. F. Kay, Jet Propulsion Lab., Cal. Tech.

P. H. Kemmer, Engr. Div., USAF, AMC

E. C. Kennedy, Ordn. Aerophysics Lab.,
Daingerfield, Texas

Lab.,
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M. Kessman, Student, UCLA

R. B. Kimball, GE, Los Angeles, Cal.

R. I. King, ASME

W. B. Klemperer, Douglas Aircraft Co.,
Santa Monica, Cal.

R. G. Knutson, Guided Missile Div.,
USNOTS

Frank Kreith, Jet Propulsion Lab., Cal.
Tech.

F. J. Krieger, Douglas Aircraft Co.

H. P. Kuehni, GE

J. H. Kusner, Munition Board, Office Sec.
Defense

Paco Lagerstrom, Cal. Tech.

E. V. Laitone, Inst. Adv. Study

Cornelius Lancros, Boeing Airplane Co.,
Seattle, Wash.

Norman Lapworth, Project Rand, Douglas
Aircraft

J. J. Larkin, Project Rand, Douglas Air-
craft

A. L. Latter, Res. Engin., UCLA

Jane M. Lawler, AMS, ASCE, AAAS

Don Lebell, Engin. Dept., UCLA

P. Le Corbeiller, Harvard Univ., USNEL

L. K. Lee, N. A. Aviation

S. Lefschetz, Princeton Univ.

D. H. Lehmer, Univ. Cal., Berkeley

D. F. Leipper, Scripps Inst. Oceanography

H. I. Leon, Engin. Res., UCLA

S. N. Lewis, UCLA

J. C. R. Licklider, Harvard Univ.

H. A. Linstone, A.A.P.T., Amer.
Physics

Robert Lipkis, Engin. Dept., UCLA

M. V. Long, Shell Development Co., San
Francisco, Cal.

Bart Loranthe, Cal. Tech.

Jack Lorell, Jet Propulsion Lab., Cal. Tech.

John Lorne, Douglas Aircraft

Harry Loss, Cal. Tech.

D. B. Lovett, USNOTS

P. A. Luth, Jr., N. A. Aviation, Aerophysics
Lab.

Harold Luxenberg, UCLA

Malcolm Macaulax, Cal. Res. Corp.

R. H. MacNeal, Cal. Tech.

H. M. MacNeille, Atomic Energy Comm.

O. C. Maier, Engin. Div., Air Material
Command, Wright Field, Ohio

F. L. Maker, Cal. Res. Corp.

B. B. Mandelbrot, Cal. Tech.

R. S. Mark, Clary Multiplier Co.

H. W. Marsh, Jr., USN Underwater Sound
Lab., New London, Conn.

Inst.
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F. C. Martin, USNEL

F. T. Martin, IBM

J. W. Mauchly, E-MCC

Mrs. Kathleen R. Mauchly, Phila., Pa.

J. P. Maxfield, Engr. Consultant, Van
Nuys, Cal.

G. D. McCann, Cal. Tech.

John McCarthy, Cal. Tech.

J. P. McClellan, USNOTS

F. A. McClintock, Cal. Tech.

C. W. B. McCormick, Engin. Computing
Lab., Glendale, Cal.

A. H. McEuen, IRE

G. F. McEwen, Scripps Inst. Oceanography,
A.PS.

M. D. McFarlane, Sierra Engin. Co.

Brockway McMillan, Bell Tel. Lab.

W. P. McNulty, Librascope, Inc.

D. E. McPherson, Jr., Amer. Meteor. Soc.

W. S. Melahn, Project Rand, Douglas
Aircraft Co.

A. S. Mengel, Prqject Rand, Douglas Air-
craft Co.

W. D. Merrick, USNOTS

W. A. Mersman, NACA Ames Aeronautical
Lab.

B. S. Mesick, Ordn. Dept., USA

N. Metropolis, Los Alamos Scient. Lab.

R. F. Mettler, Cal. Tech.

A. D. Michal, Cal. Tech.

J. W. Miles, UCLA

A. Miller, Bureau Ordn. USN

Larry Minvielle, USNOTS

F. W. Mitchell, Mitchell & Sheffer

W. D. Mitchell, Dept. Engin., UCLA

C. E. Mongan, Jr., Bendix, Pacific

A. M. Mood, Douglas Aircraft Co.

J. R. Moore, Bureau Aeronautics

G. K. Morikawa, Cal. Tech.

C. D. Morrill, Goodyear Aircraft Corp.,
Akron, Ohio

A. J. Morris, ONR, San Francisco, Cal.

Reeves Morrisson, United Aircraft Corp.,
Res. Dept., E. Hartford, Conn.

P. L. Morton, Univ. Cal., Berkeley

A. C. Mowbray, Jet Propulsion Lab., Cal.
Tech.

Mervin Muller, UCLA

H. D. Munroe, USNAMTC

Joseph Myers, AMC, USAF

Albert Nadel, N. A. Aviation, Aerophysics
Lab.

J. M. Naiman, Douglas Aircraft Co., Santa
Monica, Cal.

M. Neiburger, Dept. Meteor., UCLA
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Eldred Nelson, Frankel & Nelson

Lewis Nelson, Fairchild Engine and Air-
plane Corp., NEPA

J. von Neumann, Inst. Adv. Study, Prince-
ton, N. J.

H. W. Niepmann, Cal. Tech.

Kabe Niepmann, Pasadena, Cal.

E. N. Nilson, United Aircraft Corp., East
Hartford, Conn.

G. V. Nolde, Consulting Engin., Marchant
Calculating Co.

Glen Nye, USNEL

P. F. O'Brien, Engin., UCLA

J. W. Odle, USNOTS

B. G. Oldfield, Math. Div., USNOTS

R. H. Olds, Explosives Dept., USNOTS

E. G. Olmsted, Dept. Water & Power,
Los Angeles

C. A. O'Malley, IBM

R. D. O'Neal, Eastman Kodak Co.,
Rochester, N. Y.

R. R. O'Neill, UCLA

Palmer Osborn, Scripps Inst. Oceanography,
La Jolla, Cal.

A. C. Paine, McGraw-Hill Book Co., New
York, N. Y.

W. O. Paine, NBSINA, UCLA

T. R. Parkin, USNOTS

R. J. Parks, Cal. Tech.

G. W. Patterson, Univ. Penn.

G. H. Peebles, Project Rand, Douglas Air-
craft Co.

Chester Peirce, Western Field Office Engin.,
USAF

J. C. Pemberton, Navy Dept., Washington,
D. C.

Abe Pepinsky, USNEL

R. P. Peterson, NBSINA, UCLA

W. H. Petit, Engin., Clary Multiplier Corp.

C. M. Petty, Grad. Student, USC

R. S. Phillips, USC

W. H. Pickering, Cal. Tech.

Firth Pierce, USNOTS

E. M. Piper, USC

M. S. Plesset, Cal. Tech.

Jeanne Poehlmann, Elect. Engin., UCLA

Harry Polachek, NOL, Washington, D. C.

M. Popovich, JPH-CIT and Oregon State
College

F. R. Porath, San Diego Gas and Elec-
tric Co.

E. E. Postel, Lockheed Aircraft Co., Bur-
bank, Cal.

J. A. Postley, NBSINA, UCLA

W. T. Puckett, Jr., Dept. Math., UCLA
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E. S. Quade, Project Rand, Douglas Air-
craft Co.

E. S. Quastinsky, Student, UCLA

Hans Rademacher, Univ. Penn.
NBSINA, UCLA

Carl Rasmussen, N. A. Aviation

R. E. Rawlins, Lockheed Aircraft Corp.

E. A. Rea, NBSINA, UCLA

W. T. Reid, UCLA

Ida Rhodes, NBS

K. C. Rich, USNOTS

D. E. Richmond, AMS

L. N. Ridenour, Univ. IlL.

Leon Robbins, NBSINA, UCLA

William Robbins, Engin. Res., UCLA

Sibyl M. Rock, Consolidated Engin. Corp.,
Pasadena, Cal.

H. P. Rodes, Dept. Relations with Schools,
UCLA

Stanley Rogers, Consolidated-Vultee Air-
craft Corp.

T. A. Rogers, Dept. Engin., UCLA

R. K. Roney, Cal. Tech.

Saul Rosen, Univ. Penn. and UCLA

D. Rosenthal, UCLA

W. T. Russell, Cal. Tech.

David Rutland, N. A. Aviation

E. F. Ryan, Meteor. Dept., UCLA

E. A. Ryayec, Res. Dept. Staff, USNOTS

G. M. Salamonovich, N. A. Aviation

B. L. Sarahan, NRL, Washington D. C.

Felix Saunders, G. M. Giannini & Co.

D. S. Saxon, Physics Dept., UCLA

A. C. Schaeffer, Purdue Univ., ONR

S. A. Schelkunoff, Bell Tel. Labs., and
USNEL

J. W. Schendel, N. A. Aviation

Ole Schey, San Diego State College

Bill Schutz, NBSINA, UCLA

G. A. Schunman, Cal. Tech.

R. R. Scoville, Western Electric Co.

R. R. Seeber, IBM

W. Seidel, Univ. Rochester and NBSINA,
UCLA

H. S. Seifert, Cal. Tech.

L. W. Sepmeyer, USNOTS

P. A. Shaffer, USNOTS

M. J. Sheehy, USNEL

Leon Sherman, Inst. Geophysics, UCLA

R. N. Shiras, Shell Development Co., San
Francisco, Cal.

Bernard Shoor, Northrop Aircraft, Haw-
thorne, Cal.

Roselyn Siegel, NBSINA, UCLA

L. L. Silverman, Dartmouth College

and
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R. F. Sink, Consolidated Engr. Corp.

Anna L. Skogstad, Project Rand, Douglas
Aircraft Co., Santa Monica, Cal.

L. J. Sluyter, Dept. Water and Power,
Los Angeles

A. M. Small, USNEL

M. V. Smirnoff, UCLA

. V. L. Smith, ONR, Washington, D. C.

. L. Smith, Cal. Res. Corp.

. K. Smith, Northrop Aircraft Co.

. L. Snyder, Univ. Penn.

I. S. Sokolnikoff, Math. Dept., UCLA

H. H. Sommer, Douglas Aircraft Corp.

R. H. Sorgenfrey, UCLA

H. F. Sosbee, Business Adm., UCLA

Mott Souders, Shell Development Co.

N. E. Sowers, Army Field Forces Board
no. 4, Ft. Bliss, Texas

R. E. Sprague, Northrop Aircraft Co.,
Hawthorne, Cal.

Chauncey Starr, Aerophysics Lab., N. A.
Aviation

E. V. B. Stearns, Douglas Aircraft Co.

D. V. Steed, USC

Floyd Steele, Northrop Aircraft Co.

M. L. Stein, NBSINA, UCLA

C. H. Stevenson, Douglas Aircraft Co.

M. E. Stickney, Nat. Techn. Lab.

Vance Stine, Grad. Student, USC

E. E. St. John, Electronic Engin., Fairchild
Engine and Airplane Corp., NEPA

R. L. Stoker, UCLA

D. C. Strain, Nat. Techn. Lab.

K. E. Street, Nat. Techn. Lab.

A. C. Sugar, USC

R. J. Sullivan, Caterpillar Tractor Co.,
Peoria, Il

Robert Summers, Grad. Student, UCLA

R. A. Suthann, Engin., Clary Multiplier
Corp.

Mrs. Margaret D. Swanson, USNAMTC

N. M. Swanson, Cal. Tech.

I. H. Swift, USNOTS

J. D. Swift, Dept. Math., UCLA

Otto Szasz, NBSINA, UCLA

H. G. Tasker, Gilfillan Bros., Inc., Los
Angeles, Cal.

T. T. Taylor, Hughes Aircraft Co.

T. Y. Thomas, Indiana Univ.

J. S. Thompson, Douglas Aircraft Co.

P. E. Thompson, ASCE, Los Angeles
County Rd. Dept.

C. J. Thorne, Univ. Utah

H. E. Tillitt, USNOTS

Rose Tishman, NBSINA, UCLA
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John Titus, USNOTS

G. Toben, Northrop Aircraft Co., Haw-
thorne, Cal.

C. J. Todd, Meteorologist, Corona, Cal.

John Todd, NBSINA, UCLA

Olga T. Todd, NBSINA, UCLA

L. A. Tolve, U. S. Air Force, AMC,
Wright Field, Dayton, Ohio

C. B. Tompkins, Engin.
Arlington, Va.

V. N. Tramontini, Engin. Res., UCLA

J. W. J. Truran, British Joint Services
Mission

Mary J. Tudor, NBS

K. B. Tuttle, Northrop Aircraft Co.

.W. Tyler, Eastman Kodak Co., Rochester,

Y.

Tyler, Douglas Aircraft Co.

Tyler, USNEL

Ulam, Los Alamos Lab., and UCLA

Valentine, Math. Dept., UCLA

H. A. Van Dyke, USNOTS

C. J. Van Vliet, Dept. Meteor., UCLA

Andrew Vazsonyi, USNOTS

Ralph Vernon, Math. Instr., Claremont
Men's College

B. L. Waddell, Northrop Aircraft Co.,
Hawthorne, Cal.

J. A. Widemnaun, N. A. Aviation

W. P. Wallace, Engin. Dept., UCLA

J. E. Walsh, Douglas Aircraft Corp., Santa
Monica, Cal.

S. S. Walters, Math. Dept.,, UCLA &
Hughes Aircraft Co.

L. E. Ward, AMS

Mary C. Ward, USNOTS

J. E. Warren, Cal. Res. Corp.

A. T. Waterman, ONR, Washington, D. C.

J. H. Wayland, USNOTS

Alex Wayman, Student, UCLA

Res. Assoc.,

G

A
N.
E.F.
w.
S. M.
F. A.

OTHER AIDS TO COMPUTATION

J. H. Weaver, Telecomputing Corp., Bur-
bank, Cal.

J. W. Webster, NEPA, Fairchild Engine &
Aircraft Co.

Joseph Weinstein,
Labs., N. J.

E. T. Welmers, Bell Aircraft Corp., Buffalo,
N.Y.

R. L. Wenick, USC

R. L. Westhafer, New Mexico College of
A.&M.A.

D. E. Whelan, Jr., U. S. Coast & Geodetic
Survey

J. R. Whinnery, Hughes Aircraft Co.

W. B. White, Douglas Aircraft Corp.,
Santa Monica, Cal.

I. L. Wieselman, Northrop Aircraft Co.,
Hawthorne, Cal.

Weston Wilsing, Yakima Valley Jr. College

0. B. Wilson, Grad. Student, Physics Dept.
UCLA

Edna B. Winter, Quincy, IIL.

H. A. Wood, Chance Vought Aircraft

W. L. Wood, U. S. Army Ordn. Dept.,
Computing Lab., BRL

W. W. Woodbury, Northrop Aircraft Co.,
Hawthorne, Cal.

B. M. Woods, Engin. Dept., UCLA

P. E. Wylie, UCLA

John Wyreen, UCLA

R. M. Yoder, USNAMTC

W. E. Young, Garden & Williams

E. C. Yowell, NBSINA, UCLA

S. T. Yuster, Petroleum Eng., Penn. State
College

H. I. Zagor, Reeves Instrument Corp.,
N.Y.

H. A. Zartner, Dept. Meteor., UCLA

F. W. Zehan, Jet Prop. Lab., Cal. Tech.

G. A. Zizicas, Grad. Student, Engin. Dept.,
UCLA

Signal Corps Engin.

OTHER AIDS TO COMPUTATION
BI1BLIOGRAPHY Z-VI

1. KINGSLAND CaMmP, “A duodecimal slide rule,” The Duodecimal Bull.,
v. 4, no. 2, Oct. 1948, p. 7-12. 14 X 21.6 cm.

A discussion of problems involved in producing such a computing instrument.

2. N. A CARLE, “Graphic presentation for solving cubic equations,” Civil
Engineering, New York, v. 18, June 1948, p. 53. 20.9 X 28.6 cm.

) The eguation x® — 11.52x + 9.61 = 0 is solved by means of three calculated tables,
In connection with the simultaneous equations y = x%, y = 11.52x — 9.61.



