


































ASSOCIATION FOR COMPUTING MAOIINERY MEETING 
generator which uses a punched card to hold 
the information about the function being rep­
resented. Accuracy of representation of a func­
tion is one part in 250 in the ordinate, and with 
a standard punched card a function can be 
broken into eighty discrete abscissa points. 
Electrical and mechanical details of the design 
are included in this paper, and description is 
made of its usage as a multiplier, divider, gen­
erator of functions of one, two, or three vari­
abl!!s, as well as a straight "input function" 
generator. 

18 
An Analog Interpolator for Automatic Control 
GEORGE J. MoSHos, 
Lewis Flight Propulsion Laboratory, Cleveland, Ohio 

The analog interpolator discussed in this paper 
is a function generator which was developed as 
part of the N.A.C.A. automatic blade fabrica­
tion program. The function to be generated is 
defined in equal intervals of the argument. This 
information is prepunched in I.B.M. cards and 
is read into the interpolator by use of an I.B.M. 
523 Summary Punch. The interpolator gener­
ates a cubic polynominal through four of these 
points and provides a continuous angular out­
put for automatic control. 

19 
Stellar Evolution and the ILLIAC 
MARSHAL H. WRUBEL, 
Indiana University, Bloomington, Indiana 

20 

Static stellar models in which stars are con­
sidered as spheres of gas in equilibrium have 
been extensively studied during the past thirty 
years. However, the nuclear reactions which 
produce stellar energy gradually convert the 
hydrogen in a star's interior into helium, and 
the star must evolve accordingly. The present 
program being run on the ILLIAC is a descrip­
tion of the evolution of the sun by means of a 
sequence of models. Mathematically, this is a 
problem in non-linear differential equations; 
the boundary conditions determine two eigen­
values which vary with time. 

. Electronic Computing Machine Methods Applied 
to Model Stellar Atmospheres 
JEAN K. McDONALD, 
Dominion Astrophysical Observatory, 
Victoria, British Columbia 

Using the Ferranti electronic computing ma­
chine of the University of Toronto, it has been 
possible to undertake an improved method of 
constructing a model of a non-grey stellar at­
mosphere, that employing the variational meth­
od for solving the integral equation for the 
source function. The monochromatic source 
function is represented by an expansion in 
terms of the exponential integral functions. In­
tegration with respect to frequency· provides 
for dlCh value of optical depth in the atmos­
phere an equation that expresses the constancy 
of flux, the criterion of an acceptable model. 
The resulting sets of equations may be solved 
by least-squares procedure to provide an im­
proved temperature-depth distribution that may 
be expected upon repetition of the process to 
converge to a distribution that ensures a con­
stant flux. 
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In the course of this investigation tables have 
been prepared of the Planck function and the 
absorption coefficient for a pure hydrogen at­
mosphere, for 64 values of frequency in the 
range IOOA-25,000A, and of 104 values of tem­
perature in the range of 15,000oK-50,000oK. 

Some Astrophysical Problems 
Using the Los Alamos �~�l�A�N�I�A�C� 

RALPH E. WILLlAJ\,f:SO:-.l, 
University of California, Los Alamos, New Mexico 

At the present time there are three problems 
of some astrophysical interest which are making 
use of the computational facilities of the 
MANIAC. One problem, which has been prepared 
for machine computation by Dr. S. Ulam and 
Dr. John Pasta, concerns the evolution of a 
stylized cluster of stars or extragalactic nebulae 
moving under their mutual gravitational attrac­
tions. A problem which should give informa­
tion concerning the evolution of a star from 
an initial "proto-star" state has been set up by 
Dr. Arthur N. Carson. Included· in the equa­
tions are the effects of energy generation by 
gravitational contraction, by the carbon cycle, 
by the proton-proton reaction_ and, finally by 
the Salpeter reaction involving two alpha par­
ticles. A third problem of astrophysical interest 
is being prepared by Drs. Nicholas Metropolis, 
R. D. Richtmyer, and R. E. Williamson. Its 
purpose is to compute a static model for any 
main-sequence star. The model will 'include an 
accurate' equation of state, and detailed con­
sideration of opacity sources. It is hoped that a 
systematic study of the effects of varying the 
parameters of this generalized stellar model will 
shed some light on the limits of certainty with 
which we know conditions in the deep interiors 
of stars. 

22 
Some Applications of Punched-Card Techniques 
to Astrophysical Computations 
JOHN K. WILKINSON AND LAWRENCE H. ALLER, 
University of Michigan 

IBM punched-card equipment has been in 
regular use by various members of the Astron­
omy Department at the University of Michigan 
for a variety of purposes. Chebyshev Poly­
nomials have been fitted to various compli­
cated functions and the resulting formulae fed 
back into the card machines to �p�r�~�p�a�r�e� 
numerical tables of the Saha Equation, the 
Planck Function, the Partition Functions for 
the Hydrogen and Helium, etc. These tables 
have greatly facilitated the computation of 
model atmosphere and interiors. Spectrograms 
have occasionally been reduced by this method. 
Some ten thousand wavelengths in rotation­
vibration band spectra have been computed on 
card machines, thus making practical a study 
which might not have been attempted without 
automatic computation. Rosseland mean ab, 
sorption coefficients have been computed from 
the data of Keller and Meyerott for various mix­
tures and temperatures. Attempts are being 
made to program the entire problem of model 
atmosphe,res for early-type stars for punched­
card computation and for MIDAC. 

• 
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23 

The Improvement of Accuracy in Integration 
MARK LOTKIN~ 
Ballistic Research Laboratories, 
Aberdeen Proving Ground~ Maryland 

With the advent of high speed computing ma­
chines the practical aspects of accuracy in com­
putations have to be considered more carefully 
than they were in the pas~. It is from this 
combined view of both acuracy as well as econ­
omy that a computational problem of frequent 
occurrence, namely the integration of differ­
ential equations, has been studied. A scheme 
has been developed which, firstly, by utilizing 
current estimates of the local truncation error, 
together with estimates of the accumulated total 
error, aims to increase the accuracy of the re­
sults, and, secondly effects a significant economy 
in the computational labor by a continual ad­
justment of the step size employed in the in­
tegration. The application of th,is technique to 
a few critical examples serves to indicate the 
usefulness of the method. 

24 
Functional Approximation by Step and 
Polynominal Line Functions 
A. J. PERLlS, . 
Purdue University, West Lafayette~ Indzana 

Some sets of steps and polynomial line func­
tions are defined. Their use in the problem of 
interpolation and Chebyshev and Fourier a~­
proximations of functions of one and two van­
abIes is explored. T~ese sets are ~dapte~ .ex­
plicitly for use in bmary and deCImal dIgItal 
computers. Specific algoritI:ms are given ~or t~e 
representation of a (contmuous) functIOn m 
any of the above forms. The completeness and 
convergence properties of these sets are dis­
cussed. Application to ~he reJ?resentati_on ~f 
numerical solutions of dIfferentIal equatIOns IS 
shown. Several numerical examples are given. 

25 
The Application of Linear Programming to 
Commercial Transportation Problems 
E. C. YOWELL, 
Computer Research Corporation~ Hawthorne~ California 

The transportation problem generally. con­
sidered in linear programming papers IS the 
problem of transporting a commodity from m 
supply centers to n consumer~ by a single ~ode 
of transportation. In practIcal cases, several 
modes of transportation may. be available. to 
the shipper, and many additIOnal constramts 
may be in operation. This pap7~ presents 
criteria for choosing between competmg modes 
of transportat.ion. It shows ~o~ an exc~ss pro­
ductive capacity, and how lImIted loadm~ and 
unloading facilities may be incorporated mto a 
modified Simplex solution. 

26 
Reduction of Runs in a 
Multi-Parameter Computation 
HERSCHEL WEIL~ 
University of Michigan 

It is shown that the application of certain pro­
cedures developed for the design of experiments 
can be used to advantage in the programming 

X / 

- 19 -

of latge-scale computations 01 simulations, 
which may include noise, where the effects of 
several parameters are to be investigated for 
discrete values of the parameters. In particular, 
by the use of "fractional replication" the num­
ber of parameter combinations which must be 
~investigated may be very greatly reduced from 
the total number of possible combinations, 
while still permitting the important informa­
tion to be obtained. The effect of this on the 
precision of the results is examined. The pro­
cedures are illustrated by numetkal examples. 

27 
The Use of Digital Computers in 
Data Sorting Problems 
MARC SHIOWITZ, 
Computer Research Corporation~ Hawthorne~ California 

Two methods of using digital computers to sort 
random data are described. The differences be­
tween the methods are indicated, and the pro­
cedures developed 'for making time estimates of 
sorting-time under various conditions. The para­
meters which influence performance are dis­
cussed and their impor~ance is compared. A 
systematic procedure is outlined to aid the pro­
grammer in using digital computers to their 
best advantage in this application. 

28 
Sorting Numbers into .Sequence on a 
Digitl!l Computer 
WALTER SODEN ~ 
Computer Control Company, Point Mugu~ California 

29 

In general the ohvious methods for sorting num­
bers into non-increasing or non-decreasing 
sequences requires either too much storage, or 
too much time. Some routines are so complex 
that too much storage is required for the pro­
gram. A method is now available which re­
quires only storage for the numbers to be placed 
in sequence and storage for a small program. 
This method requires little more time, if any, 
than is required by any conventional method. 
The method is based on a process which does 
not formally place the number in sequence, 
but only increases t!Ie probability of the num­
bers being in sequence. A final test for sequence 
also serves to finish anything left undone by 
the main routine. 

Service Routines for UNIVAC 
STEPHEN E. WRIGHT AND PAUL ·H. ROSENTHAL, 
Remington Rand Incorporated, New York~ New York 

The Service Routines are designed to aid pro­
grammers, operators and engineers in the day­
to-day operation of UNIVAC. The routines are 

. used for the purpose of correcting, inserting, 
deleting, and inspecting information stored on 
magnetic tape. They are general purpose 
routines controlled by instructions that can be 
prepared by the programmer and inserted in 
UNIVAC in a matter of seconds. Three years of 
continuous use have proven their value. 

30 
Test Routines for the ORACLE 
C. P. HUBBARD~ 
Oak Ridge National Laboratory~ Oak Ridge~ Tennessee 
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The ORACLE test routines are desIgned 10r-one - manner, to' a large group of auxniary devices. 
or more of the following purposes: (a) to deter· The auxiliary devices can include not only 
mine whether or not the computer is operating printing, magnetic storage, converting, and 
correctly, (b) to evaluate the condition of ~e ?isplay .equipment but even full-scale com~ut-
electrostatic memory as to read around ratio mg eqUIpment (such as the SEAC). CommullIca-
and location of impurities, (c) to .be used during tion between any of these auxiliary d;vices and 
engineering adjustment of machme parameters, the DYSEAC can take place at any tIme, on a 
(d) to diagnose the cause of machine erro~s. completely unsctteduled basis, at. t.he insti~ation 
Intermittent machine errors are extremely dlf· of either the DYSEAC or the auxlhary devIce or 
ficult to find without the use of diagno~tic te~t both acting jointly. 

31 

routines. A non-diagnostic acecptance test IS 

now being used on the ORACLE. I Th!s test is a 
combination of individual tests and mcludes: a 
memory write-read test; a read around te~t; 
control counter test; vocabulary test; adder test; 
and an input-output test. 

Maintenance and Acceptance Tests 
Used on the MIDAC 
E. P. GRANEY, 
University of Michigan 

The purpose~ f~r designin~ test prograI?s are 
discussed. CrIterIa for testmg each sectIon of 
the computer are given as .well as the !esults 
obtained using tests estabhshed accordmg to 
these criteria. A history of the early phases of 
MIDAC testing is given as well as future plans for 
the development of test program. 

32 
The NAREC 
D. H.' GRIDLEY AND J. S. SEWARD, 
Naval Research Laboratory, Washington, D.C. 

The NAREC is a high-speed electronic digital 
computer which has been ?esigned to s?lve ~he 
wide variety of mathematIcal and engmeermg 
problems which arise in the scientific work of 
the Naval Research Laboratory (Washington, 
D.C.). The computer handles ~nput i.n~orma­
tion expressed to eleven deCImal d~glts or 
binary information .r~presented by a slg? an~ 
forty-four binary dIgIts. Internal ?peratlon. IS 

in the binary number system WIth. neg.atlve 
numbers being represented by theIr bmary 
complements. Information storage is provided 
by a high-speed electrostatic system of 1024 
words and by a magnetic drum system of 20~8 
words. The computer transfers numbers m 
parallel and is capable of perfor~ing sev~ral 
thousand operations per second usmg the hIgh­
speed storage. The NA~C was placed on. a com­
putational schedule III May 195~ wIth the 
magnetic drum storage. ComputatIOns a~e b~-
ing performed on a regularly scheduled basIs, 
although the entire system is not expected to 
be be completed before July 1956. 

33 
System Design of the DYSEAC 
A. L. LEINER, W. A. NoTZ, J. L. SMITH, AND A. WEINBERGER, 
National Bureau of Standards, Washington, D.C. 

The DYSEAC is a full-scale general-purpose high­
speed digital computer capable of serving as the 
central control element in a digital informa­
tion handling network. This paper describes 
several novel features that were incorporated 
into the logical design of the machine in order 
to enable it to control and respond, in a flexible 

- 20 -

34 
MIDSAC: A Digital Computer for Real Time 
Simulation and Control 
JOHN E. DETURK AND WILLIAM G. BROWN, 
University of Michigan 

MIDSAC (MIchigan Digital Special Automatic 
Computer) is a high speed digital computer de· 
signed and constructed by the University of 
Michigan, Willow Run Research Center for use 
in real time simulation and control problems. 
The computer 'is of the stored-program type 
making possible the solution of a great variety 
of computational problems. The main feature 
of the computer is a high speed series-parallel 
arithmetic unit which, together with the electro­
static storage system, enables the computer to 
execute the average p.rogram at the rate of 
14,000 instructions per second. The input-out­
put sections of the computer are more spe­
cialized than those of most general purpose 
computers. Necessary conversion equipment is 
provided for analogue inputs and outputs. The 
computer is designed to handle several inde­
pendent control problems on a time sharing 
basis. Output storage for each of these prob­
lems is provided on a magnetic drum. Special 
equipment selects the outputs from the mag­
netic drqm and sends them out in the propel; 
sequence to the corresponding control mechan­
isms. The computer is especially suited for sys­
tem control or real time simulation. 

35 
OPera~ing RAYDAC by Civil 'Service 
and by Contractor 
J. C. ALLER, 
United States Naval Air Missile Test Center, 
Point Mugu, Port Hueneme, California 

This is an account of the process of change of 
the organization used to .operate RAYDAC after 
its acceptance at Point Mugu in July 1953. The 
transition of operation from Civil Service to 
contractor with the difficulties encountered are 
discussed. The present organization consisting 
of a technical representative as a part of Civil 
Service, but with all management details in­
cluding coding and maintenance in the hands 
of a private company is unusual and an attempt 
is made in this paper to descri~e this situatio~. 
A few incidents to illustrate the effects of thIS 
method of operation of a computing center are 
presented. 

36 
Research in Language Translation on the IBM 
Type 701 Electronic Data Processing Ma~hines 
PETER SHERIDAN, 
International Business Machines Corporation, 
New York, New York 

• 
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. ASSOCIATION are made with those remaining in order to find 

This paper discusses. the main and auxiliary which acceptable solution lead~ to ~ maximum 
stored programs desIgned to effect systematIc correlation among the economIC varIables used. 
interlingual conver~ion on the 7~t calculator, Perhaps the most int~resting fe~ture .of the pro-
without any necessIty for pre-edItmg of source cedure is the detectmg and discardmg of use-
(Russian) or post-editing of target (English) less information before the output stage. It 
plain language text. Two essentially ?istinct, appears that over ninety per cent of the 40,000 
though logically in~errel~ted subroutII~es of total possibilities will be discarded. The compu-
"lexical" and "operatIOnal synt~~ comp~I.se t!le tations for this problem we~e p~rformed. o~ the 
main stored programs. The auxIlIary utIlIty m- MIDAC computer of the UnIVerSIty of MIchIgan. 
put and output subroutines to be described 
effect alphabetic conversion and reconversion 
of raw source and target language material. 
These programs have been tested with respect 
to a sample vocabulary of 250 Russian words 
(including roots and endings) and six rules of 
syntax supplied by the Institute of Languages 
and Linguistics of Georgetown University. Over 
200 Russian sentences have been translated on 
the 701. 

37 
Some Experiments in I deal Factorization 
on the MIDAC 
HARVEY COHN, 

Wayne University, Detroit, Michigan , 

38 

In algebraic number theory the problem of de­
termining ideal factorizations is rather routine 
but usually is performed on desk computers. 
One of the difficulties involved is the fact that 
the handling of data (on a group-theoretic level) 
reguires much more mental effort than the 
evaluation of forms and factorizations. Here 
two experiments were performed which should 
demonstrate some further potentialities of auto­
matic high-speed computers. The first pro?lem 
involves determining the frequency of a sIgna­
ture phenomenon involving a certain special 
type of non-unique factorization of a ~u~ic field. 
The second problem concerns a sIftmg out 
process for a s~bset, of a. set of 'primes which 
fail to occur as SImple maXImal prIme factors for 
numerical values of f(x,y). The numerical values 
of f(x,y), where f(w,I)=O is the defining equa­
tion of the field, are obtained by evaluating 
f(x,y) for integral pairs, x,y (relatively prime 
and < 2yp/9) generated by the machi~e. The 
sifting process is performed by markmg su­
perfluous bits in the cells in which a table of 
primes is stored. Certai~ interesti~g results ~re 
noted which have a bearmg on umque factOrIza­
tion as seen by the ideal structure. 

Regional Input-Output Matrices 
BRUCE EDWARDS, -

University of Illinois, Urbana, Illinois 
This problem is one of estimating input-output 
matrices of inter-industrial relationships for dif­
ferent regions of the United States. On a priori 
grounds we know that the true elements of 
these matrices must be non-negative. The esti­
mates of the elements, one row at a time, are 
computed as the solution values of six linear 
equations in six unknowns, but there seems to 
be no algebraic method of calculating statisical­
ly desirable estimates directly, subject to the 
stated side condition. The computational pro­
gram is designed to solve all possible subsystems 
of the original six-by-six system. Each sub~ystem 
eliminates an equal number of equations and 
variables. Solutions containing negative ele­
ments are discarded and further computations 
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39 
Linear Programming 
KURT EISEMANN, 
International Business 1vfachines Corporation, 
New York, New York 

A code to solve Linear Programming problems 
on the IBM 70 I is proving successful in guiding 

. the refinery operations of a leadin~ oil com­
pany. Machine ~rror~ ~r~, al!to~a~Ically ~el£­
correcting, enablmg unmterrupted operatl?TI' 
A degeneracy sub-program guarantees the elIm­
'ipation of "cycling." some. saviI?g of labor .re­
sults from a typical computmg trIck. Computmg 
economy may be achieved by the "modified" 
simplex method. A common class of ,large-scale 
problems may be partitioned into a nu~ber of 
small, easily handled sub-problems. Th~ simpl.ex 
method offers advantages in the inverSIOn of IlI­
conditioned matrices. Fixed-point methods of 
game theory may soon supercede the method of 
simplex iterations. 

40 
Transfer-Function Synthesis with 
Computer Amplifiers and Passive Networks 
MAX V. MATHEWS AND WILLIAM W. SEIFERT, 

Massachusetts Institute of Technology, 
Cambridge, Massachusetts 

41 

The study of dynamic systems on an analogue 
computer often involves the synthesis of com­
plex transfer functions. .Techniques . from t.he 
field of network synthesIs are combmed WIth 
methods used in electronic-differential-analyzer 
work to provide effective means for realizing 
these transfer functions with a minimum of 
computer equipment. ~he basic ideas .of as­
sociating high-gain amplIfiers and. phase-mvert­
ing amplifiers with resistor-c.apaCltor networ~s 
are supplied in oIder to obtam three systematIc 
methods for synthesising transfer functions of 
various degrees of complexity. Practi~al con­
siderations about the number of reqUIred. am­
plifiers, the complexity of the passive netw~rks, 
and the length of the synthesis computatIOns 
are included. The methods described are illus­
trated by an example. 

Logarithmic R.epresentations of Variables in 
DC Analog Computers 
V. L. LARROWE AND M. M. SPENCER, 

University of Michigan 
Use of DC Analog voltages to represent loga­
rithms of variables instead of variables them­
selves facilitates multiplication, division, raising 
variables to any power, and taking any root. 
Use of logarithms in thi~ manner can als? 
greatly increase computatIO~ accu~acy. A~dI­
tions and subtractions of varIables m logarIth­
mic form can be performed by using function 
generators and "addition logarithm" techniques. 
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A large-scale simulation has been performed ~ 45 
using logarithms and a method of scaling has . bl h 
been derived. Rules for comparing equipment A Magnetometer Data P~ocessrng P~o em on t e 
requirements for logarithmic representation vs. IBM Type 607 Electronrc Calculatrng Punch 
direct representation of the variables are de­
rived and discussed. 

42 
A Test,of the Murray-Miller Error, Theory 
R. H. FARRELL, G. L. WEISS, AND F. B. WRIGHT, 

University of Chicago, Chicago, Illinois 
In order to make an evaluation of the Murray­
Miller error theory for analogue computers, a 
linear differential system with constant .co­
efficients was set up in such a way as to provIde 
a model for the study of the a- and ~- errors. 
Various methods of application were con­
sidered, with emphasis on practical computa­
tion techniques. It was found that all present 
methods involve either large amounts of com­
putation equipment .or require .extremely 
laborious hand calculatIOn. For the lmear case; 
certain linear methods yield better results than 
does the so-called Murray-Miller computer, In 
the general case, the computer method may be 
more useful. 

43 
Application of Probability Techniques to the 
Study of Computer Maintenance -
W. R. ALLEN, DOROTHEA MINDEN, AND MARY WEISS, 

University of Chicago, Chicago, Illinois 
In studying the operation of a large facility 
using analog equipment, it was found desira~le 
to treat objectively the 'problems of determ~n­
ing: (I) the most effiCient number of m~m­
tenance personnel and (2) an economIcal' 
number of spare parts to be stocked. The first 
problem was treated using techniques from the 
theory of queues. The necessary constants w~re 
obtained from statistical evaluation of the mam­
tenance records of an operating facility and 
forecasts were made for the proposed facility. In 
the second problem a simple inventory .model 
was set up and easily used criteria for mini­
mizing total expected cost and expected cost 
per spare part were obtained. Tables were com­
puted for the case of Poisson distribution of 
failure. 

44 
A General Card-Program for the Evaluation of 
the Inverse Laplace Transform 
c. K. TITUS, 
Westinghouse Electric Corporation, Baltimore, Maryland 

The development of a general card-program 
which will calculate the inverse Laplace trans­
form of a rational algebraic fraction is de­
scribed. The numerator may be of any order up 
to fifteen; the denominator, any order up to 
sixteen. The roots of the denominator are re­
stricted only to the following types which coI?­
prise the vast majority of those encountered m 
enginl!ering: single and double real roots; 
single complex roots; and single, double, and 
triple roots at the origin. Ob~ained as ~nswers 
are the coefficients Df the varIOUS functIOns of 
time associated with the above listed types of 
roots. Examples of typical problems which have 
been solved by this method, and the corres­
ponding steps and time required, will be given. 
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R. B. JASPER AND ROBERT H. FISK, 

United States Hydrographic Office, 
Washington, D.C. 

Application of the new IBM Type 607 Elec­
tronic Calculating Punch to the processing of 
airborne magnetometer data is discussed. The 
machine procedure, currently producing re­
sults at the Hydrographic Office, replaces a 
laborious' table lookup and hand calculation 
operation. The principal feature of interest is 
the use of the 607, a wired program machine, 
for multiple iterative calculations on each card 
pass. The logical organization of two sets of 607 
control panels is described" The first set con­
verts to radians and computes the six decimal 
cosines of four angles, using Maclaurin's series. 
The second set uses a square root subroutine 
to compute four sines, then computes the 
arctangent of a rational combination of these 
sines and cosines. 

46 
Solving Supply Control Problelns on_ the IBM 
Card-Programmed Electronic Calculator 
A. O. RIDGWAY, 

IBM Corporation, Washington, D.C. 

Tfiis paper describes how a general purpose 
CPC control panel was used to solve problems 
of Supply Control for the Army Corps of En­
gineers. Utilizing a series of logical operations, 
ne~ requirements on central depots are calcu­
lated for all theaters of operation for eight time 
periods extending three years into the future. 
Authorized allowances, serviceable and unserv­
iceable stock, replacement, stock levels, transit 
delays, and procurement delays are considered. 
The procedure allows stock analysts the oppor­
tunity to critically review input data and the 
results of preliminary runs. Although this ap­
plication is military, every large business has 
essentially the same problem, and this scheme 
represents an efficient approach to the problem 
by means of a moderate size calculator. 

47 
Integrated Data Processing Through 
Common Language Machines 
L. W. CALKINS, 

United States Steel Corporation, Pittsburgh, Pennsylvania 
A brief description of the fundamental concepts 
of the Integrated Data Processing Program as it 
exists in the United States Steel Corporation 
and the reasons for its establishment: How data 
can be automatically recorded at the point of 
origin in the common language and per­
petuated by machines that both "read" and 
"speak" it. The relationship between common 
and native languages, including the machines 
capable of bringing about the relationship. 
How Integrating Data Processing establishes 
the base for future high-speed equipment and 
the compatability of present machines and sys­
tems with tomorrow's equipment and needs. 
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8 as major reasons for turning to such procedures. 

4 . . A description is given of the general logic of 
Automatzc Codzng, A Progress Report the class, and of the logic of each member of 
H. D. HUSKEY, the class. A procedure of self-imitative pro-
Bureau of Standards, Los Angeles, California gramming is discussed as a special case of execu-

An interpretation method of using the National tive routine technique. 
Bureau of Standards Western Automatic Com­
puter (SWAC) is described. Making use of this 
interpretative method a routine is described 
which reduces coding of algebraic expressions 
to simple typing of the formula. Methods of 
handling sub-routines to account for tran­
scendental . quantities is described. Methods of 
handling iterations and problems with complex 
logical patterns are indicated. 

49 
A General Purpose Pseudo~Code 
J. H. WEGSTEIN, 
Computation Laboratory, National Bureau of Standards, 
Washington, D.C. 

A pseudo-code for high speed digita1 computers 
is described which utilizes only fourteen classes 
of symbols. These include operation symbols~ 
algebraic characters, brackets, certain functions, 
and input-output designations. Formulas which 
occur in mathematical calculations appear in 
the pseudo-code in their usual mathematical 
form. 
By means of a translation routine, any of sev­
eral types of high speed computers can accept 
this pseudo-code and translate it into its own 
true machine code. The flow diagram and some 
details are given for the translation routine 
which converts the pseudo-code il)to a true 
machine code for the SEAC. Experimental re­
sults with the SEAC are described. 

50 
The MIT Comprehensive System of 
Service Routines 
DONN COMBELIC, 
Massachusetts Institute of Technology, 
Cambridge, Massachusetts 

51 

The MIT Digital Computer Group has de­
veloped a system which includes automatic 
logging of computer operation, semi-automatic 
post-mortems, and interpretive routines using a 
synthetic instruction code designed primarily 
for use by non-professional programmers. The 
talk will describe the overall system and how it 
has worked out in practice with respect to the 
programmer and to computer operation. Plans 
for a system modified on the basis of our ex­
perience will also be discussed briefly. 

The Programmed Synthesis of Digital Computers 
within Digital Computers 
FRANK E. HEART, 
Massachusetts Institute of Technology, 
Cambridge, Massachusetts 

The purpose of this paper is to summarize and 
discuss in a unified manner several of the pro­
gramming techniques currently used or planned 
to simplify and automatize the detailed pro­
gramming task. Subprogramming, conversion 
routines, and executive routines are discussed 
as members of a class of methods which syn­
thesize programmed digital computers "within" \ 
actual digital computers. Ease of programming, 
training, and design testing ar~ pointed out 
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52 
The Operation of a 
Digital Computation Center 
A PANEL DISCUSSION, J.. P. NASH, Chairman , 

Due to the large number of digital computation 
centers currently being organized, the subject 
of the administration and operation seems es­
pecially appropriate. More specifically, questions 
arise concerning .the following: the number of 
people necessary for operati~n of a center and 
the ratios between the numbers of analysts, pro­
grammers, engineers, and technicians; the sched­
uling of computer time and the establishing of 
priorities; programmers vs. "non-professional" 
personnel for computer operation; the use of 
automatic programming techniques or other de­
vices to reduce programming and machine time; 
the facilitation of program check-out; special 
problems in a multi-machine computing service; 
the handling of theoretical problems in nu­
merical analysis; the development of interest 
among potential machine users; and the edu­
cational aspects of machine use. The answers to 
the implied questions depend on the particular 
environment of the computer, the type of com­
puter involved, the number and types of prob­
lems arising, and, in some cases, personal 
opinions. 

53 
A Variant of Turing's Theory of 
Computing Machines 
HAO WANG, 
Burroughs Research Cent~J<. Paoli, Pennsylvania 

Turing's theory of computable functions and 
the actual construction of digital computers 
have been developed independently of each 
other. In this paper a rapprochement is at­
tempted. The differen~es in emphasis are also 
discussed. The new result of the paper is" if 
we are permitted to extend the tape more and 
more as needed, that a fairly simple machine can 
be constructed such that all partial recursive 
functions (and hence all solvable !:omputation 
problems) can be computed by it and that only 
four basic types of instruction are employed 
for the programs: shift left one space, shift 
right: one space, mark a blank space, conditional 
transfer" In particular, erasing is dispensable, 
one symbol for marking is sufficient. 

54 
On Canonical Forms for Classes of 
Equivalent Boolean Functions 
WILLIAM C. CARTER, 
Raytheon Manufacturing Company, 
Waltham, Massachusetts 

The permutation and negation transformations 
of Boolean functions of n variables determine 
equivalence classes. Each class may be imple­
mented by a single diode circuit. Each function 
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defines a unique associated r,natrix. Suitable with sufficient generality and flexibility to be 
group transformations on the function reduce applicable in a wide variety of problems. The 
the associated matrix to one of three types. The present paper discusses how this code 'was set up 
matrix type determines a series of transforma- and outlines the variety of problems in which 
dons on the Boolean function such that the similar codes are useful. 
associated matrix is reduced to a canonical 
form. The matrices corresponding to the func­
tions in an equivalence class all reduce to a 
uniquely determined canonical form. All func­
tions whose associated matrices reduce to the 
same canonical form are equivalent under the 
group. These forms may be used in place of 
minimization techniques in the construction of 
packaged electronic computers. 

55 
The Determination of Boolean Functions 
Invariant Under Certain Transformations 
ROBERT SERRELL, 
Radio Corporation of America, RCA Laboratories, 
Princeton, New Jersey 

The reversal of complementation and the in­
ter.change of the connectives "or," "and" consti­
tute two important transformations of Boolean 
(or switching) functions. It is useful to deter­
mine what functions are invariant under these 
transformations, and, also, whether given func­
tions are transforms of each other. 
A practical method of performing determina­
tions of this kind is described which involves 
any simple operations on the binary term 
indices of canonical Boolean functions. The 
method is illustrated by examples concerning 
digital computing circuits in actual use. 

56 
Algebraic Synthesis of Logical Feedback Nets 
RICHARD C. JEFFREY, 
Lincoln Laboratory, Alassachusetts Institute of Technology, 
Cambridge, Massachusetts 

Boolean algebra is extended by adding to the 
Boolean or "instantaneous" transformations 
(not, and, or, etc.) a delay transformation sym­
bolized by "b.." The behavior of digital devices 
which contain feedback or delay (e.g. flip-flops) 
is described in the extended symbolism. Logical 
networks containing feedback and delay are 
~orrelated with sets of equations. An operator 
notation is introduced and used to simplify net­
work equations. The technique is illustrated in 
the design of an accumulative binary adder 
which makes essential use of feedback and de­
lay. , 

57 
A Multiple Purpose Orthonormalizing Code 
and Its Use 
PHILIP DAVIS AND PHILIP RABINOWITZ, 
National Bureau of Standards, Washington, D.C. 

Orthonormal sets of vectors or of functions are 
very useful in matrix theory, 'statistics, ap­
proximation theory, differential and integral 
equations, boundary value problems of mathe­
matical p11ysics, and other linear problems. 
Their use in numerical analysis has been 
limited because the algebraic features of the 
orthonormalizing process are complicated. How­
ever, the availabihty of high speed computers 
has altered this situation, and orthonormal sys­
tems should become the stock-in-trade of every 
numerical analyst. A code for orthonormalizing 
a given set of vectors has been prepared for SEAC 
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58 
Routines for 
Automatic Functional Approximation 
E. KAUFFMAN AND S. WRIGHT, 
Remington Rand, Incorporated, New York, New York 

59 

Programs have been developed on UNIVAC for 
automatic computation of the polynomials 
best approximating a given function of one 
variable. Two approaches were used, both based 
on techniques developed by Lanczos, using 
Tchebyshev Polynomials. Where a good power 
series approximation is available, systematic 
economization is employed to produce poly­
nomials of sm.cessively lower degree. When 
such an approximation is not available, the 
method of Trigonometric Interpolation is em­
ployed to produce a high degree Polynomial 
approximation, which can be reduced by the 
economization procedure. These techlliques 
systematically generate all approximating poly­
nomials from the lowest degree to the highest, 
the latter determined by the criterion of 19 
digit accuracy in the approximating interval 
Auxiliary programs automatically produce error 
curves, transform variables, etc. In the field of 
continued fraction approximation, any ap­
proximant can be automatically !educed to· a 
ratio of two polynomials. In certain cases, these 
polynomials can be economized by Tchebyshev 
Polynomials, producing excellent rational ap­
proximations. A program was also developed 
for studying the behavior of the error in ap­
proximating a given function by various meth­
ods, such as power series, polynomials, con­
tinued fractions, iterations of various kinds and 
orders, etc. A comparison between various ap­
proximating methods can be made on the basis 
of the magnitude of the error as a function of 
the number of terms or number of iterations. 
In particular, the square root was intensively 
studied in this manner. 

Rational Polynominal Approximations Using 
Least-Squares Technique 
JAMES R. VINE, 
Telecomputing Corporation, Holloman AFB, New Mexico 

Due to the continued advances in the field of 
electronic computers, the-need for approxima­
tions of transcendental, trigometric, etc., and 
point set functions, which utilize only the basic 
mathematical operations of addition, subtrac­
tion, multiplication and division, has grown. 
Polynomial approximations are inadequate in 
many cases of functions for which there are 
regions of rapidly changing slopes. This paper 
gives the derivation of formulae by a least­
squares technique for the fitting of rational poly­
nomials to analytic, non-analytic and point set 
functions. Application of these formulae is 
made in the cases of an analytic function, a 
non-analytic function and for a point set. The 
general concept of the use of these formulae is 
discussed with examples given for particular 
cases. 
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Calculations of Generalized Hypergeometric Series 
SUSIE E. ATTA, 
Oak Ridge Natiol1izl Laboratory, Oak Ridge, Tennessee 

61 

Many elementary and non-elementary special 
functions are easily expressed in the generalized 
hypergeometric function notation. Using the 
standard notation, define pFq (aI' a2' .•• , ap; 

C(J 

Yl' Y2' .•. , Yq; x)=I: (a1)J ... (ap)J xL.;-
j=O 

(YI)J ' , , (yq)J j! where p denotes the number 
of numerator parameters and q denotes the 
number of denominator parameters. A simple 
program for calculating the generalized hyper­
geometric series has been written as a sub­
routine for the OR..{CLE. This program has a 
built in floating p6{nt and scaling combination 
for the parameters and argument. The input 
data consists of the p and q parameters and 
the scale factor, the argument, the number of 
p's and g's and a number based on the accuracy 
desired. The output data consists of the value 
of the series. 

The Determination of Symmetric Sheffer 
Functions by MIDAC 
NORMAN M. MARTIN AND JAMES E. BARRY, 
University of Michigan 

Utilization of digital computers has been prac­
tically restricted to the solution of problems of 
numerical analysis. It has been noted that the 
class of computabl,e problems is considerably 
larger; e.g., many problems of mathematical 
logic have recursive solutions. In order to 
demonstrate the feasibility of computer tech­
niques for many such problems, a program was 
designed to determine which of the 220 sym­
metric two-place func,tions of 4-valued logic are 
Sheffer functions. Typically, the magnitude of 
memory and time necessary to realize previous 
algorithms is prohibitively great. Through suit­
able use of computer techniques, a program has 
been devised which pr~se~ts a solution ,in ap­
proximately 25 hours of computing time on 
MIDAC. Success in obtaining a practical machine 
formulation for this problem gives promise of 
reducing many such non-numerical large-data 
problems into computable form. 

62 
Fourier Analysis of Weighted Data 
HUGO MANDLEBAUM, 
Wayne University~ DetTOit~ Michigan 

If the Fourier analysis of three-dimensional har­
monic motion deals with n data of unequal 
weight, the m "normal equations" take the fonn 

m 
I: [pajak]· Ak + [pail]=o where the [patak] 

i, k=o 
are each the sum of n products of the weights Pn 
with trigonometric functions. The required time 
is prohibitive if a large number of such analyses 
had to be carried out. The programming for 
electronic computers is carried out in three 
steps: 1) Calculation of [pata\,]; 2) Solution of 
the'm simultaneous equations for the Fourier 
coefficients Ak; 3) Harmonic synthesis of the 
components. The calculation of errors is'suit­
able for desk calculators. Convenient arrange­
ment of the involved computation ~ith internal 
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63 

checks is shown at the analysis of rotating tide 
currents. 

A Subroutine Library for 
Numerical Control Computations 
J. H. RUNYON, 
Massachusetts Irzstitute of Technology~ 
Cambridge, l\lassachusetts 

enuring the past year, a library of Whirlwind I 
subroutines for facilitating data preparation for 
the Massachusetts Institute of Technology nu­
merically controlled milling machine has been 
under development. The library is used in pro­
grams for preparing milling machine tapes for 
the generation, of plane cun'es, surfaces of revo­
lution, cones, and various kinds of more com­
plex surfaces. Functions performed by library 
subroutines include cut-spacing, cut-length selec­
tion, tool-center offset determination, feed-rate 
control, and coding of data in the form used 
by the milling machine. Operation of the sys­
tem of routines has been a technical success and 
some tentative conclusions can be drawn about 
the range of usefulness of the library and the 
cost of establishing similar libraries. I 

64 
Testing of Operational Amplifiers 
H. HAMER, 
Electronic Associates Incorporated, Long Beach, New Jersey 

This paper covers the production line tests that 
are performed on operational amplifiers. The 
test methods are described which are used to 
determine whether or not the amplifiers meet 
specifications in the following categories: open 
loop unstabilized gain; stabilizer gain; input 
current; total doc offset; and noise. Measure­
ments are made by placing the amplifier in a 
special bridge circuit composed of precision re­
sistors that .are matched for both resistance and 
reactance. 

65 
Precision Modulators and Demodulators 
CARL G. BLANYER, 
Dynamic Analysis and Control Laboratory, l\Jassachusetts 
Institute of Technolqgy, Cambridge, Massachusetts 

Great flexibility is obtained in an analogue 
computer that employs both a-c and doc com­
puting elements. Such a system, however~ in­
troduces the need for a modulator or de­
modulator whenever a change in the analogue 
quantity is required. The basic square-wave elec­
tronic switch may be used as either a modulator 
or a denominator, but the nonlinearities in the 
circuit, its limited bandwidth, and the presence 
of harmonic terms in the output limit its per­
formance. An improved form of modulator and 
demodulator is described in this paper. In this 
circuit the electronic switch is 'made substantial­
ly independent of tube characteristics by en­
closing the switching tubes in a feedback loop, 
and the effective transmission function is al­
tered to eliminate major harmonic or ripple 
terms by summing the outputs of fundamental­
frequency and harmonic-frequency switches. Re­
maining harmonic or ripple terms are reduced 
by appropriate filtering. Compensating net­
works are used at the input of the m'odulator 
or demodulator to minimize the delay caused 
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by the filtering. An experimental modulator for ti~l!- of airpl~ne Hig~'t in c~nnection with a 
use in a 400-cps system has 0.1 per cent linearity, dIgItal operatIOnal HIght tramer. 
0.25 per cent harmonic distortion, and IOO-cps 69 
bandwidth. Stability of Partial Difference Systems 

ROBERT D. RICHTMYER, 
66 

Curve Fitting aNon-Linear Transfer Function 
on a Padded, Tapped Potentiometer 
CHARLES E. MARTIN, 
Bell Aircraft Corporation, Buffalo, New York 

This paper presents a new method for adjusting 
the padding r<;sistors on a .tapped, padded func­
tion generatmg potentIometer. A padded 
tapped potentiometer can, be used in an analog 
computer to form 3l ~ulti-segment, br.oken 
straight line apprOXImatIOn for a non-Imear 
transfer function. The method employs a con­
stant current generator as an aid to setting the 
padding resistors easily, quickly, and accurately. 
TlJis paper also shows how an accurate (±0.5% 
or better), directly calibrated, constant current 
generator using two (~) D. C._ ~nalog computer 
amplifiers and employmg posItIve feedback can 
be set. up for use in this method. 

67 
Development of aNew Large Scale 
Three-Dimensional Simulator 
A. W. VANCE, 
RCA Laboratories, Princeton, New Jersey 

RCA Laboratories is developing at the present 
time another large-scale analog si~ulator for 
Wright Air Development Center m Dayto~, 
Ohio. This new computer, called the DynamIC 
Systems Synthesizer, is qui.te different from 
Project Typhoon computer m several r~spects. 
The instrument is to be an all-electromc com­
puter, and thereby eliminate as much as pos­
sible all limitations as to time scale. Program­
ming of the computer will be done with a new 
punched card technique, and set-up time of 
the computer will be reduced to a matter of 
minutes. Patch-cord connections will be elim­
inated-entirely, and will be replaced by a new 
crossbar system. It is hoped that. these changes 
will result in a simulator that IS easy to use, 
fast to trouble-shoot, and more reliable in use 
than existing electro-mechanical computers. 

68 
Digital Computers for Real-Time Simulation 
MORRIS RUBIN OFF, 
Moore School of Electrical Engineering? University of 
Pennsylvania, Philadelphia, Pennsylvanza 

Since digital computers can solve certain sys­
tems of equations faster than analog computers, 
the question arises whether a digital computer 
can be used for real-time simulation. The ad­
vantages of. a digital simu~ator a!e its flexibility 
in transferrmg from one sI.mulat.IOn to a secon~, 
i.e., its universal applicatIOn WIthout mecham­
cal alteration, its greater precision and accuracy,. 
and its stability to simulate high frequency sys­
tems. The feasibility of digital simulation de­
pends upon the spee.d permitted ?y numerical 
computational techmques, the eXIstence of an 
ultra-high-speed digital computer, and very fast 
encoding and decoding equipment. ~he (>ap~~ 
discusses these problems and descrIbes. tneIr 
solution in a particular case, namely the simula-
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New York University, New York, New York 
For numerical solut~on of partial differential 
equations of initial-value or mixed initial- and 
boundary-value problems, a crucial question is 
that of the stability of the corresponding finite­
difference equations. A theorem of Peter Lax 
will be discussed, which shows that for linear 
systems, if certain reasonable assumptions and 
definitions are made, stability is necessary and 
sufficient for convergence to the true solution 
as the mesh used in the numerical calculation 
is made finer and finer. A few examples will be 
given. 

70 
Implicit vs. Explicit Recurrence Formulas for the 
Linear Diffusion Equation 
STEPHEN H. CRANDALL, 

Massachusetts Institute of Technology, 
Cambridge, Massachusetts 

71 

Two implicit recurrence formulas are compared 
with the usual explicit recurrence formula for 
numerically integrating the diffusion equation. 
All three formulas have the same order trunca­
tion error in x. Paradoxical results in which ac­
curacy of approximation is uncorrelated with 
computation time are presented. The whole 
question of stability and optimum mesh-ratio is 
then illustrated by an engineering study of the 
exact solutions to the continuous and finite dif­
ference systems carried out for a variety of 
boundary conditions. It appears that in certain 
special situations an implicit treatment can be 
vastly superior to an explicit treatment. 

A Numerical Solution Method for Elliptic Type 
Partial Differential Equations 

.LYLE R. LANGDON, 

Wayne University, Detroit, Michigan 
Many physical problems involve the solution 
of the Laplace or Poisson equations. This paper 
presents a new method of solving partial dif­
ferential equations, particularly of this type. 
Any function may be approximated by f (x,y)= 
h,k=n 
1: Ahk fhk where the fhk are the values of the 

h,k=o 
function on the boundary and the Ahk are to be 
determined such that f (x,y) is the solution 
of the particular differential equation and 
f (xl' YJ)=flJ' The tabulation of these Ahk for 
square or circular regions permits the evaluation 
of any interior function point in a matter of 
minutes by means of a desk calculator. Irregular 
regions require the use of a digit;ir ('omputer 
since the Ahk will be diflerent for different typcs 
of boundaries. / 

72 
On Computation of Subsonic Flow Patterns 
Around Profiles 
STEFAN BERGMAN, 

Stanford University, Stanford, California 
In Proccedings of the First Congress of Applied 
Mechanics (1951), p. 705, the author derived as 
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a counterpart of the Schwarz-Christoffel for- the 3-characteristics calculation is reduced to a 
mula an expression for the stream function \jJ 2-characteristics calculation. The truncation er-
of a flow of compressible fluids in a domain ror is sewnd-order in the mesh-widths, and,may 
bounded by segments of straight lines and por- be further reduced by "extrapolating" solutions 
tions of free boundaries. This formula con- at different mesh-widths. 
verges absolutely for I e I <::: 3 l I A I, where A In recent turbulence theory, one is interested 
is a function of the Mach number M, and e is in the change of a statistical ensemble subjected 
the angle which the velocity vector forms with to a non-linear differential operator; it is sug-
positive direction. In the complementary part gested that thi~ problem might be tackled using 
of subsonic regions the formula is evaluated modern samplmg procedures (Monte Carlo) in 
by a summation method. The author discusses connections with analog or display computers. 
some aspect of the computational part in evalu- He~e Burgers' p.artial differential equation 
ation of this formula. See also the abstract by (tll1~d-order, non-Imear, ~ery small leading co-
A. "Vasel. e!fiClent) f.or th~ change m the velocity correla­

tlOn-functlOn IS solved by non-probabilistic 
73 methods, in a manner easily mechanized. 

Punched-Card Machines zn the Determination of 
Subsonic Flow Patterns 

76 
Recent Advances in Coincident-Current 
Magnetic Memory Techniques A. D. WASEL, 

/ 

University of Santa Clara, Santa Clara, California 
In cont.inuati.on of the previous paper, the 
author mvestIgates methods for evaluation of 
Bergman's formula for the determination of 
compressible fluid flow patterns bounded by 
segments of straight lines and portions of free 
boundary. He describes: 1. the construction of 
a set of particular solutions of the equation 
satisfied by the stream function \jJ, 2. the artho­
normalization of these solutions with respect to 
the boundary, 3. the determination of certain 
singular solutions of the above equation, 4. the 
transiti0!1 from the pseudo-logarithmic plane to 
the physIcal. The role of punched-card machines 
in carrying out these operations is discussed 
with emphasis on 2. wherein arises the evalua-
tion of certain line-integrals. 

74 
ORDVAC Solutions o(the Dirichlet Problem 
DA~ID r1. YOUNG, JR., 
Ulllverszty of Maryland, College Park, Maryland 

A prog~am for the ORDV ~c has been prepared 
whIch IS capable of solvmg the 5-po,int or 9-
p~il!t difference equation analog of the 
DIrIchlet problem for any subset of the family 
of net poin'ts (mh, nh), m, n=O, 1, 2, ... , 
20, (h > 0). The boundary values and the type 
of difference equation to be used, as well as the 
iterative procedure, are read into the machine 
i~ a separate tape. In addition to affording an 
effective means of solving a large class of prob­
lems, the program has been used to study con­
vergence rates of iterative methods and the 
accuracy of difference equation solutions as 
solutions of the corresponding Dirichlet prob­
lems. Numerical results are compared with 
theoretical predictions. 

75 
Numerical Solution of Certain Non-Linear 
Partial Differential Equations 
MORTON A. HYMAN, 
Westinghouse ~lectric Corporation, Pittsburgh, Pennsylvania 

The method of characteristics for certain "3-
c?aracteristics': pr?ble~s is mechanized; par­
tIcular attentlOn IS given to computation of 
supersonic flow, with strong shock-waves, past 
bodies of revolution. New variables are intro­
duced which simplify considerably the calcula­
t!on formulas, saving coding and computing 
tIme as well as memory. By a simple device, 
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RAYMOND STUART-WILLIAMS, MILTON ROSENBERG, AND 
M. A. ALEXANDER, 
International Telemeter Corporation, 
Los Angeles, California 

The superiority of coincident-current magnetic 
memory planes to magnetic drums as a means 
for erasable storage of display information has 
been apparent for some time. Freedom from 
mechanical difficulties, indefinite life, rapid 
rand?m acc~~s without the requirement for cir­
c~latmg regl&t~rs, :edl;1ced complexity in asso­
cIated electromc CIrcUIts, and other important 
advantages all favor magnetic memory planes. 
Ho~ever, until very recently the cost of mag­
netIc memory planes has been so high, as com­
pared with magnetic drums, that coincident­
curren,t magnetic storage has not been used for 
stores larger than a few tens of thousands of 
bits. Recent advances at Telemeter in the meth­
ods. of constructing, testing, and operating mag­
netIc memory planes have so far reduced their 
cost that stores containing a few millions of 
bits can compete with drums in cost, while con­
tinuing to enjoy the overwhelming technical 
superiority referred to above. These techniques 
are described. 

77 
Magnetic Drum Digital Storage Using 
In-Contact Recording 
HARRISON W. FULLER, MURRAY E. HALE, PAUL A. HUSMAN, 
AND ROBERT C. KELLNER, 
Laboratory for Electronics, Incorporated, 
Boston, Massachusetts 

A high density, medium access time magnetic 
drum memory is described using recording and 
reading heads that run in contact with the re­
cording medium. Special problems associated 
with in-contact operation and their solutions 
a;e discussed. A comparison is made by per­
tment performance criteria between in-contact 
and conventional non-contact drum recording, 
an.d c~mclusions ar.e re~ched regarding the ap __ 
phcatlOns for whIch In-contact operation is 
most suitable. Improved methods of mag­
netically recording and reading digital informa­
tion are described. 

78 
Transistor Switching Circuitry for 
High-SPeed Digital Computers 
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EDMUND U. COHLER, 
Lincoln Laboratory, Massachusetts Institute of Technology, 
Cambridge, IHassachusetts 

79 

Transistors which are to be used for high-speed 
applications are necessarily low-power devices. 
As a consequence, certain advantages and dis­
advantages accrue. Lower power systems are 
possible, but problems arise in integration with I 

high-power devices, in transmission of pulses 
over long distances, in sensitivity to noise, and 
in providing doc voltages. The transistors do 
seem to offer advantages in space saving and 
possible extra reliability, while the present costs 
are not very much more than equivalent vacuum 
tubes. The speed of transistor devices is ever 
increasing and at present approaches that of 
vacuum tubes. The research was supported 
jointly by the Army, Navy, and Air Force under 
contract with the Massachusetts Institute of 
Technology. 

Magnetic Core Applications in 
Data Handling Systems 
H. RUBINSTEIN AND R. C. KELNER, 

-Laboratory for Electronics, hlcorporated, 
Boston, Massachusetts 

Several novel uses of magnetic cores which 
possess rectangular hysteresis loops are dis­
cussed. These applications permit considerable 
simplification in logic;tl design of certain func­
tions that occur in most data handling systems. 
Included in the components to be discussed are 
single line, single winding shift registers, single 
line shift registers with non-destructive readout, 
and synchronizers. 

80 
FLAC Aids to Coding and Problem Running 
RUDY KONIG, 
RCA Data Reduction Group, Patrick AFB, Florida 

81 

A brief explanation of the floating address tech­
nique as embodied in the Florida Automatic 
Computer is given. Examples illustrating how 
this technique can be useful in producing 
routines which are simpler, more economical in 
memory space, and better suited to the efficient 
handling of large quantities of experimental 
data are cited. Other features pertaining to 
the latter problem are considered, such as the 
role of multiple high speed input ~nits in the 
preparation and selection of useful data, the 
use of permanent break points as a quick means 
of isolating errors in data, and the provisions 
that have been made for handling the problem 
of data format. 

A utomatic Floating Decimal Operation 
ROBERT GOLDMAN AND MORSE MINKOW, 
Electronic Computer Division, Underwood Corporation, 
Long Island City, New York 

When a computer is used extensively for matrix 
computations, or is used under conditions where 
a variety of persons inexperienced in program­
ming must prepare problems, floating decimal 
operation becomes practically essential. If it 
can be ·made automatic, rather than, pro­
gram~med, a very substantial saving in operating 
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tune can result. This paper describes the 
manner in which automatic floating decimal 
operation has been provided as an optional fea­
ture of the ELECOM 120. Coefficient and ex­
ponent, having six and two digits respectively, 
are combined in pne word. The operations in­
clude automatic normalization and special pro­
visions for handling results which become either 
too large or too small. 

82 
New Developments in Small Decimal Computers 
ROBERT F. SHAW AND ALBERT A. AUERBACH, 
Electronic Computer Division, Underwood Corpomtion 
Long Island Cil)'} New York ' 

A low-cost alpl~a.numeric decimal computer with 
unusual flexibIlity, the ELECOM 120, is now in 
production, with several systems in current 
operation. Among u~ique features i.s its ability 
to accept wor?s. of mput d~ta havmg varying 
numbers of digits, and a lughly versatile two­
address code. The code has several new features 
designed to facilitate modification, restoration, 
and control operations in the program, leading 
to substantial savings in memory space. The 
code also simplifies editing of output data and 
programming of floating decimal operating. 
Manu~l co~trols !lave been chosen to .simplify 
ope.ratlOn, mcludmg program debugging. The 
baSIC comp.uter has been designed to accom- \ 
modate optIonal extra features such as increased 
memory capacity and automatic floating decimal 
operatIOn. -

83 
Automatic Internal Diagnosis 
W. H. BURKHART} 
Monroe Calculating Machine Company, 
Morris Plains} New Jersey 

Ideally, electronic -;ystems would be self-repair­
ing, that is, circuit malfunctions would be de­
tected" and corrected automatically. The prob­
lem of self-repair is examined for both linear 
and feedback systems, and it is shown that, ex­
cept for physical replacement of defective parts, 
automatic maintenance can be realized. Various 
means for accomplishing self-repair are ex­
plored; one system is of particular interest be­
cause it can be conveniently attached to exist­
ing electronic equipment. 

84 
Analog Study of Electron Trajectories 
B. LOGAN .. G. R. WELTI} G. C. SPONSLER} , 
Massachusetts Institute of Technology .. 
Cambridge} Massachusetts 

Standard analogue computing components have 
been employed, together with an electrolytic 
tank, to study electron ballistics in a three­
dimensional electrostatic field having r'Jtational 
symmetry. A probe in the electrolyte was moved 
automatically along electron tra jectori~s which 
were computed continuously by integration of 
the potential gradient measured by the probe. 
Problems in achieving stable performance of 
the probe ap.d in eliminating distortion of the 
field by the probe were encountered. Procedures 
were developed for obtaining accurate calibra­
tion of the complete system by means' of a 
special tank representing a central-force field. 
In addition to generating electron trajectories, 
the equipment was used for automatically 
mapping electrostatic fields. 

(continued on page 33) 
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TYPE 
NO 

K402390 
K402350 
K402300 
K402370 
K101600·6 
KIOl660 
K101650-5 
K402150 
K101720 
K402470 
K4023S0 
K402560.1 
K40255'O·1 
KIOl7S0 
K402550·2 
K402600 
I13EIY 
113EIYI 

TYPE 
NO. 

KIOl570 
KIOl550 
I01B2A 

!OJB2AI 
-;01 B2J 

10582A 
105H2A 
105G2A 
KIOl4S0 
KIOl420 
KIOl400 
KIOl350 
106M2A 
IOSBI8 
IOSB2A 
10SHIA 
IOSG2A 
IOSH2B 
109M2A 
112AIB 
113H28 
113G2A 
II 3F2B 
II 382B 
113FIA 
11381A 
113GIB 
113HIA 
121FIA 
121GIA 
121F2B 
121G28 
121F2C 

• 400 and 60 cycle Servo Motors. 
High torque to inertia servos 

~. are available as small as a 
penny and up to Size 23. 

g~JII\j1( Torques of 0.1 in. - oz. to 7.5 
in. - oz. 

TWO PHASE SERVO MOTORS 

MIN. POWER 
GOVT. TORQUE NO LOAD PHASE NO RATED VOLTAGE EXCITATION 
DESIG. FRAME AT STALL SPEED AT STALL OF FIXED CONTROL PHASE 

NATION SIZE FREQUENCY liN OZ. I 'MIN I ,WATTS I POLES PHASE SERIES PARALLEL 

10 400 .3 6500 3.1 6 26 26 (I) 
10 400 .13 9S00 3 4 IS IS (I) 

MK 14 MOD2 11 400 .60 6200 3.5 6 IJ5 115 57.5 
MK 14MOD3 14 400 .63 6200 4.6 6 115 ISO 90 
MK 7MODO 15 400 1.45 4S00 6.1 S \15 \15 57.5 
MK 7 MOD I 15 400 1.45 4S00 6.1 S \15 \15 57.5 
MK 7 MOD2 15 400 1.45 4S00 6.1 S \15 230 \15 

15 400 1.3 6200 6.1 6 \15 26*(1) 
15 400 1.4 5000 7 \15 115 S7.5 
15 60 1.3 1600 6.1 4 24 24*(11 
15 60 1.45 3200 6.1 2 115 115 57.5 

MK SMOD2 IS 400 2.35 4S00 9.2/9.5 S 115 2S2 141 
MK SMODO IS 400 2.35 4S00 9.1 S 115 115 57.5 

IS 400 1.4 9800 9/S 4 115 115*(11 
MK SMOD I IS 400 2.35 4S00 9.1 S 115 lIS 57.5 

IS 400 I.S 9S00 IS/S 4 115 115 57.5 
23 60 7 3300 16 2 115 115 57.5 
23 60 7 3300 16 2 lIS 230 115 

.,,) Control phase having only one winding. 

(I J Also for lIS or 230 operation on control phase. 

*Denominator refers to control phase excitation. 

t 
GOVT. 
DESIG. FRAME 

NATION SIZE 

10 
10 

IICX4a II 
IICX4a.26V II 

II 
15CX4a IS 
15CDX4a 15 
15TDX4a 15 

15 
15 
15 
15 

16CXB4A 16 
ISCX6A IS 
ISCX4A IS 
ISCDX6 IS 
ISTDX4a IS 
ISCDX4a IS 
19CX84a 19 
IHG ** I 
23CDX4a 23 
23TDX4a 23 
23TX4a 23 
23CX4a 23 
23TX6a 23 
23CX6a 23 
23TDX6a 23 
23CDX6a 23 
3lTX6 31 
3lTDX6 31 
3lTX4a 31 
3lTDX4 31 
3lTX4C 31 

Synchro Transmitters for use in position indicating 
(torque) systems and data transmission (control) 
systems. 60 and 400 cycle models, and sizes from 
10 to 37 are available. Electrical accuracies of 7 
min. in standard units. 

SYNCHRO TRANSMITTERS 
VOLTAGE ELECTRICAL 
RATING ACCURACY 

FREQUENCY FUNCTION ,VACI MAX. ERROR 

400 Control Differential Transm. lI.S/10.5 30' SPD. 
400 Control Transm. 26/II.S 24' SPD. 
400 Control Transm. 115/90 +7' 
~OO Control Transm. 26/II.S +7' 
400 Control Transm. 26/II.S 20' SPD. 
400 Control Transm. 115/90 +12' 
400 Control Differential Transm. 90/90 +10' 
400 Torque Differential Transm. 90/90 +10' 
400 Torque Differential Transm. II.S/Il.S 20' SPD. 
400 Torque Transm. 26/11.8 20' SPD. 
400 Torque Transm. 26/II.S 20' SPD. 
400 Control Differential Transm. I I.S/1 I.S 20' SPD. 
400 Control Transm. 115/90 +12' 

60 Control Transm. 115/90 +S' 
400 Control T ransm. II 5/90 ±S· 
60 Control Differential Transm. 90/90 +10' 

400 Torque Differential Transm. 90/90 +10' 
400 Control Differential Transm. 90/90 +S' 
400 Control Transm. 115/90 +S' 
60 Torque Transm. 115/90 +IS' 

400 Control Differential Transm. 90/90 +S' 
400 Torque Differential Transm. 90/90 +S' 
400 Torque Transm. 115/90 +S' 
400 Control Transm. 115/90 +S' 

60 Torque Transm. 115/90 +S' 
60 Control Transm. 115/90 +S' 
60 Torque Differential Transm. 90/90 +S' 
60 Control Differential Transm. 90/90 +S' 
60 Torque Transm. II 5/90 +S' 
60 Torque Djfferential T ransm. 90/90 ±S' 

400 Torgue Differential Transm. II 5/90 ±S' 
400 Torque Differential Transm. 90/90 ±S' 
400 Torque Transm. II 5/90 ±S· 

**Diameter same as size 23 units 

Frame size indicates approximate diameter in tenths of inches 

Write for additional copies of this bulletin No. 355 for your catalog files. 

Synchro Receiv 
den-K!3tay syncl 
in posiiion indic 
des of ,one degr 
able ini 60 and l 

sizes frbm 10 to 

~------------------------------------------
~-----------------------------------------

SYNCHRO RECEI' 
GOVT. 

1JeiE ~WlgN FM~E FREQUENCY 

KIOl540 10 400 Torque 
105C2A 15TR4a 15 400 Torque 
KIOl430 15 400 Torque 
106K2A 16TRB4 16 400 ~ Torque 
108CIC ISTR6a IS 60 Torque 

~1~0~SC~2~B~--~I~ST~R~4~a------~I~S--------~4~00~---~ Torque 

109K2A 19TRB4a 19 400 ~ 
lI2AIC IF **1 60 Torque 
113C2A 23TR4a 23 400 • Torque 

:~~g_:A_B _____ ~~~~~~~:~a~ ______ ~~~~ ______ ~:~~ ______ ~~:~~~:~~: 
12JJIA 31TDR6 31 60 Torque, 
12JJIC 3JTDR6S1 31 60 ~ 
121C2B 3JTR4a 31 400 Torque, 
12JJ28 3JTDR4 31 400 Torque I 
121C2C 3JTR4C 31 400 Torque I 

TYPE 
NO. 

011940 
Ell 590 
E11600 

GOVT. 

*( I J 3ITDR6SI-Pigtall-Unit, 

Norden-Reta 
a~e available i 
frames. ThrE 
phase, 4 pole; 
models for 60 
available. 

INDUCTION MOTC 

DESIG. FRAME 
NATION SIZE 

IS 
IG.60 20 
IF.60 **1 

FREQUENCY 

60 
60 
60 

DUT~' 

CorltinLous 
Intermittent 
Intermiitent 

Norden-Ketay offers pre~ise t 

cycle excitation. Units with iii 
duction quantities. Zero spee, 

phase, 5 millivolts quadrature, 

Norden-Ketay also offers serve 

with or without integrally moul 

bient requirements, these unit 

Special requirements and adaJ 

~--------------------------------------------

KETAY 
TYPE 
NO. 

(1) 105P2C 
(21105P2D 

-(11 105P2CI 
(21105P2DI 
(3) IOSP2A 
(4) IOSP2G 

MOTOR DRIVEN, TAC~METER 
*For motor characteristics applicable to thtlse .nitS, see cc 

, • ~ULL 
GOVT. POWER OUTPUT' f VOLTS 
DESIG. INPUT VOLTS. I (@ 0 RPM. 

NATION 'WATTS I (@ 1000 R P.M. jfUND MAX 

5.4 3.2 R.M.S. ~ 
5.4 3.2 R.M.S. ~ 

~~ :~ ~gg ~~--,~!!:::~---:~;.e:~~~:':;:~7':~~:,----",::-=,~~o-::~ 
MK 16 MOD 0 5.4 3.2 R.M.S. ~ 
MK 16 MOD 2 5.4 3.2 R.M.S. ,OOS 

L-______________________________________ _ 

·111 

Norden-Ketay pancake synchrc 

0.5 in. or less, are available for 

is essential, as in gyro pickoff 
formers, and resolver models a 

PANCAKE SYNCHRI 

KETAY INPUT II 
TYPE NO. FUNCTION VO~TAGE CL 

B·14335 CX4 Synchro Control Transmitter 26 V, 400 CPS 15! 
~B~.1~4~33~6~C~T~4~--~Sy~n~ch~r~o~C~o~nt~ro~,~T~ra~n~sf~or~m~e-r---:2~6~V+,~40~OCPS-----Se 

~B':C.I~4:.:.33~5~.I~C::::X~4~-~Syt!Cn~ch~r~o~C~o::cnt~ro:::.I.:.:T r~a::!cns:::m~it:.:.:te::.!.r __ _.:...ll~5~V+ • .,;:40o-:0:-;C~ 
0-1371S Synchro, Resolver 40 V, 900 CPS-----

L-__________________________________________ __ 



chro Receivers are used with Nor­
.Ketay synchro torque transmitters 
osition indicating systems. Accura-
of :one degree or better are avail­

~ in! 60 and 400 cycle units, and in 
s frbm 10 to 37. 

:HRO RECEIVERS 

IUENCY FUNCTION 
)0 Torque Receiver 
)0 Torque Receiver 
)0 Torque Receiver 

DbOO _! Torque Receiver 
_. Torque Receiver 

DO Torque Receiver 
0-0--- Torque Receiver 
bO T drque Receiver 
0-0---, Torque Receiver 
-60-- t Torque Receiver 
60 T C)rque Receiver 
60 Torque Differential Receiver 
60 T qrque Differential Receiver 
00 T arque Receiver 
00 Torque Differential Receiver 
00 Torque Receiver 

l-Pigfclil Unit, Sensitivity 10' 

VOLTAGE 
RATING 
(VACI 

26/11.8 
115/90 
26/11.8 

115/90 
115/90 
115/90 
115/90 
115/90 
115/90 
115/90 
115/90 
90/90 
90/90 

115/90 
90/90 

115/90 

Norden-:Ketay Induction Motors 
are available in sizes 18, 20, and 23 
frames. Three phase, 2 pole; 2 
phase, 4 pole; and 3 phase, 2 pole 
models for 60 cycle operations are 
available. 

RECEIVER 
ERROR 

(MAXIMUMI 

±1.00 
±1.00 
-+-1.0' 
±1.0' 
±1.0' 
-+-1.0' 
±1.5' 
-+-1.0° 
±1.00 
±1.00 
±1.00 

(1) 
±0.8° 
±0.8° 
±0.8° 

----~-------------------------------------------, -------.. ----------------------------~ 
UCTION MOTORS 

MINIMUM MINIMUM 
OPERATING NO LOAD STALL TORQUE 

OUT" VOLTAGE SPEED (RPMI 10Z. IN I 
--c;;;;t;;.ous 3 Phase 115 V. 3300 3 

Intermittent 2 Phase 115/4:..:0 ___ -:1""5~0~0----_.2T . .:...7--
Intermil-:-te'--n'-t ---;3"Phase 115 V. 3400 ·16 

offers pre~ise tachometer generators for 60 and 400 
In. Units with Iinecrity of 0.1 % are available in pro­
ities. Zero speed voltages are held to 5 millivolts in 
'olts quadfature, and 15 millivolts third harmonic. 

also offers servo motor driven tachometer generators 
t integrally mounted gear trains. Built for extreme am­
nents , these units assure dependability and long life. 
ements and adaptations can generally be supplied. 

--------------------------------.------~ 

I, TACI-t\"?METER-GENERATORS 
)Ie to these .niH, see corresponding motors as indicated. 

OUTPUT! 
VOLTS • 

1000 RPM 
2 R.M.S. 
2 R.M.S. 
2 R.M.S. 
2 R.M.S. 
2 R.M.S. 
2 R.M.S. 

- ~ULL LINEARITY MAXIMUM 
I ( .(@ VoO~T~M. 1~%m~gT SPCIWE:~R 
JFUND. MAX (@ 1000 R P.M I OUTPUT 

.025 -+-1 '/. 4500 
.025 + 1 i'. 4500 
.008 + 1 '/. 4500 
.008 + 1 % 4500 
.008 + 1 i'. 4500 
,008 ± 1 i'. 45~0 

ROTOR 
MOMENT 

OF 
INERTIA 

5.26 GM.CM.' 
5.26 GM.CM.' 
5.26 GM.CM.2 
5.26 GM.CM.' 
5.73 GM.CM.2 
5.73 GM.CM.' 

.'11 KIOlbOO·b 12\ KIOlbbO (31 K4025bG.I 141 K402550·1 

, pancake synchros, with maximum thickness as little as 
are available for applications where minimum thickness 

IS in gyro pickoffs. Control transmitters, control trans· 
resolver models are available. 

NCAKE SYNCHRO 
INPUT INPUT INPUT OUTPUT ANGULAR 

VOnAG~ CURRENT POWER VOLTAGE ACCURACY 
26 V,400CPS 155 Ma. 2.1W. 11.8V. ±20' 
26 V, 100 CPS 80 Ma. LOW. 11.8 V. ±20' 

0.4 V./Deg. 
115 V, 400 CPS 80 Ma. 5.1W. 90V. ±20' 
40 V, 900 CPS 6 Ma. 40V. ±.20i'. 

(l) 
(2) 
(3) 

Used with Norden-Ketay synchro control transmitters in closed 
cycle servo systems, Norden-Ketay synchro control transformers 
develop a voltage gradient of one volt per degree of system error. 
They are available with null voltages as low as 60 millivolts total 
and 30 millivolts fundamental and with accuracies as great as 6 min. 
in standard models which match Norden-Ketay synchro control 
transmitters. 

SYNCHRO CONTROL TRANSFORMERS 
GOVT. ELECTRICAL 
DESIG· FRAME VOLTAGE TYPE ACCURACY 

NATION SIZE FREQUENCY RATING NO. MAX ERROR 
10 400 26/11.8 
10 400 12/11.8 ---~:~:~~~~------------~------7~--~~~---------2~3~~:~~~~~~: 
11 400 11.8/0.4 V. per deg. 101A2K 20' SPD. 

l1CT4a 11 400 90/1 V. per deg. 101A2S -+-7' 
15CT4a 15 400 90/1 V. per deg. 

15 400 26/11.8 Kl01300 20' SPD. 
15 400 11.8/22 Kl01750 15' SPD. 
15 400 10.2/26 Kl01300·20 17' SPD. 

16CT84a 16 400 90/1 V. per deg. 106L2A -+-10' 
(1) K402100 

108A1A 
108A2B 
109L2A 
109L1B 
112A1A 
113A2B 
113A1A 

GOVT. 
TYPE DESIG-
NO. NATION 

(1) Kl01590 
Kl01580·S 
101D2A 
101D2C 
105D2C 15RS4L 
Kl01450 
Kl01340 

(21105D2A2 

17 400 13.4/10 V. per deg. 
18CT6a 18 60 90/1 V. per deg. 
18CT4a 18 400 90/1 V. per deg. 
19CTB4a 19 400 90/1 V. per deg. 
19CTB6a 19 60 90/1 V. per deg. 
1 HCT **1 60 90/1 V. per deg. 
23CT4a 23 400 90/1 V. per deg. 
23CT6a 23 60 90/1 V. perdeg. 

II) Linea, Synch,a 

(I) High Impedance unit 
(2) Linear synchro 
(3) When used as conirol transmitter 26/11.8 VAC 

• 111.11 
I,ll' 

FRAME 

Norden-Ketay Resolvers ... from 
Coarse ± 0.2 % to Precision 
± 0.05 % ... for use in computers, 
radar sweep circuits, phase shift­
ers, and accurate data transmis­
sion systems. 

SYNCHRO RESOLVERS 
TOTAL NULL 

VOLTAGE MAX. INPUT VOLTAGE 
AT TEST TEST IMPEDANCE RATING 

±8' 
±8' 
+8' 
+8' 

+18' 
+6' 
+6' 

ANGULAR 
DISTANCE MAXIMUM 
BETWEEN ANGULAR 

SIZE FREQUENCY VOLTAGE VOLTAGE OHMS (VACI NULL VOLTAGE ACCURACY 
10 400 200 MV 26/12 2380/67.7° 26/11.8 90°-+-5' 30' SPD. 
10 400 50 MV 26 560/62° 26/11.8 30' SPD. 
11 400 60 MV 26 1510/71 ° 26/22 900±15' ±10' 
11 400 60 MV 26 440/76° 26/11.8 900±15' ±10' 
15 400 25 MV 26 585/81 ° 26/11.8 900±10' 20' SPD. 
15 400 50 MV 26 2000/72.5° 26/18 90°-+-10' 40' SPD. 
15 400 50 MV 26/12 465/61.3° 26/11.6 900±5' 20' SPD. 
15 400 10 MV 10 3280/82.1 ° 90/90 90°+5' +0.1% 

(21105D2Kl MK4 MOD 0 15 400 15 MV 15 890/78° 26/26 900±5' ±0.1% 
(21105D2K2 15 400 15 MV 15 890/78° 26/26 900±5' ±O.IS% 
(21105D2K3 15 400 23 MV 15 890/78° 26/26 90°+5' +0.20% 
(21105D8D 15 1000 (Test1 30 MY 24 (4124.6 mho 0·30 90°-+-5' -+-0.2% 

105D2Z 15 " 400 40 MV 26 950/82" 26/26 90°+20' +20' 
105D9E 15 500 75 MV 50 15,000 (T uned1 50/50 90°+5' +0.15% 
113Dl F 23RS6A 23 60 30 MV 24 570/79° 45/45 90°+5' +.2% 
113D2G 23RS4A 23 400 60 MV 60 234/83° 90/90 90°+5' +.2i'. 
113D1D 23RS6 23 60 60 MV 60 585/61 ° 90/90 90°+5' +.2i'. 
113D2E 23RS4 23 400 60 MV 60 720/80° 90/90 90°+5' +.2% 
113D3T1 23 400 16 MV 8 975/86° @ 10V 8/16 90°+5' +8' 
113D3T2 23 400 20 MV 8 975/86' @ 10V 8/16 90°+7' +15' 
113D3S1 23 350 30 MV 30 3200/86° 30/30 90°+5' +8' 
113D3S2 23 350 30 MV 30 3200/86° 30/30 90°+5' +8' 
113D3S3 23 350 50 MV 30 3200/86° 30/30 90°+7' +15' 

(31 113D2Pl 23 500 50 MV 50 7000 5'0/50 90°+5' +5' 
131 113D2P2 23 500 50 MV 50 7000 50/50 90°+5' +10' 
(21 113D2Rl 23RS4D 23 400 30 MV 60 3000/86° 90/90 90°+2.5' +0.05% 
(21113D2R2 23 400 60 MV 60 3000/86° 90/90 90°+5' +0.10% 

113D1B 23RS6S 23 60 30 MV 24 480/78° 24/24 90°-+-5' +.2i'. 
113D3J 23 350 30 MY 30 3200/85.7° 30/30 90°+5' +0.15% 

(21 113D1N 23 60 26 MV 26 1140/76.3° 26/26 90°+5' +0.1i'. 
(21113D8H 23 1,000 (Test1 30 MV 24 (4116.25 mho 0.30 V 90°+5' +.2% 

113D1Ql 23RS6B 23 60 13 MV 26 1020/81.6° 26/26 90°+2.5' +.1% 
113D1Q2 23 60 26 MV 26 1020/81.6° 26(26 90°-+-5' +.ISi'. 
113D2A 23RS4B 23 400 20 MV 26 550/86° 26/26 90°+5' -+-.10i'. 
113D2C 23RS4C 23 400 30 MV 60 3200/86° 90/90 90°+5' +.10i'. 
10SD2F D·13310 15 400 30 MV 26 740/80° 26/26 900±S' ±.10i'. 

High impedance unit 
Feedback Resolver 

(4) For these Sweep Resolvers input impedance is not considered. 
Instead, inductance at 1000 c.p.s, is important. 

Geared housing 

Inductance at 1000 c.p.s. 

11308H 105080 

Rotor winding 17.7 Mh 27 Mh 

Main Stator winding 16.2 Mh 24.6 Mh 

Feedback Stator winding 16.2 Mh 24.6 Mh 



AMPLIFIERS AND GEAR TRAINS 

Amplifiers can be made in open, dust-proof or hermetically sealed packa~es. 
They can be individually desi~ned and modified to meet customer's electrical, mechanical and 

environmental specifications. Gears and ~ear trains of conventional and 
miniaturized types are available to meet the most demandin~ of desi~n requirements. 

MAGNETIC AMPLIFIERS 
Magnetic Amplifiers are designed 
for use in Servo Systems 
employing two phase low inertia 
induction motors. They require 
no external tubes or separate 
bias, and operate directly from a 
line supply. They employ the 
latest half-wave self-saturating 
circuitry, insuring low response 
time, high gain and compactness. 
The half wave reset mode of 
operation of these units supplies 
very desirable quadrature 
rejection. These Magnetic 
Amplifiers are noted for long life, 
ruggedness, and dependability. 

RESOLVER AMPLIFIERS 
Resolver Amplifier Systems are made 
for precision resolver applications 
where accuracy, isolation, 
and reliable operation under 
severe environmental conditions is 
paramount. Subminiature packaging 
techniques, preferred type tubes and 
quality components assure 
reliability, compactness and long 
life. '!\vo basic system types are . 
standard: a system connection 
employing summing resistors; the 
other, where the input signals are 
series summed with the compensating 
winding signal and fed to the grid 
of the high gain amplifier. 

SERVO AMPLIFIERS· 
Dual Channel Servo-Amplifier, Type SEA 

. 4-310, is made for servo-systems using 
miniature two-phase servo motors. 
Each amplifier channel is capable of accepting 
input error information, either 
in-phase or 90 degrees out of phase with the 
line of reference. Separate input 
terminals are provided for these inputs. 
For in-phase signals, the amplifier circuits 
provide the required 90 degrees phase 
shift for operation of the servo motor. 
Hence, the motor fixed fi~ld can operate 
without external phasing capacitors. 
Tuning capacitors for motor control 
fields are provided as integral part of 
each amplifier for power factor correction. 

CONTROL DEVICES 

Many control devices, desi~ned and developed by N;'rden-Ketay en~ineers, are 
bein~ produced in mass quantities. Custom en~ineered units, featuring resistance to humidity, 

corrosion and high temperatures, or having special confi~uration and other non-standard 
characteristics, will be made to meet the needs of your particular application. 

Norden-Ketay designs and manufactures a large variety 
of airborne instruments for engine and flight operation, 
for many aircraft, missile, marine, ordnance and civilian 
applications. Included are many special designs insuring a high 
level of performance, while meeting limitations of space 
and operating conditions. Norden-Ketay research 
laboratories are staffed and equipped to co-operate with 
engineers that find a need for electronic control devices 
in their particular project. 

NORDEN-KETAY CORPORATION 
99 Park Avenue, New York 16, New York 

Research and Development Laboratories: Ketay Laboratories, New York, N. Y .• The Norden Laboratories, White Plains, N. Y. 

Manufacturing Plants: New York, New York • Milford, Connecticut • Hawthorne, California • Commack, Long Island, N. Y. 

Subsidiaries: Vari-ohm Corporation, Amityville, L. I., New York. • Nuclear Science and Engineering Corporation, Pittsburgh, Pa_ 

ALSO SPECIALISTS IN POTENTIOMETERS SYNCHRO OVERLOAD TRANSFORMERS 
SERVO MECHANISMS • GYRO COMPONENTS • COMPUTERS • DIGITAL CONVERTERS 

FIRE CONTROL SYSTEMS • NAVIGATIONAL SYSTEMS 



ASSOCIATION FOR COMPUTING MACHINERY MEETING 
(continued from page 28) 

.:luded, and illustrative results are presented. 
Because of storage requirements, the number 
of integrators needed is twice the order of the 
given equation. 

85 
Analog Computers at NAMTC­
Accessories-A fter-the-F act! 
JOHN H. McLEOD, JR., 
U. S. Naval Air Missile Test Center, 
Point Mugu, Port Hueneme, California 

The usefulness of analog computers for design 
and development is generally recognized. This 
paper deals with a less appreciated applica­
tion-the analog computer as a tool for the 
evaluation of equipment already designed and 
fabricated. The ways in which analog computer 
system simulation contributes to the evaluation 
of weapon systems and components at the Naval 
Air Missile Test Center are discussed and il­
lustrated by fictitious examples. Some advan­
tages and limitations of analog equipment are 
mentioned, and some personal observations are 
made concerning the possibility of digital con­
tributions. The conclusion is drawn that the 
time and money spent in the development of 
system simulation facilities is repaid many times 
over by subsequent savings. 

86 
Design of a Shock A bsorber Mechanism for the 
Gun oj a Military Tank 
IRVIN J. SATIINGER AND SEYMOUR R. LAMPERT, 

University of Michigan 
A research program being carried on at the 
Willow Run Research Center has resulted in 
demonstrating a variety of applications of 
analog computer techniques to the design and 
development of tanks. A typical application 
concerns the design of a shock absorber mechan­
ism used to protect against excessive oil pres­
sures in the hydraulic system for controlling 
gun elevation which, can occur when the tank 
travels over rough terrain. The shock absorber 
is built as an integral part of the elevating 
mechanism and consists of a gas cylinder which 
acts as an energy storage device and damping 
orifices and relief valves which provide damp­
ing. The complete dynamic system consisting 
of the gun, the shock absorber, and the hull of 
the tank mounted on its suspension system was 
simulated. The shock absorber design was 
varied to give optimum performance when the 
tank was driven over a 12" x 12" wood timber 
at 10 miles per hour. 

87 
Transient Heat Transfer to a Moving Fluid 
FRANK ENGEL, JR. AND WILLIAM W. RAMAGE, 

Westinghouse Electric Corporation, Pittsburgh, Pennsylvania 

88 
An Electronic Differential Analyzer as a 
Difference Analyzer 
LoUIS B. WADEL" 
Chance Vought Aircraft Incorporated, Dallas, Texas 

This paper discusses the employment of an elec­
tronic differential analyzer as a difference 
analyzer in order (1) to solve an ordinary dif­
fer~nce equation and (2) to solve approximately 
an nrdinary differential equation by methods 
analogous to standard numerical integration 
techniques. A simple example of each use is 
described. Applicable computer splution pro­
cedures are outlined with circuit diagrams in-
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89 
Electronic Differential Analyzer Solution 
of H eat-Transfer Problems 
R. M. HOWE, 
University of Michigan 

Differential analyzer solution of linear heat­
transfer problems, both by separation of vari­
ables and by difference techniques, is discussed. 
Theoretical accuracy of the difference method 
is presented for problems involving Cartesian, 
cylindrical, and spherical coordinates. Analyzer 
solution of heat-flow through semi-infinite 
media is also treated. Application to nonlinear 
heat transfer problems is discussed, along with 
several examples. 

90,\ 
DC Analog Computer Survey of Trajectories of 
Spheres Falling Through the Upper Atmpsphere 
F. L. BARTMAN, 

University of Michigan 

91 

Upper.air densities and temperatures have been 
obtained from the measured trajectories of fall­
ing spheres. The effects of varying parameters 
such as the ratio of sphere mass to cross-sec­
tional area, and the influence of boundary con­
ditions such as initial altitude, horizontal 
velocity, and wind are studied by solving on a 
DC analogue computer, the equations of IllO­

tion of spheres falling through the earth's at­
mosphere. This survey will aid in evaluating 
several different possible designs of the experi­
ment, and help in the adjustment of parameters 
for optimum results. 

A Matrix Rotator for Psychology 
GEORGE T. JACOBI, 

General Electric Co., Schenectady, New York 
Investigations of the structure of personn~l tests 
frequently involve the use of factor analysis. 
This mathematical tool combines the knowl­
edge of the psychologist with the structure of 
the data; it involves repeated orthogonal mat­
rix rotations with intermediate crossplating of 
the data for visualization. A medium-size analog 
computer is described, which permits the rota­
tion of factor matrices with up to fifty variables 
and twelve factors. Visual inspection of the 
cross-plots in all planes of this twelve-space is 
provided before, during and after rotations. 
Successive rotations are cumulatively stored in 
the machine. When the proper factorial struc­
ture is achieved to the satisfaction of the 
operator, the rotated factor s'olution and the 
transforn:tation matrix may be read out to one 
per cent precision. The principle of the com­
puter is described by means of a geometric ex­
ample, and the power of the method of factor 
analysis in various fields of science illustrated. 
The Matrix Rotator was constructed for the 
Personnel Research Branch, Adjutant General's 
office, Department of the Army by the General 
Electric Company under contract DA-49-083 
OSA-212. 
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High Speed Reactor Calculations 
WARD C. SANGREN, 
Oak Ridge ,National Laboratory, Oak Ridge, Tennessee 

The neutron behavior of a large class of re­
actors is adequately described by the age-diffu­
sion equation. This equation can be reduced 
to a set of coupled differential equations, called 
multigroup equations. These multigroup equa­
tions for multiregions have been programmed 
for the UNIVAC and are now being run on a 
routine basis. The fundamental data, consisting 
of cross sections for reactor materials, is kept 
on a magnetic tape. For each reactor the reactor 
materials, with concentrations and the boun­
daries for the regions are used as input data. 
The group or 'reactor constants are then com­
puted each time before the reactor is calculated. 
The mathematical problem consists of using an 
iterative scheme for finding an eigenvalve, 
eigenfunction, and associated functions. 

93 
-Rates of Convergence in Numerical Solution 
of the Diffusion Equation 
R. H. STARK AND G. M. ROE, 
General Electric Company, Knolls Atomic Power 
Laboratory, Schenectady, New York 

A basic calculation in reactor design is the 
mathematical determination of neutron, flux as -
a function of position and energy for a par­
ticular model. A satisfactory answer is often 
obtained from solution of the age-diffusion 
equation: 

- - a (Snv) 
V • D V (nv) - A • (nv) = + ---

< a u 

+ x ofF. (nv)du and 

v · D V (nv)t - At (nv)t = -lim (Snv). 
U~Ut 

In these equations nv and DV n (nv) , are con­
tinuous across every surface. Also, nv = 0 on 
exterior boundaries and nv = 0 at u = O. 
Assume, a core containing fissionable material 
surrounded by one or more regions of different 
composition. Our most advanced mockup is one 
which can be represented in cylindrical geome­
try so that all interfaces and boundaries are co­
ordinate surfaces and there is either no z 
dependence or no e dependence. The solution 
is accomplished by guessing of 00 F • (nv) du 
and iterating. An i~eration on (nv) at each step 
in u is also employed. Observed rates of con­
vergence for this process are provided for (r, z) 
and (r, e) geometries. 

94 
Digital Methods in Nuclear Reactor 
Space Simulation 
W. F. BAUER, J. W. CARR, R. DAMES AND G. GRAVES, 
University of Michigan 

Digital methods, using automatic electronic 
high-speed machinery, are investigated for the 
solution of the so-called "two-group" approxi­
mation to the diffusion problem for the "homo­
geneous" reactor. The standard partial differ­
ential equations are replaced by two sets of 
difference equations. The use of high-speed 
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digital computation allows solutions for more 
complicated geometries. The approximating 
difference equations are developed for such 
geometries. An algorithm is developed making 
use of the classical "power" or "Bernoulli" 
method, for determination of the lowest eigen­
value of the systems involved. This procedure 
requires use- of the classical "Gauss-Seidel" 
method of solving a system of linear equatio'ns, 
at each step of the power iteration procedure. 
At the same time that the eigenvalue is ob­
tained, the corresponding eigenfunction can 
also be obtained, using the power iteration pro­
cedure. Estimates of the time required for tlie 
entire method, for a 40 x 40 two-dimensional 
grid, and a SO x 30 x 30 three-dimensional grid, 
are given for solution -on several typical ma­
chines, including the IBM-701, ERA-II03, and 
UNIVAC machines. A general discussion of the 
machine program is given. The possible use of 
special purpose digital machines, for greater 
speed and efficiency, is discussed. Several pro­
posed extensions of the procedure and method 
are evaluated. 

95 
The Generalized One-Dimensional 
Space Simulator 
R. R. SCHIFF, 
Westinghouse Electric Corporation, Pittsburgh, Pennsylvania 

96 
The Westinghouse Analog Computer for 
Reactor Spatial Flux Distribution 
FRANK ENGEL, JR. 
T¥estinghouse Electric Corporation,Pittsburgh, Pennsylvania 

97 
Electronic Simulation of Nuclear Reactors 
KENNETH FISCHBECK, 
Bendix Research Laboratorie,s, Detroit, Michigan 

Electronic analog computers now provide an 
accepted tool for engineers engaged in the de­
sign of dynamic systems. Reactor engineers and 
particularly those concerned with reactor con­
trols have correspondingly adapted these tech­
niques to their work. A variety of analog com­
puters solving reactor kinetic equations on a 
true time base have been constructed, ranging 
in size from single tube chassis to complex 
systems comprising servo and electronic multi­
pliers, function generators and dozens of high, 
quality amplifiers. These simulators are used 
to evaluate and optimize new designs, to test 
existing control systems or components, to in­
struct students and to train reactor operating 
personnel. The reactor kinetic equations, in­
cluding temperature and self-poison effects, are 
presented with illustrations of their electro'nic 
implementation. 

98 
Automatic Programming on the UNIVAC 
GRACE MURRAY HOPPER, 
Remington Rand, Incorporated, Philadelphia, Pennsylvania 

During the past two years, several types of 
automatic programs have _been developed for 
the UNIVAC. This report covers the development 
of the compiler and generating techniques, the 
reasons for _ development in this direction, and 
experience at several installations using these 

• 
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methods. Definitions of static and dynamic sub- Ai' ••• , Ar} the new functions cp ..... , <pn 
routines and their place in business and indus- being given functions of a set of independent 
trial applications a~ well as in scientific and variables t; PI' •.• , Pp the Ak being unknown 
engineering applications will be included. The f . parameters. Determine the unctions fl and the 
reductIOn in programming errors and time and 
their relation to elapsed time, for the solution constants Aj such the f F2 is minimized, the 
of a p~oble~, will be discm~cd. Phases of pro- integral being taken over a preassigned domain 
gramm~n~ mtroduced by the new techniques of the variables t, PI' ••• , pj. The analysis, 
are mmllnal access programming, automatic programming, and solution of a recently com-
storage assignment, and translation from one pleted problem of this type on the IBM-70l 
computer code to that of another computer. computer is discussed. 

99 
General Purpose Programs and Related 
Techniques for the IBM Type 701 EDPM 
WILLIAM MCCLELLAND, 
Inter:national Business Alachines Corporation, 
Endzcott, New York 

.h synopsis will be made of 70 I programs in 
current use for: the translation of instructions 
and data; program verification and diagnosis; 
and interpretive operations. Some contemplated 
future developments will also be discussed. 

100 
X-ray Diffraction Calculations on FERUT 
C. C. GOTLIEB AND J. KATES, 
University of Toronto, Toronto, Ontario, Canada 

A .~rogr~m for carrying out Fourier syntheses 
ansmg m crystallographic work has been 
written for FERUT. This program is an inter­
pretive one and easily applied to both structure 
factor and Patterson calculations. Several check­
ing features are incorporated, and advantage is 
t~ken of symmetry to reduce the computing 
time.' It has been used for single, double and 
triple Fourier summations. 

101' 
Pipe Stress Calculations on 
Automatic Computing Machinery 
STANLEY KATZ, 
ElectroData Corporation, Pasadena, California 

102 

A piping network in a chemical plant is ef­
fectively anchored to various massive pieces of 
equipment such as heat exchangers and frac­
tionating columns. The tendency of the piping 
system to expand or construct under operating 
conditions is resisted by these anchors, and so 
gives l'ise to thermal stresses in the piping sys­
tem. These stresses are conventionally calcu­
lated by an application of Castigliano's theorem. 
The calculation involves rather elaborate book­
keeping on each section of pipe to give the co­
efficients in a sizeable system of linear equa­
tions, which must then be solved. The present 
paper describes the programming of this calcula­
tion on a stored program digital computer, and 
gives time estimates for typical cases. 

A Least Square· Curve Fitting Problem 
B. DIMSDALE, 
Raytheon ManUfacturing Company, 'Waltham, Massachusetts 

In general the problem can be stated as' follows: 
Given a function F (f ..... , fro) where fl is 
an unknown function of a single variable XI' 

and where XI =xI (fp ... , fm; CPI' ••. , <pn; 
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103 
A Progranl for an Airborne Digital Control System 
SHERMAN 1. KLEIN, 
Hughes Research and Development Laboratories, 
Culver City, Califomia 

The program to be described is one used in 
an advanced phase of the flight testing of the 
DIGITAC system, an airborne automatic control 
system utilizing a digital computer. The pur­
pose of the system is summarized. The con­
figuration of the system and some specific com­
ponents are mentioned. The computer and its 
order coding system are described briefly. The 
specific program and its code are presented in 
detail as far as permitted. Emphasis is placed 
on certain aspects which are interesting or 
unique and may be applicable to others in this 
field. Simplification of the program is made 
by means of block diagrams. 

104 
Analog Simulation for Noise Analysis 
in Control System 
ELDON C. HALL, 
Massachusetts Institute of Technology, 
Cambridge, Massachusetts 

This paper covers the operation and applica­
tion of new analog equipment which, when 
used in conjunction with a repetitive analog 
computer, facilitates the study of noise in con­
trol systems. The new equipment includes a 
noise generator and a probability generator 
which is a device that uses a sampling process 
to count the frequency of occurrence of a 
random event. The use of a repetitive com­
puter for simulation makes possible the. rapid 
accumulation of data, therefore it is possible to' 
make an accurate determination of a random 
event in a very short period of time compared 
with that required for the equivalent measure­
ment using real time analog equipment. One 
typical application considered is the determina­
tion of the rms output of a system for which 
the input noise is stationary and the output 
non-stationary, that is, the rms output is a func­
tion of time. A second application illustrates 
the method as applied to an anti-aircraft fire 
control system where the statistic to be deter­
mined is the probability of scoring a hit on the 
target. 

105 
A Note on the Simulation of Several 
Non-Linear Operations 
S. GISER AND A. LANGE, . 
Massachusetts Institute of Technology, 
Cambridge, Massachusetts 

Several non-linear operations typical of those 
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encountered in systems analysis are discussed. simultaneously a very low error rate machine 
Examples are given to illustrate how these non- and high probability error detection circuits. 
lineanties may be simulated, including several 'Functional' check circuits of the 'fail-safe' type 
cases where the non-linear operation may be are used where possible. Specific error circuits 
approximated by a linear operation. Further of the '120' are discussed and illustrated. The 
examples show how germanium diodes may be timer is checked separately for 'pickup' and 
used for simple plug-in units in conjunction 'drop.' The Address Generator is checked by a 
with linear operators so that non-linear opera- functional unit at essentially no cost. Drum and 
tions can be performed. An extensive appendix register data are checked at the memory transfer 
is included which discusses the use of perturba- points using the 'excluded combination' prin-
tion methods for analog computer studies of Giple and directly as read from the drum using 
non-linear problems, especially error-analysis a specific waveform examination. The tape 
problems. units are checked by an odd-even checker as 

106 
Direct Simulation of Mechanical and Electrical 
Networks on Electronic Analog Computers 
V. L. LARROWE, 
University of Michigan 

Development of satisfactory computer circuits 
for simulating complex electrical or mechanical 
networks from the differential equations de­
scribing the behavior of these networks is diffi­
cult. A circuit derived in this manner often con­
tains a surplus of integrations and gives inde­
terminant results. Computer circuits for simulat­
ing such ,net,works may be derived without using 
differeJ?t:iaY equations as an intermediate step. 
This procedure gives a circuit using a minimum 
number of integrators and usually I a minimum 
number of computing elements. The method 
has been applied successfully to simulation of 
various electrical networks. Examples are in­
cluded for both electrical and mechanical net-
works. . 

107 
Transport Delay Simulation Circuits 
CHARLES H. SINGLE AND GILBERT STUBBS, 
Westinghouse Electric Corporation, Pittsburgh, Pennsylvania 

The investigation of the performance of many 
physical systems by analog computational meth­
ods involves the simulation of a transport or 
time delay phenomenon. This paper describes 
a simple technique for obtaining an accurate 
transport delay using only operational (high 

. gain doC) amplifiers with associated feedback 
. components., These circuits provide' a con­
tipuously variable time delay of greater accuracy 
and simplicity than has 'been previously avail­
able. Detailed analysis of the approximations 
used and practical circuits incorporating these 
approximations are described. Experimental 
data from one laboratory network are given. 

108 
Checking Features of the ELECOM 120 
ALBERT A. AUERBACH, 
Underwood Corporation, Long Island City, New York 

Error detecti~n systems in digital computers are 
considered generally and evaluated with respect 
to cost and effect on machine speeds. Ten 
schemes in common use are: 1) equipment dup­
lication and comparison; 2) rerun and com­
parison; 3) inverse operation check; 4) checking 
codes (odd-even check); 5) self correcting codes; 
6) modular check; 7) program check; 8) ex­
cluded combination check; 9) waveform checks; 
10) marginal checking. The conflicting require­
ments of minimum cost and maximum per­
formance are resolved in the '120' by developing 
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well as a sprocket count device. Unnecessary 
stops due to transient read errors of tape data 
are avoided by permitting automatic reread (3 
'passes maximum). The check circuits are located 
at strategic points as dictated by experience. 
They have been designed from the point of 
view of minimum cost and maximum error de­
tection probability, and are adequate under 
conditions of high machine reliability. 

109 
Self Checking; Its Effect on Accuracy, Design, 
Operation, Maintenance, Reliability, Use and 
Programming of Digital Computers 
LoUIS FEIN, 

Computer Control Company, Point Mugu, California 

The feature of self-checking has been stressed' 
considerably in the consideration, of accuracy 9f 
results produced by digital computers; other 
effects as enumerated in the title of this paper 
will be discussed. ' 

110 
Magnetic Drum Sorting System 
FRANKLIN H. FOWLER, JR., 
Digimathic, Washington, D.C. 

N numberli in random order pass through a 
magnetic drum system with n data tracks of n 
numbers each and emerge in monotonic se­
quences of average length greater than n 2 • 

After a few introductory steps, the output se­
quenceS' are produced at' a rate of one number 
per drum revolution. Data associated with the 
individual numbers is handled by the use of 
additional space on the drum and additional 
controls. These advantages are accomplished by 
a supervisory track storing selected numbers 
from the data tracks, special arithmetic devices 
for selecting a number frqm a track in a single 
drum revolution, and the inclusion of the input 
in the storage system. Extension of the system 
to n 3 numbers is theoretically possible. 

- END. 

, 
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Products and Services In The Computer Field 

(Etlition 1, cumulative, information as of March 10, 1955) 

The purpos~ of this list is to report products 
and services in the computer field. In the 
COMPUTER DIRECTORY (the June issue of Comput­
ers and Automation) these headings, doubtless , 
wi th s orne modifications, wi 11 be used to class­
ify the listings in "Part 3: The Computer Field: 
Products and Services for Sale". We shall be 
grateful for any comments, corrections, p r 0-

posed additions or deletions which any reader 
may send us (especially if received be for e 
April 30). 

If your organization makes any of these prod­
ucts or services " you might suggest to you r 
advertising director that he send us appropri­
ate information on "product entry forms" fo r 
our listings. A product entry form, one fo r 
each product, supplies four items of informa­
tion: name or identification of prod uc tor 
service / brief description / how it is used/ 
price range. 

Adders (for analog computers) 
Adding machines 
Advertising services (computer field) 
Analog computers (SEE also differenti a I 

analyzers) 
Ari thmetical circui ts (for digi tal c 0 m­

puters) 
'Automatic computers (SEE analog computers, 

digital computers) 

Books (computer field) 

Capacitors (computer types) 
Cards (SEE punch cards, magnetic cards) 
Card-to-tape converters 
Cathode ray tubes (SEE electro s tat i c 

storage tubes) 
Computers (SEE analog computers, digital 

computers) 
Computing services 
Consulting services (computer field) 

Data processing machinery (SEE also com-
puters) 

Delay lines (computer types) 
Desk calculators 
Differential analyzers 
Digital computers 
Digital differential analyzers 
Diodes (computer types) 

Electric typewriters 
Electronic tubes (computer types) 
Electrostatic storage tubes 

Facsimile printers 
Ferrites (computer types) 
Flight simulators 
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Integrators 

Line-at-a-time printers 
Logical circuits (for digital computers) 

Magnetic cards 
Magnetic cores (computer types) 
Magnetic drums 
Magnetic heads 
Magnetic tape 
Magnetic tape readers (computer types) 
Magnetic tape recorders (computer types) 
Market research service (computer field) 
Matrix printers 

Paper tape 
Paper tape readers 
Patch cords 
Photoelectric card readers 
Photoelectric tape readers 
Photographic recorders (computer types) 
Plotters 
Plugboards 
Printers (SEE various types) 
Problem-solving services (SEE comput in g 

services) 
Punch cards 
Punch card machines (each type tre a te d 

separately) 
Punch card readers 

Readers (SEE various types of readers) 
Relays (computer types) 
Resolvers 

Scanners 
Stepping switches 
Switches 
Synchros 

Tape (SEE magnetic tape, punch tape) 
Tape-to/-card converters 
Transistors (computer types) 

Visual displays 

- END -



Western Computer Conference and Exhibit; Los Angeles; 

March 1 - 3, 1955 Titles of Papers and Abstracts 

The Western Computer Conference and Ex­
hibit took place at the Statler Hotel,in Los 
Angeles, March 1-3, 1955. The theme of the 
conference was "Functions and Techniques in 
Analog and Digi tal Computer"; it was arranged 
by the Joint Computer Conference Committee, 
which represents the American Insti tut e 0 f 
Electrical Engineers, the Institute of Radio 
Engineers, and the Association for Computing 
Machinery. 24 papers were given; 36 companies 
exhibited equipment. The proceedings of the 
conference will be published by the J 0 i n t 
Computer Conference, and may be ordered from 
anyone of the participating societies, a s 
for example the Association for Computing 
Machinery, 2 East 63 St., New York 21, N. Y. 

Some of the papers reported studie s 0 r 
developments of interesting new advance sin 
computers: programming a digital computer to 
act as a differential analyzer an d the a d­
vantages; teaching a computer to rec og n i z e 
patterns and to learn to play good chess; and 
the development of a dry printing pro c e s s 
which will produce 5000 characters a second. 

Following are the titles and abstracts 
of the papers: 

Transfer·Function Synthe~is With Computer 
Amplifiers and Passive Networks 

M. V. MATHEWS AND W. W. SEIFERT 

Massachusetts Institute of Technology 

The study of dynamic systems on an analogue computer often 
involves the synthesis of complex transfer functions. Techniques 
from the field of network synthesis are combined with methods 
used in electronic-differential-analyzer work to provide effective 
means for realizing these transfer functions with a minimum of 
computer equipment. The basic ideas of associating high-gain 
amplifiers and phase-inverting amplifiers with resistor-capacitor 
networks are applied in order to obtain three systematic methods 
for synthesizing transfer functions of various degrees of complexity. 
The methods described are illustrated by an example. 

Simlliation by Modeling 

~. 1. IRVINE .AND 1. DAVIS 

Aeroj et-General Corporation 

This paper describes methods of simulating complex field dis­
tributions by modeling. The analogy between electrical and multi­
dimensional filters is given together with a treatise of n-dimen­
sional Fourier transforms. An optical-electrical-mechanical model­
ing system is illustrated for a two dimensional filter simulator. 
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Ideal Transformers in the Synthesis of 
Analog Computer Circuits 

R. H. MACNEAL AND G. D. MCCANN 

California Institute of Technology 

Modern instrumentation techniques make possible nearly per­
fect "ideal" transformers which permit general techniques for 
synthesizing positive form linear simultaneous equations by direct 
circuit analogies. The role of transformer networks for coordin­
ate transformation is developed together with their use in the 
synthesis of systems or portions of systems described by direct 
tests. 

A New Approach to Grounding In 
D·C Analog Computers 

C. M. EDWARDS 

Bendix Aviation Corporation 

There have been two major difficulties associated with the 
development of D-C analog computers. The advent of the 
chopper-stabilized operational amplifier has reduced amplifier 
drift to an acceptable level and eliminated one of-these difficulties. 
The second difficulty which is that of off-set caused by currents 
flowing in the ground system, has been successfully mastered to 
date by the use of the "brute force" approach (i. e., using large 
quantities of copper in the ground bus system). 

In a large scale D-C analog computer utilizing chopper-stab­
ilized amplifiers, a ground isolation system has been developed 
which reduces chopper reference voltages to negligible proportions 
while requiring only a relatively small amount of copper. 

The Need For Integration of Accounting Systems 
And The Design of Electronic Data 
Processing Systems 

P. KIRCHER 

University of California, los Angeles 

This paper surveys the computer field from the point of view 
of the accountant. The "Various approaches to the pro~lem of 
installing a computer in a business organization are e,xammed 
critically and conclusions are drawn in terms of general require­
ments which the computer designer must meet for the in~tallation 
to be satisfactory. A plea is made for greater recognition of the 
need for better integration in the accounting-computer system. 

Automatic Translation of Printed Code to Energy 
Impulses Acceptable to Computing Equipment 

]. T. DAVIDSON AND R. 1. FORTUNE 

Standard Register Company 

This paper will expound on the combined electrical and 
mechanical methods whereby printed codes may be translated into 
energy impulses necessary to actuate all conventional, as well as 
the newer high speed office equipment and computers, thereby 
eliminating the manual labor now required to transcribe the 
records made on source documents to a language acceptable to 
machine accounting. 

It is planned to describe codings-their methods of creation and 
their uses primarily in the business world. The principle involved 
in the recognition of these codes will be explained. The talk will 
include a limited demonstration of the equipment. 

• 



WESTERN a:NPUTER mNffiRENCE 
Transcription From Keybord to Magnetic Tape 

G. B. GREENE 

Marchant Research, Inc. 

Data transcription into an automatic electronic data processing 
system suffers from reading a typographical error as does any type 
of transcription; in addition, sensitivity to malregistration is a 
trait common to all automatic systems. Methods employed in the 
Marchant Miniac system to eliminate transcription error and their 
effects :lre discussed. 

Data Collection System as a By-product of 
Normal Business Machine Operation 

J. C. TA~LOR 
National Cash Register Company 

The automatization of a data collection system for use in 
business applications is described in this paper. The system 
captures selected data on a perforated paper, tape as a by-product 
of normal business machine operation. These tapes are used as 
input to electronic computers or other data processing equipment 
which process the data, thereby producing the necessary reports 
automatically. 

A department store application using perforated media as a 
source of fixed descriptive data and a cash register as the source 
of variable information are discussed. The data collection system 
will combine these two sources of data, creating a paper tape as 
one media to automatically provide data for the computer or other 
processing equipment. 

An Optimization Concept ,For 
Business Data Processing Equipment 

D. R. SWANSON 

Hughes Aircraft Company 

It is demonstrated that under certain conditions there exists 
an optimal relationship, based on cost and performance, between 
the number of magnetic tape units and the number of digital com­
puters in a business data processing system. The relationship 
is derived in such a form as to indicate how the concept might 
generally be applied to any kind of system. Some discussion is 
also given on the question of random access in business data 
processing. 

Data Processor Requirements 
In Production and Inventory Control 

H. T. LARSON AND A. V AZSONYI 

The Ramo-Wooldridge Corporation 

The nature and rn;~nitude of the data processing requirements 
of parts listing, production scheduling, and machine loading will 
be analyzed and suitable data. processor characteristics will be 
given on the basis of the development of a mathematical model 
of production scheduling. 

It appears that data processor requirements for production and 
inventory control combine the internal capacity and speed re­
quirements of scientific computers, and the input-output require­
ments of conventional business data processing. 

Applications of Data Processing to 
Production Control 

C. R. DE CARLO 

International Business Machines 

This paper will describe in some detail several current applica­
tions of data processing equipment to production scheduling and 
control. The mathematical models used in each instance will-be 
described. 

The development of computers and the data processing system 
particularly with reference to the needs of mathematical produc-
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tion models will be examined. Machine characteristics needed 
for the ready soiution of production problems will be reviewed. 

The Integrated Use of Analog and Digital 
Computing Machines for Aircraft Dynamic 
Load Problems 

B. MAzELSKY AND R. F. O'CONNELL 

Lockheed Aircraft Corporation 

Aircraft dyna~ic load problems involving a large number of 
degrees of freedom have been studied using both analog and 
digital computing techniques. A compari·son is made of the two 
computing methods, and relative advantages are pointed out. 
Consideration is given to set-up time, error checking, and accuracy. 

General Digital Computer Program 
For Sfatic Stress Analysis 

P. H. DENKE AND I. V. BOLDT 

Douglas Aircraft Corporation 

A large scale, high speed, general purpose digital computer 
has been employed at the Douglas Aircraft Company for a variety 
of problems in the aircraft and guided missile field. Particular 
attention will be devoted to a method for static stress analysis 
of aircraft structures. 

Aircraft Performance Studied On An 
Electronic Analog Computer 

L. B. WADEL AND C. C. WAN 

Chance Vought Aircraft, Inc. 

An analog computer has been used to investigate the flight 
performance of aircraft flying complete mis'sions. Aerodynamic 
power plant, atmospheric, geometrical, and weight data are taken 
into account. Such studies involve large numbers of nonlinearities 
which must be carefully simulated. The results of studies of this 
type are incorporated in the pilofs'handbook. 

Coding A General Purpose Digital Computer 
To Operate As A Differential Analyzer 

R. G. SELFRIDGE 

USNOTS, Inyokern 

A system for coding a general purpose digital computer is 
described. This particulal> system has advantages for engin~ering 
studies in which changes are made during the course of the 
computation. The digital counterparts of familiar analog com­
puter operations, such as -scale factor changes, are demonstrated. 
Several advantages are claimed for the methods and philosophy 
presented. 

PaHern Recognition In Modern Computers 

o. G. SELFRIDGE 

Massachusetts Institute of Technology 

As 'an approach to the problem of simulating the process of 
t~i!1kin.!? by th~ ,modern comput~r, the problem of pattern recog­
nttlOn IS consIdered. The partIcular case of visual recognition 
of significant structure in irrelevant detail is discussed· transfor­
mations capable of exhibiting good di~crimination amo~g images 
are pescribed. 



WESTERN COdPUTER OONFERmCE 
Programming Pattern Recognition 

G. P. DINEEN 

Massachusetts Institute of Technology 

This paper presents a further di·scussion of the transformations 
by means of which a computer can operate upon a visual image 
to eliminate noise, smooth irregularities, detect edges, junctions, 
and so on. An explanation of the programming of such pro­
cesses for a digital computer is given, together with the results 
of such transformations on simple visual patterns. 

Generalization of Pattern Recognition In A 
Self-Organizing System 

B. G. FARLEY AND W. A. CLARK 

Massachusetts Institute of Technology 

This paper considers an initially unorganized system asked to 
learn to recognize sensory patterns which fluctuate randomly about 
some mean value. Such fluctuating patterns are presentee! ~o the 
system both during and after its period of adaptation to the 
task; the conditions under which proper self-organizing behavior 
occurs is discussed. Experiments of this nature have been simu­
lated on digital computers, and the results of such work are 
described. 

The Chess Machine: An Example of Dealing 
With A Complex Task by Adaptation 

A. NEWELL 

The Rand Corporation 

This paper investigates the problem of how mechanisms such 
as electronic computers can deal with tasks which are so complex 
that no predetermined or "brute force" program can succeed. 
The problem of programming a modern computer to learn to play 
good chess serves / as a suitable example for discussion since the 
nature and complexity of the task are familiar. 

A New Non-Destructive Read for Magnetic Cores 

R. THORENSEN AND W. ARSENAULT 

Magnavox Research Laboratory 

A new method of interrogating the storage core is presented 
that 'uses a single ferrite core for storage and requires no external 
magnetic circuits for non-destructive read out. Experiments have 
shown that the information in the core is not destroyed regardless 
of the magnitude of the interrogation current pulse. The read 
signal can be as small as 0.3 microseconds. 

Electrographic Recording 

H. EpSTEIN 

Burroughs Corporation 

A high speed printing process will be described which can put 
a mark on paper in one microsecond and printed characters using 
a five by seven matrix can be recorded at rates exceeding 5000 
characters per second. The system uses very little power and is 
quiet since nothing moves except the paper. The process is dry, 
and permanent recording with no fading is achieved. 

An Electronic Digital Polynomial 
Root Extractor 

R. R. JOHNSON 

California Institute of Technology 

A special purpose digital computer is described. Its design is 
predicated upon the principle of matching the formulation of a 
particular problem with the characteristics . inherent in digital 
computer lore. A Taylor series approximation is the mathematical 
technique utilized to evaluate an nth degree polynomial in the 
complex domain. The machine which results is a simple digital 
device capable of extracting the complex roots of an 18th degree 
polynomial having complex coefficients. 

A Set of Transistor Circuits for Asynchronous 
Direct-Coupled Computers 

R. A. KliDLICH 

University of Illinois 
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A set of transistor building blocks for asynchronous computer~ 
will be discussed. These circuits include a flipflop, a gating 

-circuit, and several types of and, or, and not circuits. The perform 
ance of the various building blocks and the results obtained with 
a shifting register will be discussed. 

A Theorem on SPOT Switching Circuits 

B. RUDIN 

Lockheed Aircraft Corporation 

It will be demonstrated that networks of SPDT switches can be 
represented abstractly with boolean algebra in much the same man­
ner as networks of SPST switches have been treated by Shannon. 
It will be shown that all networks represented in this way can 
be handled as though each network were itself a single SPDT 
switch. Component minimization will be discussed and several 
examples will be given. 

-END -

*----------- * -'------.....;.--- * 
ruE EDITOR'S NOTES 

(continued from page 4) 
Products and Services For Sale". It will b e 
a compendium of descriptions, pictures, etc., 
of machinery, systems, components, servic e s, 
etc., for computing an~ data-handling. 

The closing date for most parts of' the 
directory issue will be April 20 to 27. 

-END -

* ----------- * ------------ * 
NOTICES 

For information on: 

Advertising Index 
Advertising Rates 
Advertising Specifications 
Back Copies 
Bulk Subscription Rates 
Manuscripts 
Who's Who Reply Form 

See Page: 

58 
56 
56 
54 
48 
46 
58 

Address Changes: If your address chan ges., 
please notify us giving both old and new ad­
dress, and allow three weeks for the change. 

*----------- * ------------* 

CLASSIFIED ADVERTISING 

Approximations for Digital Computers: Con­
SUlting work done by mail on problems of 
representing curves and surfaces for high 
speed digital computing machines. Reason­
able rates. Write air mail for quick ser­
vices. 

Cecil Hastings, Jr., 136 Kuuala St., 
Lanikai, Hawaii. 



ROSTER OF AUTOMATIC COMPUTERS-

(Supplement, information as of March 10, 1955) 

The purpose of this list is to report auto ma tl c 
computers in existence (all that are known to us). 
Each entry, when complete, gives: name of compute r 
(and interpretationof letters) / make rand plac e 
where made; if quantity is 1 or 2, p lac e w her e 
computer is located / purpose of computer, nature 
of computer, approximate size or capacity 0 f 
computer, and quantity of computer in existence. 

_ Some words like "Model" and "Typ e" h a v e bee n 
omitted from names of computers; usually the 
initial letters of the company nam e have bee n 
substituted. 

This list, is a supplement to the cumulative listing 
published in the February issue of "Computers and 
Automation" (vol. 4, no. 2). This supplement i s 
indebted to information kindly furnished by No r a 
B. Moser and J. M. Breen. 

In most cases the maker of the computer is the key 
to more information about the computer; the maker 
may be looked up in the "Roster of Organizations" 
which we publish (the last cumulative listing is 
in the November, 1954, issue of "Computer sand 
Automation" .) 

Abbreviations: The key to the special abbrevia­
tions follows: 

Purpose (p) 
Gp General purpose 
Sp Special purpose 

Nature of Computer (c) 
Dc Digital computer 
Ac Analog computer 
Ec Electronic computer 
Rc Relay computer 
Mc Mechanical computer 

Size (s) ss-- Small size or low capacity 
Ms Medium size or medium capacity 
Ls Large size or large capacity 

Quantity 
Oq Zero (i.e., unfinished or dismantled) 
lq One 
2q Two 
Sq Small quantity, about 2 to 6 
Mq Medium quantity, about 7 to 30 
Lq Large quantity, over 30 
?q Unknown quantity 

Some other abbreviations have been used which can 
Qe easily guessed, like those in a telephone book. 

We plan to keep this list up to date from time to 
time, and we shall be very grateful fo r any i n­
formation which any reader is able to send us. 
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Ace (Automatic Computing Engine -- eng i neere d 
model) -- SEE Deuce 

Aeracom (Aeronautics Computer) / Northwe s t ern 
University, Aerial Measurements Lab, Evanston, 
III / Gp EAc Ms lq 

Bizmac (Business and Management Automatic Comput­
er) / Radio Corporation of America, Cam den, 
N J / Gp EDc Ls lq 

Burroughs Laboratory Computer / Burroughs Corpor­
ation, Philadelphia, Pa / Gp EDc Ls Oq (dis­
mantled) 

Burroughs Unitized Digital Electronic Computer --
SEE Udec 

CEC 30-201 -- SEE Datatron 
CEC 36-101 -- SEE Datatron 
Datatron (formerly called CEC 30-201, CEC 36-101, 

ElectroData Systems, etc.) / ElectroData Corp, 
(affiliate of Consol Engrg Corp), P as a de n a, 
Calif / Gp EDc Ms Mq 

Deuce (production model of Ace) / English Electric 
Co, Stafford, England / Gp EDc Ms ?q 

BEC (Hollerith Electronic Computers) 1 and 2 / 
Bri tish Tabulating Machines Co, London, E n g­
land / Gp EDc Ms ?q 

IBM 705 (Electronic Data Processing Machine fo r 
Bus iness Purposes) / International Bus i n e s s 
Machines Corp, New York, N Y / Gp EDc Ls ?q 

IBM Card Programmed Calculator / International 
Business Machines Corp, New York, N Y / Gp EDc 
Ms Lq 

Lorpgac (Long Range Proving Ground Automatic Com­
puter) -- SEE Flac 

Remington Rand 409, 409-2R, 409-2M / Reming ton 
Rand, Inc, New York / Gp EDc Ss Lq 

Udec (Unitized Digital Electronic Computer) / Bur­
roughs Corp, Philadelphia, Pa; located at. Wayne 
University, Computation Laboratory, Detr 0 it, 
Mich / Gp EDc Ls lq 

-END -



BOOKS AND OTHER PUBLICATIONS 
Gordon Spenser, Whippany, N . .I. 

(List 13, COMPUTERS AND AUTOMATION, voL 4, 110. 4, April, 1955) 
-

This is a list of books, articles, periodicals, papers, and other publications which have a sig-
nifica,nt relation to computers or automation, and which have come to our attention. We shall be 
glad to report other information in future lists, if a review copy is sent to us. The plan of 
each entry is: author or editor / title / publisher or issuer / date, publication process, num­
ber of pages, price or its equivalent / a few comments. If you write to a publisher or issuer, 
we would appreciate your mentioning the listing in COMPUTERS AND AUTOMATION. 

--I Automatic Digital Computation, Proceed­
ings of a Symposium Held at the National 
Physical Laboratory (Teddington, Middle­
sex, England) March 25 - 28, 1953 / Her 
Majesty's Stationery Office, London, Eng­
land / 1954, photooffset, 296pp, l.ls 

This is an important addition to the 
'computing literature. Not only are 
the full texts of the 38 papers given 
at the Symposium reproduced, but also 
summarized reports of the discussions 
following the papers, of which pre­
prints were distributed to the co n -
ferees in advance. The first session 
was entitled "British Machines" and 
contained descriptions or papers con­
cerning the Pilot ACE, the EDSAC, LEO, 
MADAM, MOSAIC, NICHOLAS, RASCAL, and 
the TRE High-Speed Electronic Digi tal 
Computer. The second session, te rmed 
"Programming", containing eight papers, 
covered optimum coding, microprogram­
ming, conversion routines, the diag­
nosis of errors in programs, special 
requirements for commercial and ad­
ministrati ve applications, input and 
output, echelon storage systems, and 
serial digital adders for 3 variable 
radix of notation. , The utilization 
of computers, discussed in two sessions, 
contained papers on mathematics and 
computing, linear algebra on the Pi­
lot ACE, the numerical solution of or­
dinary differential equations, the so­
lution of partial differential equa­
tions, and the application of comput­
ers to mathematical tables, pure math­
ematics and to statistics. Conclud­
ing the second session was a general 
discussion on "Machine Utilization" 
reported in summary. 

The s~ssion on "Circuitry and Hardware," 
included papers on '~ates and Trigger 
Circui ts," "Parallel Ferroresonant '.Irig­
gers," "Mercury Delay Line Storage," 
"Applications of Magnetostriction De­
lay Lines," "Cathode Ray Tube Storage;' 
and "Memory Studies and Other Develop­
ments' at_ the National Bureau of Stand-

ards." The sess ion on "Servicing and 
Maintenance" contained four papers on 
preventive or curative maintenance,mar­
ginal checking, diagnostic prog ram s, 
and component reliability. The final 
session devoted to medium size digital 
computers, contained papers on the Har­
well Computer, the APE(R)C and APE(X)C, 
'and the Elliott-NRDC Computer 401. Two 
additional papers described a medi u m­
size decimal computer built at the In­
sti tute Nazionale per Ie App 1 i c azioni 
del Calcolo in Rome, Italy, and the de­
sign requirements of a low-costcomp~. 

The speakers, discussants, and 0 the r 
persons attending included most of the 
prominent computer people in E u r 0 p e 
plus a sprinkling from the United States 
and other overseas points. 

American readers will enjoy the conclud­
paragraph of Professor Hartree's open­
ing remarks: "Lastly, may I press for 
the use of the spelling 'program' with­
out the superfluous terminal 'me'. We 
do not write the French forms 't e 1 e­
gramme', 'diagramme '; why use the French 
form 'programme '? there has been obj ec­
tion to 'program' on the ground that it 
is an Americanism and, for this reason 
(so it is implieu) reprehensible. But 
it is not an Americanism; reference to 
the O. E. D. and Fowler's 'Modern Eng­
lish Usage' will show that it is a well­
established English word, of respectable 
age, derived from the Greek through Latin 
and that 'programme' is a reintroduction 
through the French. When we have a 
perfectly good English word, why should 
we prefer a' Gallicism? And why, anyway, 
should a Gallicism be acceptable and an 
Americanism - even if it were on e -­
unacceptable?" Wherever this reviewer 
noticed the word, it was spelled "pro-
gramme". -

Jacobson, Arvid W., editor / Proceedings of 
the First Conference on Training Personnel 
for the Computing Machinery Field / Wayn e 
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BOOKS AND OTHER PUBLICATIONS 

University Press, Detroit 1, 
printed, 104 pp, $5 

Mich. / 1955, computers, their abilities and limit­

This handsomely bound volume contains 
most of the papers and prepared d i s­
cussion presented at the confe ren c e 
held at Wayne University on June 22 
and 23, 1954. The conference was di­
vided into four sessions devoted r e­
spectively to Manpower Requirem ent s 
in the Computer Field, Educati 0 n a 1 
Programs, Influence of Automatic Com­
puters on Technical and General Educ~ 
tion, and Cooperative Efforts for Train­
ing and Research. The text of the dinner 
address, '''A New Dimension in University 
Service" by David D. Henry, Executive 
Vice Chancellor of New York University 
is included. The conference generally 
agreed that the coming years will see 
greater and greater demands for co m­
puter people on all levels and in all 
capacities, engineering, mathematics, 
and technical sales. Speakers at the 
second session reviewed the grow i n g 
tendency to give computer train i n g 
both in the uni vers i ty and in industry, 
supplementing formal instruction with 
on-the-j ob training. The influence of 
computers on technical and gene r a 1 
education provoked the widest disparity 
of opinion, ranging from expec ta t ion 
of little or no effect on the under­
graduate curriculum to expectation of 
a complete revolution in many depart­
ments. Many speakers agreed that for 
a new graduate entering the compu t er 
field general technical competence in 
the field of the subj ect matter towhich 
computers might apply was more desir­
able than knowledge of comp ute r s or 
~omputation per see It was the general 
consensus that it is far simpl e r to 
acquaint accountants and mathematicians 
wi th the art of programming t han to 
teach programmers the intricac i e s of 
accounting and mathematics. The talks 
at the final session concerned the m­
sel ves with cooper'ation between industry 
and the National Science Founda t ion 
on the one hand and educationalorgan­
izations on the other. 

Sluckin, Wladyslaw / Minds and Mac h i n e s / 
Penguin Books, Inc., 3300 Clipper Mill Rd., 
Baltimore II, Md. / 1954, printed and paper­
bound, 223 pp, $.50 

The author of this thought-provoking 
book is a graduate engineer who has 
written several books including 'Prin­
ciples of Alternating Currents". Later 
interests in perception and lear n i ng 
led to his present position as a lec­
turer in psychology at the University 
of Durham. The book commences with a 
simple description of modern automatic 

ations. The operation of the nervous 
system is described in order to point 
out the similarities between mech a n­
isms and organisms. Analog i e s in 
learning and problem solving, thought 
processes, and adaptive purposeful be­
havior lead to the tenth and fin a 1 
chapter on cybernetics and the impact 
the study of new machines has had on 
the intellectual climate of mod ern 
psychology. Each chapter conta ins a 
list of books and articles as selected 
references. There is an index. 

Industrial Relations Newsletter, Inc. / "Th e 
Coming Revolution in Industrial Relations, 
1955-1975" / Industrial Relations New s, 
230 West 41 St., New York, N. Y. /1955, 
printed and paperbound, 76 pp, $4 

This pamphlet is written in tlie for m 
of answers to 115 "vital" questions 
grouped into 8 chapters: The National 
Economy, A Revolution in the Plant, A 
Revolution in the Office, A Revolution 
in Management, Whither the Un ion s , 
Other Changes Ahead, The New Workforce, 
and The Coming Revolution in Industrial 
Relations. The chapter on "The Plant" 
concerns itself with automation, d e­
voting nine pages to detailed answers 
defining automation and explaining its 
importance and its effect on labor and 
industrial relations. Seven p age s 
cover the impact computers will ha v e 
on the office. Questions answered are 
"What are computers?", "What is their 
value?" "How soon will computer s be 
in general use?" "How will computers 
affect employmentT~" and "How will com­
puters affect industrial relations?" 
A bibliography of about 250 books and 
articles is appended. 

Lawden, Derek F. / Mathematics of Engineering 
Systems (Linear and Non-Linear.> / John Wiley 
and Sons, Inc., 440 Fourth Ave., New Yo r k 
16, N. Y. / 1954, printed, 380 pp, $5.75 

This book on applied mathematic's i s 
designed primarily for students of e­
lectronics, electriC'll engineer in g , 
applied phys ics and ins trument te c h­
nology. It is divided into five chap­
ters, the first being a 53 page intro­
duction which reviews' some of the more 
elementary concepts to be used later. 
The remaining chapters deal with the 
solution of linear differential equa­
tions by classical and modern methods, 
Fourier analysis and non-linear pi f­
ferential equations. There exi s t s a 
one page appendix on Laplace tra n s­
forms. Solutions to some of the many 
exercises are given. 
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Truter, Mary R. / "The Use of a '506' Holleri th 
(Bull) Multiplying Punch for Crystallograph­
ic Calculations" in the Proceedings of the 
Leeds Philosophical and_Literary Society, 
Scientific Section, Volume VI, Part III / 
Leeds Philosophical and Literary Soc iety, 
Ltd., The Uni versi ty, Leeds, York s hi r e , 
Eng land / February 1954, printed, pp 1 40 -
153, free to members of the Society, ?? t 0 

non-members 
The paper commences with a description 
of the "506" Multiplying Punch, a prod­
uct of the British Tabulating Mac hi n e 
Co., Ltd. One card cycle takes .33sec­
onds during which 22 program cycles are 
available for addition, subtractio n, 
resetting, or mUltiplying by a single 
digit. Division is not possible. The 
crystallographic calculations cons i s t 
of success i ve approximations. The first 
procedure consists of estimating struc­
ture amplitudes and phase angles esti­
mated. The second procedure is carried 
out by Fourier synthesis or by differ­
ential synthesis and provides new trial 
atomic coordinates from observed struc­
ture amplitudes and calculated ph as e 
angles. The first and second-procedure 
is then repeated, alternating. F u 1 1 
details of the punch card handling and 
operations are provided. 

Morse, Philip M., and others / "Repor't on a 
Conference on Mathematical Tables, the i r 
Publication and Distribution, together with 
a Consideration of their Use in the Lig h t 
of the Advent of High-Speed Computing M a -
chines" / Massachusetts Institute of Te c h­
nology, Cambridge 39, Mass., with the support 
of the National Science ,Foundation / Sep t. 
15 and 16, 1954, photooffset, 88 pp, limited 
distribution, cost ? 

Set up in an interesting and readable 
form, this report gives a short summary 
of the general conclusions of the con­
ference, followed by an appendix (pp 
9-84) reporting the discussions by the 
28 participants of the following"" t 0 p­
ics: the continued need for tab 1 e s, 
tables for the occasional compu t e r, 
publicati~n of contributed tab 1 e s , 
tables for computing machines, collec­
tion of punched card tables and codes, 
an index of tables, standard of accuracy 
for tables, printing of tables, produc­
tion of tables by computing mach in e s 
and machine proofreading, types of func­
tions needing tabulation, interpolatiOn 
techniques. 

Bashe, C. J., and others / "The IBM Type 702, 
An Electronic Data Processing Machi ne for 
Business" in the Journal of the Association 
'for Computing Machinery, Vol. 1 y No.4, 10C­
tober 1954 / Ass~ciation for Computin g Ma-

chinery, 2 East 63 St., New York 21, N. Y. / 
photooffset, pp 149-169, $5 annually to mem­
bers of the Association, $10 annual 1 y to 
non-members, $2.50 per single copy 

The principal characteristics of the 
IBM Type 702 are discussed in d et ail 
from the viewpoint of the programmer. 
The various instructions governing the 
machine are listed and explained. The 
Type 702 operates in serial; it is shown 
that the consequently slower speed is 
compensated by unusual logical features 
of great aid in programmdng accounting 
problems • 

Atta, Sus ie E. and W. C. Sangren / "Calculation 
of Generalized Hypergeometric Series" in the 
Journal of the Association for Comp uti n g 
Machinery, Vol. 1, No.4, October 1954 / 
Association for Computing Machinery, 2 East 
63 St., New York 21, N. Y. / photooffs et, 
pp 170-172, $5 annually to members of the 
Association, $10 annually to non-membe r s, 
$2.50 per single copy 

A subroutine, written for the ORACLE, 
for obtaining the sum of the generalized 
hypergeometric series is presented. The 
value of such a subroutine lies in the 
fact that many special functio n s of 
mathematical phys ics may be express e d 
in terms of such a series~ Functions 
so express able include Laguerre, Herm­
ite and Jacobi polynomials, the- error 
function and complete elliptic i n t e­
grals. 

Bauer, Walter F., and John W. Carr, III / "0 n 
the Demonstration of High-Speed Dig ita 1 
Computers" in the "Journal of the Association 
for Computing Machinery", Vol. 1, No. 4,Oc­
tober 1954 / Ass ociation for Computing M a­
chinery, 2 East 63 St., New York 21, N. Y. / 
photooffset, pp 177-182, $5 annually to mem­
bers of the Association, $10 annually to non­
members, $2.50 per single copy 

The authors discuss five criteria, for 
a successful demonstration of a computer 
before a group: complete control by the 
computer of its own behavior; anthrop­
omorphic behavior in response to exter­
nal stimuli; superiority in speed over 
conventional procedures; complete and 
versatile use of the input-outpu t e­
quipment; and audience partici p ation. 
In demonstrations of the MIDAC the ma­
chine found factors, solved the damped 
string problem and plotted the results 
graphically, solved a set of linear e­
quations, shot craps and played tic k­
tack-toe. The last two demonstrations 
provided for the audience participation 
in a convincing manner, as did the fac­
torization procedure. 

Trexler, George F. / "Public Utility Customer 
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• 

• 

TRANSISTOR & 

DIGITAL. COMPUTER 

TECHNIQUES 

applied to the design, development 
and application oj 

AUTOMATIC RADAR 

DATA PROCESSING. 

TRANSMISSION AND 

CORRELATION IN LARGE 

GROUND NETWORKS 

ENGINEERS 
8: 

PHYSICISTS 

Digital computers 
similar to tile slIccessfil' 
Hughes airboTllefire control 
computers are beillg applied by the 
Grollnd Systems Department to 
the itiformaiioll processing 
and compt/tillgjimctiolls of 
iarge grot/lid radar weapolls 
control systems. 

The' application of digital and transistor 
techniques to the problems oflarge ground 
radar networks has created new positions 
at all levels in the Ground Systems Depart­
ment. Engineers and physicists with experi­
ence in the fields listed, or with exceptional 
ability, are invited to consider joining us. 

FIEL.DS INCL.UDE 

TRANSISTOR CIRCUITS 

DIGITAL COMPUTING NETS 

MAGNETIC DRUM AND CORE MEMORV 

LOGICAL DESIGN 

PROGRAMMING 

VERY HIGH POWER MODULATORS 

AND TRANSMITTERS 

INPUT AND OUTPUT DEVICES 

SPECIAL DISPLAYS 

MICROWAVE CIRCUITS 

Clliver City, Los Angeles County, Califortlia 
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.A New Role 
for the 

ElE[TRO'nl[ 
EnlilnEER 
Pioneering in 
Automatic Control 

The automation of industrial 
processes, the elimination of tedious 

paper work, the safel!uardinl! of human 
lives and creative enerp:y throul!h split· 
second sensilll!, thinkinl! and deridinl! 

machines that act with intellil!ellce and 
discretion arc part of the second industrial 

revolution that is chanl!ing the life 
and work patterns of us all. 

ECA's ell;!illeers arc ('reatinl! the automatic industrial 
('ontrols, the electroni(' husiness machines, the di/dtal 

and analo;! computers that arc hrin;!ing this 
revolution into focus day hy day. Until they can 

design a machine that can do it hetter, these en;!ineers 
arc encoural!ed to hend their hest thoul!hts to this 

work in an atmosphere that allows for professional 
freedom, where there are open channels 

for the propal!ation of new ideas, where work 
executed with ima;!ination is remembered, 

where there is opportunity to l!row in the profession. 

As on~ of the leaders in this ('hange, ECA is daily 
stretchinl! Qut into new field~ and enlaqdnl! its interest 

in old ones. Nevertheless, the corporation rests on 
a sound hase of well·estahlished e~mmercial 

produ('ts, which provide the ECA engineer with 
stalJility, and assure him of ('ompensation 

on a hil!h industrial pay scale. 

There are now a lew positions open 
lor electronic engineers with a 
good theoretical backgrollnd and 
a lew years' experience. Address all 
inquiries to: Mr. W. F. DaL'is, Dept . .Jn9 

ELECTRONICS 
CORPORATION 
OF AMERICA 

77 Broadway Cambridge 42, Mass. 



P A T·E N'T S 

Hans Schroeder 
Milwaukee, Wisconsin 

The following is a compilation of patents per­
taining to computers .and assocIated equipme n t 
from the Official Gazette of the United States 
Patent Office, dates,of issue as indicated. 
Each entry consists of: patent number / invent-

I or{s) / assignee / invention. 

January 25, 1955: 2,700,502 / F E Hami 1 ton, 
Binghamton, and R R Seeber, Jr, New Yo r k, 
N Y / Int'l Business Mach Corp, New Yo r k, 
N Y / Digit shifting means 

2 700 503 / L P Crosman, Darien, Conn / Reming­
'ton'Rand Inc, New York, N Y / Circui t fo r 
multiplying numbers in binary form 

2,700,504 / G I Thomas, Hollinwood, England / 
Nat '1 Research Development Corp, Lon don , 
England / Circuit for multiplying numbers in 
binary form 

2,700,703 / H W Nordyke, Jr, Poughkeepsie,NY / 
Int'l Business Mach Corp, New York, NY' / 
Magnetic pickup head, the reluctance of whose 
ison path can be varied 

2,700,738 / B L Havens, Closter, N J / In t ' 1 
Business Mach Corp, New York, N Y / End cell 
for ultrasonic delay line 

2,700,756/ EEstrems, St-Mande, France/ Int'l 
Business Mach Corp, New York, N Y / Numbe r 
comparing device 

February 1, 1955: 2,701,095 / G R Stibitz,Bmci­
ington, Vt / - / Electronic computer for ~i­
vision 

2,701,098 / C ij Townes, Chatham, N J / Bel 1 
Tel Labs, Inc, New York, N Y / Computer for 
determining the position of a knm",m concealed 
ground target 

2,701,328 / T E Woodruff, Redondo Beach, Wif / 
Hughes ,Aircraft Co / Antihunt means for elec­
tric motor follow-up systems 

February 8. 1955: 2,701,853 / E Souczek, Vi­
enna' Austria / 1/2 to A J Herz, Chic ago , 
Ill/Follow-up system having two 0 r m 0 r e 
inputs 

February 15. 1955: 2,702,158' / D F Win ~ e r , 
St Louis, Mo ( A B Du Mont Labs, Inc, Clifton, 
N J / Electronic computer of the cathode rar 
tube type " 

2,702,367 / W K Ergen, Oak Ridge, Tenn / Radio 
Corp of America / Electronic counter 

2,702,380 / J A Brustman, Narbeth, .Pa, and Kun 
Li Chien, Haddonfield, N J / RadIO Cor p 0 f 
America / Data trans lating sys.tem (reads per­
forated card) 

- END -

MANUSffiIPTS 

We are interested in articles, papers, and 
fiction relating to computers and automation. 
To be considered for any particular issue, the 
manuscript should be in our hands by the fifth 
of the preceding month. 

Articles. We desire to publish articles that 
are factual, useful, understandable, and inte­
resting to many kinds of people engaged in one 
part or another of the field of computers and 
automation. In this audience are many people 
who have expert knowledge of some part of the 
field, but who are laymen in other parts of it. 
Consequently a writer should seek to ' explain 
his subject, and show its context and signifi­
cance. He should define unfamiliar terms, or 
use them in a way that makes their meaning un­
mistakable. He should identify unfamiliar per­
sons with a few words. He should use examples, 
details, comparisons; analogies, etc.,whenever 
they may help readers to understand a difficult ~ 
point. He should give data supporting his ar­
gument and evidence for his assertions. We 
look particularly for articles that explore 
ideas in the'field of computers and automation, 
and their applications and implications. An 
article may certainly be controversial if the 
subject is discussed reasonably. Ordinarily, 
the length should be 1000 to 4000 words, and 
payment will be $10 to $40 on publication. A 
suggestion for an article should be submitted 
to us before too much work is done. 

Technical Papers. Many of the foregoing r e­
quirements for articles do not necessarily ap­
ply to technical papers. Undefined technical 
terms, unfamiliar assumptions, mathematics, 
circuit diagrams, etc., may be entirely appro­
priate. Topics interesting probably to only a 
few people are acceptable. No payments will 
be made for papers. If a manuscript is'bor~­
line, it may be returned to the author to be 
modified to become definitely either an article 
or a paper. 

Fiction." We desire to print or reprint fiction 
which explores ideas about computing machinery, 
robots, cybernetics, automation, etc., and 
their implications, and which at the same time 
is a good story. Ordinarily, the length should 
be 1000 to 4000 words, and payment will be $10 
to $40 on publication if not previously pub­
lished, and half that if previously published. 
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For Recording 
and Storing 
Digital Dat~ 

A complete assembly in .. 
. eluding reels, tape,' six .. 
channel magnetic record .. 
ing head, slack absorbing 
mechanism, photo reading 
head, controls and built-in 
power supply. Designed 
for automatic operation by 
pulsed input signals or 
manual control. Panel 
mounted for installation in' 
standard 19" wide radio 
relay rack. 

WriJe for Bulletin DL-Y-5 

fECHNICAl SALES DEPARfMENf 

OTHER BULLETINS 
Binary-Octal Calculator 
Magnetic: Recording Heads 
Magnetic: Shift Register 
Computing Services 

Dl-Y-l 
Dl-Y-2 
DL-Y-3 
Dl-Y-4 

RAY ,. 'H", E 0 
Write lor Them 

MA N,U FAC T URI N G"n~, 
W A L T HAM, MAS $, A, C' 

~-------------------------------------------* ------------------------------------------* 
PUBLICATIONS: Symbolic Logic, Computers, Robots, etc. 

BRIEF - FILLED W ITH INFOmlATIO~ - CLEA~R - SCIENTIFIC -
RETURNABLE WITHIN WEEK FOn FULL REFUND 

You can see them for the asking -- Why not take a look at them? 

P 5: BOOLEAN ALGEBRA (THE lECHNIQUE FOR MANIPULAT­
ING 'AND'" 'OR', 'NOT', AND CONDITIONS) AND APPLI­
CATIONS TO INSURANCE: also DISCUSSION.- Reprint. 
Explains in simple language: what Boolean algebra 
is; how to recognize the relations of Borue~n alge­
bra when expressed in ordinary words; and how to 
calculate with it. Contains problems, solutions, 
comments, discussion. • •••• $1.50 

P 4: A SUMMARY OF SYMBOLIC LOGIC AND ITS PRACTICPL 
APPLICATIONS. Report. Rules for calculating with 
Boolean algebra. Other parts of symbolic log i c. 
Applications of Boolean algebra to computing mach­
inery, circuits, and contracts. Many complete 
problems and solutions. • •••• $2.00 

P 14: CmCUIT ALGEBRA -- IN1RODUCTION. Re p 0 r t • 
Explains simply a new algebra (Boolean alge bra 
modified to include time) that ap pI ie s to on-off 
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circuits, using relays, electronic tubes, rectifi­
ers, gates, flip-flops, delay lines, etc. Covers 
both static and sequential circuits. Applications 
to control, programming, and computing. Problems 
and solutions involving circuits. • •••• $1.90 
-------------------------------------------------
Berkeley Enterprises, Inc. 
815 Washington St., R1l5, Newtonville 60, Mass. 

Please send me your publications circled-
P4 P5 P14 and 

( ) your announcement of publications. 

Returnable in sevep days for full. refund if not 
satisfactory. I enclose $ _______ In full payment. 
(Add 10¢ per item to cover cost of handl ing and 
mailing .) 

My name and address are attached. 



BOOKS AND OTHER PUBLICATIONS 
(continued from page 44) 

Accounting on the Type 650 Magnetic Dr u m 
Data-Processing Machine" in the "J ourn a 1 
of the Association for Computing Machinery", 
Vol. 1, No.4, October 1954 / Associatio n 
for Computing Machinery, 2 East 63 St., New 
York 21, N. Y. / photooffset, pp 173-176, 
$5 annually to members of the Association 
$10 annually to non-members, $2.50 per s in­
gle copy 

An exposition of accounting for cust­
omers of public utili ties. The a­
chievements included reduced amo u n t 
of card handling compared with current, 
methods 0 and the replacement of ove r 
twenty separate files being maintained 
by many companies. 

,Heumann, Gerhart W. / Magnetic Control of In­
dustrial Motors / John Wiley & Sons, Inc., 
440 Fourth Ave., New York 16, N. Y. / second 
edition, 19S4, printed, 714 pp, $9.50 

This is one of the Gene ra 1 Electri c 
Series written for the advancemen t 0 f 
engineering practice. Introductor y 
chapters review the external character­
istics af industrial motors, followe d 
by a discussion of devices and compon­
ents. Basic control circuits are de­
veloped and combined to produce general 
and special purpose controllers. 

- END -

*-----------*----------* 

BULK SUBSCRIPTION RATES 

These rates apply to subscriptions coming in 
together direct to the publisher. For exampl~, 
if 5 subscriptions come in together, the sav­
ing on each one-year.subscription will be 25 
percent, . and on each two-year subscription will 
be 33 percent. The bul k subscription rate s , 
depending on the number of simul taneous s ub -
scriptions received,.are shown below: 

Table 1 -- Bulk Subscription Rates 
(United States) 

Number of 
Simultaneous 
Subscriptions 

10 or more 
5 to 9 

4 
3 
2 

Rate for Each Subscription,and 
Resulting Saving to Subscriber. 

One Year TWo Year 

$3.00, 33% 
3.38, 25 
3.75, 17 
4.00, 11 
4.25, 5 

$5.40, 400/0 
6.00, 33 
7.00, 22 
7.50, 17 
8.00, 11 

For Canada, add 50 cents for each year; out­
s ide of the Uni ted States and Canada, add $1:.00 
for each year. 

\ \ 

-'''''"''''''''''"''''~t 
~ ercntitc enginccring ~ 
, Opportllnitics . , 
~ witlt /(cpllblk . ~ 

~ ~ 
~ ~ 
~ Senior Computing Engineer ~ 
~ Administrative and supervisory position ~ 
~ with excellent opportunity in a rapidly ~ 
~ expanding large-scale digital computing ~ 
~ laboratory. Position involves important ~ 
~ responsibility where knowledge of com- _ ~ 
~ puting equipment and methods must be ~ 

~
~ utilized for maximum efficiency of total ~~ 
~ operation. Computing applications cover ~ 

a wide range of complex technical prob- ~ 
~ lems associated with supersonic air- ~ 
~ craft, so that ability to develop effective ~ 

~
~ liaison with engineering personnel is ~~ 
~ essential. Suitable experience in a com- ~ 

puting installation on a supervisory level ~ 

~ is essential, along with sound mathema- ~ 
~ tical background. ~ 

I Senior Mathematic:ian ~ 
~ Outstanding opportunity for a person ~ 
~ with real mathematical ability. Here's ~ 
~~ your chance to build a firm professional ~~ 
~ background in Applied Mathematics by ~ 
~ working with Engineers in the Mathema-
~ tical formulation of complex problems ~ 
~ for high speed digital computers. Deal- ~ 
~ ing with the complex problems assoriat- ~~ 
~ ed with supersonic aircraft is a real 
~ professional challenge and the person ~ 

~ with outstanding ability can earn rapid, ~ 
~ solid advancement. An Ma. or PhD. in ~ 

~ Mathematics is required and computing ~ 
~ experience is desirable but not essential. ~ 

I ~ 
~ ~ ~ Computer' Engineer ~ 
~ To supervise maintenance and to design. ,-:. 
~ special circuitry for computers. Experi- ~ 
~ ence with either analogue or digital ~ 
~ ~~:;~~::~~ required. College graduate ~ 

~ Please address complete resume, ~~ 
~ • outlining details of your ~ 
~ 0: technical background, to: 

~ ~ A~~j!~t~~t!?~~~~e~r ~ 
~ "E""~LI6;: A I/IA1rI~"" ~ 
~ FARMINGDALE, LONG ISLAND, NEW YORK ~ 

~~'''''''''''''''''''~. - 48 - ' 



We think machines are wonderful. 

but PEOPLE WITH KNOW HOW~ are more important. 

Our wonderful 407'5. 604'5, 101'5. 024'5. etc .• 

and our ever more important PWKH'S~ are 

'as close as air express and your telephone. 

SOME OF THE PEOPLE 
WHO USE OUR PWKH's* 

American Telephone & Telegraph 

Western Electric 

Waterfront Comm. of N. Y. Harbor 

Loyalty Group of Newark 

Westinghouse 

Pension Planning Co. 

Michigan Mutual Ins. Co. 

FULL FACE AND PROFILE 
OF ONE OF OUR PWKH's* 

Mel Forman: age 27 - Ac­

count Executive - two years 

with MSC - previously super­

visor for five years of a $6,000 

a month IBM installation in an 

#,' insurance company 

MACHINE STATISTICS CO. 
27 l'HAMES STREET 

New York 6, N. Y. 

Tel. COrtlandt 7-3165 

The independent punch card tabulating service bureau that has come the 

. fastest with the mostest 
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--------

Forum: 

TO PROGRAM OR NOT TO PROGRAM 

Bill Danch, 
Munich, Germany 

I 2)oCTtJF' \ 
O.P 

/I~~ ?5ycH/Ar~ 

------::: 

----
" -- I keep dreaming I'm an automatic computer and handsome men keep trying to program me~" 
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Perfecting TOl11orro",,'s Turbines 

Many, complex and intricate computa­
tions are required to evaluate test cell 
runs ... to d.esign turbines with ever­
increasing efficiency of -performance. 
Univac Scientific is the ideal electronic 
computing system for the task. It can 
easily accomplish these. feats of mathe­
matics - and solve the many problems 
encountered in data reduction, com­
pressor off-design, turbine I off-d~sign, 

wheel design and analysis, and engine 
performance. 

Because of its ability to reduce large 
volumes of data at tremendous spe~ds, 
the Univac Scientific System easily han­
dles even the most difficult research 
problems. Its speed is matched by many 
other outsta~ding characteristics, 
including: superb operating efficiency, 
obtained through large storage capacity 

... great programming versatility ... the 
ability to operate simultaneously with 
a wide variety of input-output devices 
. \ . and far greater reliability than any 
computer in its class. 

For more information about the 
Univac Scientific System or for infor­
mation about how you might apply the 
system to your particular problems, 
write on your business letterhead to ... 

ELECTRONIC COMPUTER DEPARTMENT ~ ~; ROOM 1433. 315 FOURTH AVE .• NEW YORK 10' 
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MAKE YOUR OWN BABY GENIUS COMPUTERS WITH 

GENIAC 
Electric Brain C,onstrnction Kit No. I 

SCIENTIFIC -- ENTERTAINING -- INSTRUCTIVE -- SAFE -- INEXPENSIVE 

This kit is an introduction to the design of arithmetical, logical, reasoning, computing, puzzle­
solving, and game-playing circuits for: 

BOYS -- STUDENTS -- SCHOOLS -- COLLEGES -- DESIGNERS 

The kit is simple enough for intelligent boys to assemble, and yet is instructive to compu t e r 
men because it shows how many kinds of computing and reasoning circuits can be made from simple 
components. 

The kit is the outcome of four years of design and development work with small robots by Berkeley 
Enterprises, Inc., publisher of "Computers and Automation", with the assis tance of Toy De velop­
ment Co. 

With this kit and manual, you can easily make dozens of small electric brain machines that ex­
hibi t int.elligent behavior. Each runs on one flashlight battery. All connections with nuts and 
bolts; no soldering required. Price, $15.95 -- returnable in seven days for full refund if not 
satisfactory. 

SOME OF TIlE SIMPLE ELECTRIC BRAIN 
MACHINES THAT YOU CAN MAKE WITH TIlE 
'GENIAC KIT AND THAT ARE DESCRIBED 

IN TIlE MANUAL 

Logic Machines 
Comparing 
Reasoning 
Syllogism Machine 
Intelligence Testing 

Cryptographic Machines 
Secret Coder 
Secret Decoder 
Combination Locks 

Game Playing Machines 
Tit Tat Toe 
Nim 

Arithmetic Machines (Decimal and Binary) 
Adding Machine 
Subtracting Machine 
MUltiplying Machine 
Dividing Machine 
Arithmetical Carrying 

Simple Circui ts 
Burglar Alarm 
Automatic Oil Furnace Circuit, etc. 

Puzzle Machines 
The Space Ship Airlock 
The Fox, Hen, Corn, and Hired Man 
Douglas Macdonald's Will 
The Uranium Shipment and the Spa c e 

Pirates 

MANUAL 

"GENIACS -- Simple Electric Brain Machines 
and How to Make Them" by Edmund C. Berkele y , 
published by Berkeley Enterprises,Inc.March, 
1955, 64 pp. -- Describes over 30 small elec­
tric brain machines that reason arithmetically 
or logically, solve puzzles, play games, etc. 
Each machine operates on one flashlight bat­
tery. Gives sufficient details so that each 
machine can be constructed with the materials 
in Geniac Kit No. 1 or with other materials. 

PARTS LIST 

1 Manual 
6/ Multiple Switches, of a-new design 
1 Mounting Panel 
1 Flashlight Battery 
1 Battery Clamp 
10 Flashlight Bulbs 
10 Bulb Sockets 
50 Feet of Insulated Wire 
Nuts, Bolts, Jumpers, and other necess­

ary hardware 

(NO SOLDERING REQUIRED -- COMPLETELY SAFE) 

---------Mail this Request Qr a Copy of It-----­
Berkeley Enterprises, Inc. 
815 Washington St., S107, Newtonville 60, Mass. 
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Please send me Geniac Kit No. 1 and Manual. 
I enclose $15.95 in full payment. (If in good 
condition, returnable in seven days for full 
refund.) My name and addres§ are attached. 
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COMPUT~RS AND AUTOMATION Back Copies 
ARTICLES AM) PAPERS: December, 1953: How a Cen­

tral Computing Laboratory Can Help Industry 
-- Richard F. Clippinger ' 

"Combined" Operations in a Life Insurance Com­
pany Instead of "Fractured" Operations ,-- R. 
T. Wiseman 

"Can Machines Think?": Discussion -- J. L. Rog­
ers and A.~. Householder 

January. 1954: The End of an Epoch: The J 0 i n t 
Computer Conference, Washington, D.C., De­
cember, 1953 -- Alston S. Householder 

Savings and Mortgage Division, American Bankers 
Association: Report of the Comndttee on Elec­
tronics, September, 1953 -- Joseph E. Perry 
and Others 

Automation in the Kitchen -- Fletcher Pratt 
February: Language Translation by Machine: A Re­

port of the First Successful Trial -- Neil 
Macdonald 

Reflective Thinking in Machines -- Elliot L. 
Gruenberg 

Glossary of Terms in Computers and Automation: 
Discussion -- Alston S. Householder and E. 
C. Berkeley , 

March: Towards More Automation in Petroleum In­
--dustries -- Sybil M. Rock 

Introducing Computers to Beginners -- Geoffrey 
Ashe _ 

Subroutines: Prefabricated Blocks for'Building 
-- Margaret H. Harper 

Glossaries of Terms: More Discussion -- Nath­
aniel Rochester, Willis H. Ware, Grace M. 
Hopper and Others 

April: Processing Information Using a Common. 
Machine Language: The American Manage men t 
Association Conference, February, 1954-­
Neil Macdonald 

The Concept of Thinking -- Elliot L. Gruenberg 
General Purpose Robots -- Lawrence M. Clark 

May: Ferrite Memory Devices -- Ephraim Gelbard 
Bnd William Olander -

Flight Simulators -- Alfred Pfanstiehl 
Autono~ and Self Repair for Computers -- Ellbt 

L. Gruenberg 
A Glossary of Computer Terminology -- Grace M. 

Hopper 
July: Human Factors in the Design of Electronic 

Computers -- John Bridgewat~r 
What is a, Computer? -- Neil Macdonald 

September: Computer Failures -- Automatic In­
ternal Diagnosis (AID) -- Neil Macdonald 

The Cost of Programming and Coding -- C. C. 
Gotlieb 

The Development and Use of Automation by Ford 
Motor Co. -- News Dept., Ford Motor Co. 

Reciprocals -- A. D. Booth 
October: Flight Simulators: A New Field -- Alfred 

Pfanstiehl 
Robots I Have Known -- Isaac Asimov 
The Capac'i ty of Computers Not to Think -- Irv­

ing Rosenthal, John H. Troll 
November: Computers in Great Bri tain -- Sta n ley 

Gill ' 
Analog Computers and Their Application to Heat 

Transfer and Fluid Flow -- Part 1 -- John E. 
Nolan 

All-Transistor Computer -- Neil Macdonald 
December: The Human Relations of Computers and 

Automation -- Fletcher Pratt 
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Analog Computers and Their Application to Heat 
Transfer and Fluid Flow ~ Part 2 -- John E. 
Nolan 

Economies in Design of Incomplete Selection C~ 
cuits with Diode Elements -- Arnold I. Dum~ 

January. 1955: Statistics and Automatic Compu­
ters -- Gordon Spenser 

Eastern Joint Computer Conference, Philadelphm, 
Dec. 8-10, 1954 -- Milton Stoller . 

The Digital Differential Analyzer -- George F. 
Forbes 

A Small High-Speed Magnetic Drum -- M. K. Tay-­
lor 

An Inside-out Magnetic Drum -- Neil Macdonald 
February: Problems for Students of Computers -­

John W. Carr, III 
Recognizing Spoken So~nds by Means of a Compu­

ter -- Andrew D. Booth 
The Significance of the New Computer NORC -­

W. J. Eckert 
The Finan-Seer -- E. L. Locke 
Approaching Automation in a Casualty Insurance 

Company -- CarlO. Orkild 
March: Question -- Isaac Asimov 

Computers and Weather Prediction Bruce 
Gilchrist 

Random Numbers and Their Generation -- Gordon 
Spenser 

Problems Involved in the Application of Elec­
tronic Digital Computers to Business Opera­
tions -- John M. Breen 

Computers to Make Administrative Decisions? 
-- Hans Schroeder 

REFERENCE INFORMATION (in various issues): 

Roster of Organizations in the Field of Com­
puters and Automation / Roster of Automatic 
Computring Services / Roster of Magazines Re­
lated to Computers and Automation / Automa­
tic Computers: List / Automatic Computers: 
Estimated£ommercial population / Automatic 
Computing Machinery: List of Types / Compo­
nents of Automatic Computing Machinery: LUt 
of Types / Who's Who in the Field of Compu­
ters and Automation / Automation: List of 
Outstanding Examples '/ Books and Other Pub­
lications / Glossary / Patents 

BACK COPIES: Price, if available, $1.25 each. 
Vol. 1, no. 1, Sept. 1951, to vol. 1, no. 3, 
July, 1952: out of print. Vol. 1, no. 4, ~t. 
1952: in print, Vol. 2, no. 1, Jan. 1953, to 
vol. 2, no. 9, Dec. 1953: in print e xc ept -
March, no. 2, and May, no. 4. Vol. 3, no. 1, 
Jan. 1954, to vol. ,3, no. 10, Dec. 1954: in 
print. Vol. 4, 1955: in print. 

A subscription (see rates on page 4) may be 
specified to begin with this month's or last 
month's issue. 

WRITE TO: 

Berkeley Enterprises, Inc. 
Publisher of COMPUTERS AND AUTOMATION 

·36 Wes't 11 St., New York 11, N.Y. 



andersen SOLID ULTRA-SONIC DELAY LINES 

Andersen engineers will be 
glad to design delay lines to 
meet your specifications, or 
assist you with special research. 

Andersen solid ultrasonic delay lines offer proven advantages for 
pulse storage in digital computers and special instruments. 

DELAY TIMES: 1 to 3300 microseconds. 

BANDWIDTHS: Up to 100% of the carrier frequency in some cases. 

INSERTION LOSSES: Usually specified between 25 and 60 db. 

CARRIER FREQUENCIES: From 5 to 70 mc. 

Specifications for a typical computer line, in production: 384.6 
microseconds delay; 30 mc. carrier, with 7 mc. bandwidth; insertion 
loss 48 db, with all spurious signals down at least 34 db with 
respect to desired signals. 

Do you have a problem in ultrasonics? Write today for new bulletin 
on solid ultrasonic delay lines. 

39-C Talcott ~oad 

WEST HARTFO'RD 10, CONN. 

Phone ADams 3-4491 , 
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ADVERTISING IN ~~COMPUTEJlS AND AUTOMATION~~ 

Memorandum from Berkeley Enterprises, Inc. 
Publisher of cO'.IPrTERS A.NO Af:TO\1ATION 

36 West 11 St., New York 11, N. Y. 

1. What is "COMPUTERS AND AUTOMATION"? It is 
a monthly mag a z i n e containing articles and 
reference information related to com put in g 
machinery, robots, automatic con t ro 11 e r s , 
cybernetics, automation, etc. One important 
piece of reference information publis he dis 
the '~Roster of Organizations in the Fie 1 d of 
Computers and Automation". The basic subscrip­
tion rate is $4.50 a year in the United States. 
Single copies are $1.25. For the titles of 
articles and papers in recent issues 0 f the 
magazine, see the "Back Copies" page in t his 
issue. 

2. What is the ~irculation? The circulation 
includes 1300 subscribers (as of Mar. 15); over 
300 purchasers of individual back copies; and 
an estimated 2000 nonsubscribing readers. The 
logical readers of, COMPUTERS AND AUTOMAT ION 
are people conc~rned wi th the field of computers 
and automation. These include a great number 
of people who will make recommendati 0 n s t 0 

their organizations about purchasing comput~ 
machinery, similar machinery, and components, 
and whose decisions may involve very substan­
tial figures. The print order for ,the Ma rc.h 
issue was 2100 copies. The overrunis largely 
held for eventual sale as back copies, and in 
the case of several issues the overr u n has 
been exhausted through such sale. 

3. What type of advertising does COMPUTE R S 
AND AUTOMATION take? The purpose c: the mag­
azine is to be factual and to the point. For 
this purpose the kind of adve~tising wanted is 
the kind that answers questions factually. We 
recommend for the audience that we reach, that 
advertising be factual, useful, interesting, 
understand~ble, and new from issue to issue. 

4. What are the 'specifications and cost of 
advertis ing? COMPUTERS AND AUTOMATION is pub­
lished on pages mf" x 11" (ad 'size, 7" x 10") 
and produced by photooffset,exceptthat print­
ed sheet advertising may be inserted and bound 
in with the magazine in most cases. The clos­
ing date for any issue is approxima tely the 
10th of the month preceding. If possible, the. 
company advertising should produce final copy. 
For photooffset, the copy should be exa c t 1 y 
as desired, actual size, and assembled, and 
may include typing v writing, line drawing, 
printing, screened half tones, and any oth e r 
copy that may be put under the' phdt 00 f f set 
camera without further preparation. Unscreened-

photographic prints and any other copy requir­
ing additional preparation for phot 00 f f set 
should be furnished separately; it will be pre­
pared, finished, and charged to the advertiser 
at small additional costs. In the case 0 f 
printed inserts, a sufficient quantity for the 
issue should be shipped to our printer, address 
on request. 

Display advertising is sold in units of full 
pages {ad size 7" x 10", basic rate, $170)and 
half pages (basic rate, $90); b~k cover, $330; 
inside front or back cover, $210. Extra for 
color red (full pages only and only in certain 
positions), 35%. Two-page printed insert (one 
sheet), $290; four-page printed ins e r t (two 
sheets), $530. Classified advertising is sold 
by the word (50 cents a word) with a minimum 
of ten words. We reserve the right not to ac­
cept advertising that does not meet our stand­
ards. 

5. Who are our advertisers? Our advertisers 
in recent issues have included the followin g 
companies, among others: 
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The Austin Co. 
Automatic Electric Co. 
Burroughs Corporation 
Cambridge Thermionic Corp. 
Federal Telephone and Radio Co. 
Ferranti Electric Co. 
Ferroxcube Corp. of America 
General Ceramics Corp. 
General Electric Co. 
Hughes Research and Development Lab. 
International Business Machines Corp. 
Laboratory for Electronics 
Lockheed Aircraft Corp. 
Logistics Research, Inc. 
Machine Statistics Co. 
Monrobot Corp. 
Norden-Ketay Corp. 
George A. Philbrick Researches,' Inc. 
Potter Instrument Co. 
Raytheon Mfg. Co. 
Reeves Instrument Co. 
Remington Rand, Inc. 
Sprague Electric Co. 
Sylvania Electric Products, Inc. 
Telecomputing Corp. 
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Mathematical Analyst Keith Kersery loads 
jet transport flutter' problem into one 
of Lockheed's two 701 'so On order: two 
704's to help keep Lockheed in fore­
front of numerical analysis and pro­
duction control data processing. 

New 701's speed 
Lockheed research 
numerical analysis 

• In 

The first airframe manufacturer to order and receive a 701 digital 
computer, Lockheed has now received a second 701 
to handle a constantly increasing computing w?rk load. 
It·gives~Lockheed the largest installation of digital computing 

machines in private industry. 

Most of the work in process is classified. However, two significant 
features to the career-minded Mathematical Analyst are: 1) the 
wide variety of assignments caused by Lockheed's diversification 
and 2) the advanced nature of the work, which consists mainly 
of developing new approaches to aeronautical problems. 

Career Opportunities for' Mathematical Analysts 

Lockheed's expanding development program in nuclear energy, 
turbo-prop and jet transports, radar seaTch planes, supersonic aircraft 
and other classified projects h~s created a number of openings for 
Mathematical Analysts to work on the 701's. 

Lockheed offers you attractive salaries; generous travel and moving 
/ allowances; an opportunity to enjoy Southern California life; and an 
extremely wide range of employee benefits which add approximately 
14% to each engineer's salart in the form of insurance, . 
retirement pension, siCk leave\rith pay, etc. 

Those interested are inyited to write E. W. Des Lauriers for a brochure 
describing life and work at Lockheed and an application form. 

LOCKH EED AI RC RAFT CO RPO RATIO N 

BURBANK CALIFORNIA 
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ADVER:TISING INDEX 
The purpose of COMPUTERS AND AUTOMATION is to be 
factual, useful, and understandable. For this 
purpose, the kind of advertising we desire to pub­
lish is the kind that 'answers questions, such as: 
What are your products? What are your services? 
And for each product, What is it called? W ha t 
does it do? How well does it work? What are its 
main specifications? We reserve the right not to 
accept advertising that does not meet our stand­
ards. 

Following is the index and a summary of advertis~ 
ments. Each item contains: Name and address of 
the advertiser / subj ect of the advertisement / 
page number where it appears / CA number in case 
of inquiry (see note below). 

Aircraft-Marine Products, Inc., 2100 Paxton St., 
Harrisburg, Pa. / Universal Patchcord Program­
ming Systems / page 47 / CA No. 16 

Andersen Laboratories, Inc., 39-C Talcott Rd., 
West Hartford 10, Conn. / Solid Ultrasonic De­
lay Lines / page 55 / CA No. 17 

Berkeley Enterprises, Inc., 36 West 11 St., New 
York 11, N.Y. / Publications, Geniac / page 47, 
52 / CA No. 18 

Cambridge Thermionic Corp., 447 Concord Ave., Cam­
bridge 38, Mass. / Electronic Components / page 

. 59 / CA No. 19 
Classified Advertising / page 40 
Computers and Automation, 36 West 11 St., New Ymk 

11, N.Y. / Back Copies, Advertising, Reply Form 
/ pages 54, 56, 58 / CA No. 20 

Electronics Corp. of America, 77 Broadway, Cam­
bridge 39, N.Y. / Help Wanted / page 45 / CA 
No. 21 

Ferroxcube Corp. of America, East Bridge St •. ~ Sau­
gerties, N.Y. / Magnetic Core Materials / page 
55 / CA No. 22 . 

General Electric Co., Tube Dept., Schenectady 5, 
N.Y. / Computer Tubes / page 2 / CA No. 23 

Hughes Research and Development Laboratories, Cul­
ver City, Calif. / Help Wanted / page 45 / CA 
No. 24 

Lockheed Aircraft Corp., Burbank, Calif. / Career 
Opportunities / page 57 / CA No. 25 

Machine Statistics Co., 27 Thames St., New York, 
N.Y. / Punch Card Tabulating Services / page 49 
/ CA No. 26 

Norden-Ketay Corp., 99 Park Ave., New York 16, N.Y. 
/ Servo-Mechanism Components / pages 29, 30, 31, 
32 / CA No. 27 

Raytheon Mfg. Co., Foundry Ave., Waltham, Mass. / 
Tape Handling Mechanisms / page 47 / CA No. 28 

Remington Rand, Inc., 315 4th Ave., New York 10, 
N.Y. / Univac / page 45 / CA No. 29 

Republic Aviation Corp., Farmingdale, L.I., N.Y./ 
Help Wanted / page 48 / CA No. 30 

Sprague Electric Co., 377 Marshall St., North Ad­
ams, Mass. / Miniature Pulse Transformers / page 
60, back cover / CA No. 31 , 

Sylvania Electric Co., 1740 Broadway, New York l~ 
N.Y. / Power Transistors / page 5 / CA No. 32 

If you wish more information about any products or 
services mentioned in one or more of these adver­

\ tisements, you may circle the appropriate CA No. 's 
on the Reader's Inquiry Form below and send that 
form to us (we pay postage; see the instructionsl 
We shall them forward your inquiries, and you will 
hear from the advertisers direct. If you do not 
wish to tear the magazine, just drop us a line on 
a postcard. 

*---------------------------------------------*---------------------------------------------* 
REPLY FORr.5: 

Paste label on envelope:~ 
Who's Who Entry; Reader's Inquiry 

Enclose form in evelope:! 
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IDENTIFICATION 

Name (please print) ........................ . 

Your Address? ........................... . 

Your Organization ? .................. . 

Its Address? ........................ . 

Your Title? .................................. . 

WHO'S WHO ENTRY FORM 
YOUR MAIN COMPUTER INTERESTS? 
( ) Applications () Electronics 
( ) Business ( ) logic 
( ) Construction () Mathematics 
( ) Design ( ) Programming 

) Sales 

) Other (specify): 

College or last school? ........ . . .. . . . .. .. . ................ ' ... . 

Year entered the computer field? . . .. Year of birth? 

Occupation? ..................................... Anything else? (publications, distinctions, etc?) 

READER'S INQUIRY FORM 
Please send me additional information on the following subiects for which I have 
circled the CA number: 
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Nerve ends for magic brains 
Jj 

Looking for the latest in Electronic 
Component Engineering? 

Now C.T.C. has available for Com­
puter and Automation Engineers a 
versatile working combination of top re­
searchers and practical down-to-earth 
experts on components for every elec­
tronic need. 

Do your designs call for printed cir­
cuitry or regular electronic circuitry? 
C.T.C. can handle your component 
problem, complex or simple, big or small. 

For example, one of the country's 
leading technical institutes recently 
chose C. T. C. to design and make a spe­
cial diode clip. Until C.T.C. licked the 
problem no satisfactory component 
had been made. 

To suit streamlined, modern design 
of electronic control, C.T.C. specializes 
in miniaturization of space-saving, time­
saving, versatile components. 

Chances are C.T.C. may have solved 
a problem similar to yours and has the 
components you need now or can de­
sign and make them. Many C.T.C. cus­
tom components have been found so 

adaptable for uses other than the origi­
nal that they have been "generalized" 
to become standard with the electronics 
industry. 

You benefit from proven production 
quality controls which assure you adapt­
able guaranteed components - custom or 
standard. C.T.C. products include in­
sulated terminals, coil forms, coils, 
swagers, terminal boards, diode clips, 
capacitors, and a wide variety of hard­
ware items. 

Repeated testing of all C.T.C. com-

ponents at every stage of manufacture 
is your guarantee of dependable per­
formance. C.T.C. can be of great help 
to you. • 

For the answer to your component 
needs - and for samples, specifica­
tions and prices - write today to Sales 
Engineering Dept., Cambridge Ther­
mionic Corporation, 430 Concord Ave., 
Cambridge, Mass. On West Coast, con­
tact E. V. Roberts, 5068 West Washing­
ton Blvd., Los Angeles 16 or 988 Market 
Street, San Francisco, California. 

CAMBRIDGE THERMIONIC CORPORATION 

makers 0/ guaranteed electronic components, 
custom or standard 
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choose from this complete line of 

NOW YOU CAN CHOOSE from eighteen standard pulse transformers in four major 
construction styles, all in quantity production at Sprague. The standard transformers 
covered in the table below offer a complete range of characteristics for computer circuits, 
blocking oscilla.tor circuits, memory array driving circuits, etc. 

These hermetically sealed units will meet such stringent military specifications as 
MIL-T-27, and operate at temperatures up to 85°C. Special designs are available for high 
acceleration and high ambient temperature operation. In addition, the electrical counter­
parts of each transformer can be obtained in lower cost- housings designed for typical 
commercial environment requirements. 

Complete information on this high-reliability pulse transformer line is provided in 
Engineering Bulletin 502A, available on letteFhead request to the Technical Literature 
Section, Sprague Electric Company, 377 Marshall Street, North Adams, Massachusetts. 

ELECTRICAL CHARACTERISTICS OF SPRAGUE PULSE TRANSFORMERS 

Sprague, on request, will 
provide you with complete ' 
application engineering serv­
ice for optimum results in the 
use of pulse transformers. 

0.50 0.05 1.2 mH 20,.,ll 

load and 
Output 

1 to 2 Me 15 volts 
100 ohms 

1 to 2 Me 20 volts 
100 ohms 

1 to 2 Me 20 volts 
200 ohms 

Typical 
Applications 

Used in digital 
'computer 
circuitry for 
impedance 
matching and inter­
stage coupling. 
Pulses are of 
sine wave type. 

SPRAGUE®~. 
Export for the Americas: Sprague Electric International ltd., North Adorns, Moss. CABLE: SPREXINT 

HPB'950B 


