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ELECTRONIC ANALOG COMPUTING COMPONENTS

FOR SYNTHESIS & ANALYSIS, PLANNING & PLOTTING, PROVING & IMPROVING
GAP/R Modular Components give remarkable flexibility of structure and application
roject and budget, and to all operating speeds

They adapt winningly to every size of p

perational Manifold offers
10 amplifiers for analog cal-
“ “culations. of - great variety.
"Very rapid to‘connect and to
use, this versatile unit is a
computing center in itself,

Regulated Power Supply
employs premium trans-
formers and inductors, plus
a high-stability regulat-
ing circuit. Capacity of this
Supply is sufficient for 4 of
the above Model HK.

The Model K2-W
Operational Amplifier is an
octal-based plug-in unit
which will serve as nucleus
for accurate feedback func-
tions. It has differential in-
puts, high DC gain, and
useful bandwidth over 100
KC. Other models include
the K2-X, which puts out
%100 V and more power.

The Model K2-P
Stabilizing Amplifier, used
in tandem with the above,
provides long term DC sta-
bility measured in micro-
volts. It installs directly in
the HK Manifold or in
other environments. We
also manufacture dozens of
other useful plug-in units in
this unique package.

THE K3 SERIES OF COMPUTING COMPONENTS

The Model K3-A Adding Component accepts
from one to 4 input voltages, and supplies
both plus and minus their instantaneous sum.

An additive constant may be set in manually.
All signal inputs and outputs are at the front,
and power is simply plugged in at the rear.
At the right is shown a utilizing system.

The Model K3-C Coefficient Component mul-
tiplies its input voltage by an adjustable con-
stant, and gives outputs which are positive
and negative versions of the instantaneous

product. The scale shows unity (the most
likely scale-factor) at the center, and sets y
readily down to zero and up to infinity.

The Model K3-B Limiting Component permits
the input voltage to be passed on directly to
the output whenever the input is within ad-
justable positive and negative bounds, but

otherwise holds the output fixedly at the
bound last exceeded. Such nonlinearities are
readily analyzed with .these handy tools.

The Model K3-J Integrating Component com-
putes plus and minus the time integral of
the input, at selected rates. An input is avail-
able for clamping, to set the starting point.

This unit serves, like our others, for fast or
slow operation. In this same modular form,
we offer 10 other fundamental types.

g Multiplying Component
computes 2 independent
voltage products, and will
§ also perform division. It
handles signals of both po-
larities, from DC to above
50 KC, with accuracies to
5% or better.

ee? Model FF
unctional Component pro-
duces an output voltage
which follows an adjustable
B instantaneous function of
the input voltage. The ad-
justment is simple and
direct. Applications abound
for nonlinear problems.

George A. Philbrick Researches,

GAP/R
STANDARD
products are too
numerous for a
single page. Includ-
ed are accessories
to fulfill all your

analog needs.

SPECIAL
equipment may be
engineered for new
or unusual applica-
tions.

ADVICE

is available on how
our methods may
: be applied to your

problems. Our staff
is experienced and
knowledgeable and
cooperative.

Inc,
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The Model
g Signal Component provides
stimuli and programming

SEE_ALSO }
MODEL CR commands for automatic
BELOW repetitive computing. It sets

initial conditions, and
checks all calibrations.

VOLTAGE SCALE

% COMPUTING TIME
ELECTRONIC GRAPH PAPER

For repetitive Analog solutions, this method
of display enables simultaneous plotting, to
high precision, of many corcurrent variables.
Calibration is automatic for time and voltage,
and is proof against all oscillographic errors.

For normal time-scale purposes, a variation
of this method is directly applicable. Known
best for High Speed, GAP/R methods are actu-

ally Pan-celerative -

J The Model CR CéRtral Re-
s sponse Component accepts
timing data from Model CS
(above), and up to 8 signals
for display; it generates the
calibrated graphical display
(as shown) for any ’scope.

COMPLETE
RACK ASSEMBLIES

230 Congress St., Boston 10, Méss.



COMPUTERS AND AUTOMATION

CYBERNETICS d ROBOTS o AUTOMATIC CONTROL

Vol. 4, No. 1 January, 1933

- ESTABLISHED SEPTEMBER, 1951 -

ARTICLES
Statistics and Automatic Computers «eo.Gordon Spenser 6
Eastern Joint Computer Conference, Philadelphia, Dec. 8-10, 1954 14
\ «ss Milton Stoller
A Small High-Speed Magnetic Drum eees M.K. Taylor 18
Finding Out That Something Exists ees Neil Macdonald 23
PAPERS
The Digital Differential Analyzer ..+ George F, Forbes 8
Truer Input Functions in Electronic Analog Computers ... T.J. Keefe, Jr. 27
Analog Computers and Their Application to Heat Transfer and 31
Fluid Flow -- Part 3 (Concluding Part) ««s John E. Nolan 31
REFERENCE INFORMATION
Patents ... Hans Schroeder 17
Roster of Automatic Computing Services 20
(cumulative)
Roster of Organizations in the Field of Computers and Automation 36
(supplement)
Books and Other Publications 40
FORUM
Binary Arithmetic «ee J.B. McCall 11
The Capacity of Computers to "Think" ... Russell Chauvenet 21
An Inside-Out Magnetic Drum ees Neil Macdonald 20
Automatic Literature Searhcing eee U.S. Dept. of Commerce 26
Decimal Places «ss Bill Danch 38
A Boon to Government .« Bill Danch 44
The Editor's Notes 4
Advertising Index 50
Editor: Edmund C. Berkeley Advisory Committee: Samuel B. Williams,
Assistant Editors: Eva Di Stefano, Neil Macdonald, Jack Herbert F. Mitchell, Jr., Justin
VMoshman, F. L. Walker Oppenheim

Contributing Fditors: Andrew D. Booth, John W, Carr, III, Alston S. Householder, Fletcher Pratt

Publisher: Berkeley Fnterprises, Inc.
36 West 11 St., New York 11, N.Y. -- Algonquin 4-7675
815 Washington St., Newtonville 60, Mass. -- Decatur 2 -5453 or 3918

Effective September 1, 1954, COMPUTERS AND AUTOMATION is published monthly, twelve times a year. Copyright,
1955, by Edmund Callis Berkeley. Subscription rates: $4.50 for one year, $8.50 for two years, in the United
States; $5.00 for one year, %9.50 for two years, in Canada; $5.50 for one year, %10.50 for two years else -
where. Advertising rates: see page 48.

Entered as second class matter at the Post Office, New York, N.Y.

-3 -



THE EDITOR’S NOTES

NATIONAL TELEMETERING CONFERENCE,
May, 1955

A "National Telemetering Conference',spon-

sored by the IRE, the AIEE, IAS, and ISA will
be held in Chicago May 13, 19 and 20, 1955.
' Papers are invited covering new development s
and ideas in the fields of remote control and
telemetering. The program will be organized
about the following main subjects:

1. Declassified developments in remote
control of guided missiles and aircraft, in-
cluding: guided missile data reduction; re-
ference systems for guidance; use of computers
for simulating remote control problems; all -
weather flight control; automatic landing of
aircraft.

2. Remote control in industry and busi-
ness, including: remote control aspects o f
an automatic factory; application to business
and industry of techniques developed in guided
missile work; telemetering systems; converting
remote information into computer input.

3. Instrumentation for flight testing of
aircraft, including handling of test data;and
programmed flight tests.

4. New components for telemetry such as:
transducers; transmission equipment; recording
equipment; data reduction equipment.

It is planned to have a distribution of
the Proceedings of the Conference in the hands
of advance registrants one week before the
meeting.

The chairman of the program committee is
Conrad H. Hoeppner, W. L. Maxson Corp., 460
West 34 St., New York 1, N. Y., to whom inqui-
ries in regard to papers and proposed abstracts
should be sent.

WESTERN JOINT COMPUTER CONFERENCE,
March, 1955

The Joint Western Computer Conference and
Exhibit will be held at the Statler Hotel, Los
Angeles, California, on March 1, 2, and 3,1955.
It is sponsored by the IRE, AIEE, and Associa-
tion for Computing Machinery. Pre-registration
fee is $2.50 and covers admission to lectures
and exhibits and a copy of the Tramsactions. The
main subject of the Conference is "Functions and
Techniques in Analog and Digital Comp ute rs".
Technical papers and discussions will include
descriptions of existing systems and techniques,
language and communication problems between ma-
chines, the possibilities of managerial and cam-
puter systems revision to achieve rapid inte-

gration, and new developments in analog compu-
ters and analog computing methods. The exhi~
bit will be limited to the products of manufac-
turers who make computers or major computer
sub-assemblies and will be open during the day
and evening hours. In addition to the techni-
cal sessions and the exhibit, there will be
evening field trips to major Los Angeles elec-
tronics firms, a cocktail party, and luncheons,
Those interested in attending should write
William Gunning, Conference Secretary, Inter -
national Telemetering Corp., 2000 Stoner Ave-
nue, Los Angeles 25, California. '

UNIVERSITY OF WISCONSIN CONFERENCE,
August, 1955

The University of Wisconsin is planning
to hold a conference entitled "The Comput ing
Laboratory in the University", August 17 to 19,
1955, :

It is planned to invite speakers to cover
the applications, organization, fimancing, and
educational aspects of university computing la-
boratories. The University of Wisconsin is
holding this conference in order to re-assess
its own computing program, which, through the
Numerical Analysis Laboratory, offers an ex-—
tensive free service to its faculty. -For more
information, write to Preston C. Hammer, Direc-
tor, Numerical Amalysis Laboratory, University
of Wisconsin, Madison 6, N. Y.

4000 COPIES

This issue of COMPUIERS AND AUTOMATION ,
starting vol. 4, is a double-printing issue :
our usual print order is 2000, and for this is-
sue the print order is 4000. We are setting a-
side a substantial part of the additional 2000
to give copies to friends and acquaintances of
our subscribers. If you desire us to send a
free copy to someone you know who is interest-
ed in computers and automation, tell us and
send us his address; and so long as we have the
extra supply set aside, we shall be glad to send
him, a copy with your and our compliments.

BULK SUBSCRIPTION RATES

Also, in order to make the information we
publish more available to more people, we are
adopting hulk subscription rates. These rates
apply to subscriptions coming in together di -
rect to us. For example, if 5 subscriptions
come in together, the saving on each one-yea r
subscription will be 25 percent, and on each
two-year subscription will be 33 percent. The
bulk subscription rates, depending on the num-
ber of simultaneous subscriptions received, are
shown in Table 1, on page 13.

(continued on page 13)



ENGINEERS & PHYSICISTS

We are now adding

a few highly qualified
engineers and physicists
to our staff for work

in Automation,
Electronic Business Machines,
Solid State Physics,
Photoelectric and
Thermal Detectors,
Computation

(Digital and Analog),
and Infrared

Image Formation.

Please address

all inquiries to
Mr.N. R. Olsen,
Dept. 409

You Can Tell a Company
by Its Record of

Engz’neem’ng Tumover

...and there’s virtually no engineering turnover at ECA.

Why? Simply because engineers find enough

diversity. .. enough opportunity and professional

growth to satisfy their most ambitious plans. They like
being part of a comparatively small, closely integrated staff
of highly creative men...the atmosphere of academic
freedom combined with high industrial pay.

They enjoy to the fullest the very obvious advantages

of working in Cambridge, Mass.

And through it all is the stability inherent in an
organization recognized as a leader in electronic and
photoelectric controls for both commercial and military
uses — reflected by a sales increase of 500% in

the past 5 years —adding up to solid expansion

and growth for everyone concerned.

o

ELECTRONICS CORPORATION OF AMERICA

77 BROADWAY, CAMBRIDGE 42, MASS.




STATISTICS AND AUTOMATIC COMPUTERS

Gordon Spenser
Wlippany, New Jersey

Modern, high-speed, high-capacity, auto-
matic computers have made possible the analy-
sis of statistical techniques hitherto impos-
sible. These computers have as a result re-
volutionized procedures in many fields. Prob-
lems have been recast into statistical terms
open to automatic computation where, ten years
ago, there was. no method for solving them.
From aerodynamics to zoology, automatic sta-
tistical computation is opening doors previ-
ously shut.

Nuclear Biophysics

For example, in nuclear science labora-
tories and, increasingly, in industries using
radioactive tracer techniques, it is important
to ascertain that people do not receive harm-
ful amounts of radiation. But the penetrating
power of radiation and its effects vary great-
ly, depending upon the type and energy of nu-
clear particles emitted.

A recent study was made of the effects
of neutrons, those electrically uncharged par-
ticles that are frequently emitted at high
energies and velocities during an atomic trans-—
mutation. The study was designed to investi-
gate the effects in animal tissue. A direct
Jmathematical attack was hopelessly complicated.
So the physical situation was approximated by
the following process: allow a neutron to be
emitted from a source; let it collide at ran-
dom with constituent elements of the tissue;
record, at each collision, the amount of ener-
gy lost and the location of the collision; si-
mulate the path of the neutron using the com-
puter; compute the damage to tissue as a di-
rect function of energy loss; and do this over
and over for a succession of neutrons, making
random choices wherever necessary. In this way,
a statistical sample is compiled.

The statistical procedure involved choos-
ing randomly: (1) the type of element involv-
ed, for example, carbon, phosphorus, oxygen,
etc.; (2) the direction of rebound; (3) the
length of track until the next collision; etc.
The process is repeated until the neutron is
entirely degraded in energy. With a suffici-
ently large number of neutrons tracked in this
manner on a computer, standard statistical
techniques will provide estimates of the da-
mage resulting in specific regions from neut-
rons having various starting energies. More-
over, measures of the statistical precision

of these estimates are available.

This general method of attack, now named
the Monte Carlo method, is ideally suited for
a modern, automatic computer since the basic
steps involved in generating each collision
are the same, while many repetitions and there-
fore many computations are required to obtain
the desired precision. What is accomplished
in hours on a high-speed computer would have
taken years by hand or months by punch card
equipment.

Chemical Engineering

Continually improving technology in che-
mical engineering frequently poses the ques-
tion: "Does a projected change in technology
significantly improve my product with respect
to a specified characteristic?" Standard sta-
tistical techniques are available to  supply
the answer to the investigating engineer, but
these techniques may be laborious and time-
consuming computationally, or they may be va-
lid only under restrictive conditions.In this
case, the preparation of the problem for a
computer is generally impractical in view of
the computation time, which is short for a
computer, and the fact that the computer so-
lution may not take into account the restric-
tive conditions.

But there is a recently developed body
of technique, known as "distribution-free" or
"non-parametric" statistics. This technique
will provide the answer to the chemical engi-
neer's question under very general assumptions,
frequently with little or no computation. For
example, one method calls simply for the lis-
ting of the measurements of the particular
characteristic in order of magnitude, distin-
guishing between the standard procedure, A,
and the proposed revision, B. The record of
a listing of 14 measurements may look 1like
"AABAAABBAABBBEB B, Now all that
needs to be done is to count the resulting
runs, or number of sets of consecutive appea-
rances of the same letter. In the above se-
quence there are six runs. Tables in ha nd-
books will then tell at once the degree o f
statistical significance that can reasonably
be attached to the experimental results.

The judicious use of a technique such as
this however depends on the knowledge of how
frequently the experimenter will come to a
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wrong decision: specifically, how often  he
would conclude there is a significant differ-
ence from the proposed change when in fact
there is none; or vice versa. The probability
of concluding that there is a difference is
what statisticians call the "power of a test.
The mathematical calculation of the power of
a test is frequently difficult; in this case
it involyes the evaluation of an integral
whose order is that of the sample size, 14 in
the above case.

"

A statistical calculation for estimating
the power of a test is however possible with
automatic computers. This method is to gene-
rate samples from populations known to differ
by a certain amount, and then apply the test
to estimate the frequency of correct dec i-
sions. The generation of many similarly de-
rived samples and the application of the same
testing procedure is a repetitive operation
ideally suited to a modern computer.And where
handbook tables do not exist, machine sampling
can be used as a convenient method for ¢ on-
structing them.

Economics

A goal of many economists is to be able
to obtain a mathematical equation which would
predict the state of the nation's economy.
Naturally one of the requisites for the vali-
dity of such an expression is the existence
of comprehensive information about the varied
constituents of the economic whole, for exam-
ple, freight car loadings, the volume of cur-
rency in circulation, inventory supplies on
hand, the number of new construction projects
started, and a multitude of other constituents,
both general and detailed. The statistical
problem is to obtain estimates of the rela-
tive importance of the various components,
assuming they were to be combined in a cer-
tain manner, such as in the equation

y= alx) +aoxp +a3x3 + ...,

where y is the state of the economy expressed
in some arbitrary units, the x's represent the
various constituents, and the a's are measures
of the importance of their respective consti-
tuents. The main problem is twofold: to .de-
termine the a's; and to determine how much a
predicated value of y is likely to vary from
the actual value of y.

The estimation of the a's is equivalent
to the mathematical problem known as inverting
a matrix. To invert a matrix, in general,
requires a number of multiplications propor-
tional to the third power of the number of
unknown a's (the "order" of the matrix). Thus,
doubling the number of constituents requires
eight times as much multiplying. Not long
ago, the inversion of a twentieth order matrix
was a notable event; but now the technical
literature contains reports of the inversion
of matrices whose order runs into the hund-

reds. In this way horizons are being pushed
further back, and more knowledge of our eco-
nomic system is becoming available.

Psychology

Similar techniques and advances are to
be found in psychology. Multiple factor ana-
lysis is a technique in psychological testing
to isolate independent traits. The problem
of isolation of traits or characteristics may
arise in analyzing manifestations of intelli-
gence, in solving classification problems
(where one attempts to assign a specimen to
one of several species on the basis of a com-
bination of measurable physical characteris-
tics), or in other areas. The ability to in-
vert higher order matrices makes it possible
to discriminate between specimens on the basis
of the information contained in many more
types of measurements, thus increasing t h e
precision of classification.

Demography

The usefulness of the U.S. census of 1830
was severely impaired by the fact that t he
compilation of the total tabulation was not
completed until 1887, and by this time vast
changes in the population of the United States
had taken place. The use of punch cards, de-
veloped by Herman Hollerith,in response to the
needs of the Census Bureau, alleviated the
condition at the time; but now again the grawth
of the population and the increase in the size
of the census questionnaire are threatening
to produce harmful delays. To meet this
threat, the Bureau of the Census has begun to
use magnetic tape and a modern electronic com-
puter to store primary information and to pre-
pare all tabulating and printing reports,
suitable for photographic reproduction.

The new computer system was used on a
mass scale for the first time in the 1950
Census of Population and Housing. One of the
problems successfully handled was the tabula-
tion of general population characteristics
for certain areas in Alabama, Iowa, Louisiana
and Virginia with a total census population
of some 11.7 million individuals.

These are only a few of the applications
of modern, automatic computers to statistics,
but they illustrate the diversity of fields
of application. Besides, techniques, descri-
bed under one heading, have similar counter —
parts in many other fields. Finally, of key
importance in the field of statistics and au-
tomatic computers is the use of computers to
pursue research in mathematical statistics.
Although new procedures may be developed with
full mathematical rigor, yet they find their
way into the applied statistician's set o f
tools ordinarily only when adequate tables
have been computed. Many of these functio ns

(continued on page 13)



THE DIGITAL DIFFERENTIAL ANALYZER

George F. Forhes

Pacoima,

The Digital Differential Analyzer (DDA)
can be most conveniently described in terms
of its relation to the more familiar Bush An-
alyzer.l The Bush device is an established
tool in engineering and research. Its princ-
iples and construction are simple and generally
understood, and units are available in rela-
tively inexpensive and flexible form.

The main obstacle to wider use of Bush
Analyzers in industry has been large bulk, high
cost of precision mechanical parts, long set-
up time, the limitations imposed by mechanical
error, and relatively slow running speed. Al-

" though the DDA has some of these limitations,
they are not inherent in the principle of op-
eration, as is true of the Bush device.

The Bush Analyzer accomplishes integration
through the rotation of mechanical integrator
units. A tangent disk rolls on its edge on
the surface of a rotating disk. The axes of
the disks are perpendicular and in the same
plane. As the tangent disk slides along its
own axis, the gear ratio between the two disks
changes smoothly and is proportional to the
distance from the contact point of the tamgent
disk to the center of the rotating disk. The
rotation of the surface disk serves as the in-
put variable, while the rotation of the tangent
disk becomes the output variable.

The derivative equation solved by each

integrator unit may be expressed as d_z..y dx.
. . dt dt

y is the gear ratioy; mentioned above, x rep-
resents the angle of rotation of the surface
disk, z represents the angle of rotation o f
the driven tangent disk, and t is time. If we
consider only the relation between diskangles,
the equation becomes the differential equation,
dz = ydx. If z is accumulated by counting
turns or by some device for indicating angle,
the equation becomes z = Sydx.

The Bush Analyzers at the various un i-
versities tend to be somewhat elaborate. Pho-
toelectric devices are often used to pick up
the motion of a very light tangent disk. Thus
the disk contact point is not required to trans-
mit any force beyond that needed to overcome
the tangent disk inertia and the very slight
contact friction. Large plotting tables serve
as plotters or as manual or photoelectric
curve followers. 1In all, such an installation
occupies a good sized room and includes dozens
of gear assemblies and hundreds of fee t of
mechanical shafting.

California

Bush integrator units have considerable
application in industrial and military calcu-
lating devices where they are usedin conjunc-
tion with cams and servo-mechanisms. Thes e
compact units are precision built to transmit
the required torque with acceptable error in
the minimum possible space.

A small industrial type Bush integrator
calculator contains six integrators, two plot-
ter-followers, six constant multipliers, and
four adders. It occupies about the space of
an office desk, weighs only five hundre d
pounds, and operates on 500 watts of 60 cycle
115 volt supply. The saving in bulkis accom-
plished by replacing all shafting with synchro
motors and generators. Connections are made
on an electrical plug board. The device is
rugged and well-built. One-tenth of one per-
cent accuracy is claimed.

Preﬁent models of the Digital Differential
Analyzer~ accomplish integration through the
use of numerical registers recorded as pulses
on the surface of a rotating magnetic d r um.
Using the same notation as that used above,
each integrator consists of an integrand reg-
ister, y, successively adding or subtracting
its contents into a remainder register at a
rate dx. The output, dz is the overflow
dt dt '

rate of the remainder register. 1In terms of
the Bush integrator, the number in the inte-
grand register is analogous to the gear ratio,
of the Bush Analyzer. The rate at which the
integrand register adds into the remainder
register is analogous to the turning speed,
%‘. « of the Bush surface disk. The rate of
t

overflow of the remainder register is analog-
ous to the turning speed, dz ,of the Bu s h
tangent disk. dt

A machine may include sixty or more i n-
tegrators, each of which is brought up to date
about 60 times a second. The effect is sim-
ilar to solving a differential equation step-
wise by finite differences, using Euler i n-
tegration and calculating at the rate o f 60
steps per second. The number of significant
figures used is limited by considerations of
practical rumning time. The usual engineering
run of about an hour permits a minimum of three
significant figures in initial conditio ns.
This corresponds to a mechanical or electrical
component accuracy of one tenth of one percent.
Initial conditions in engineering problems are
seldom needed, known, or measurable to this
accuracy.
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A DDA advantage of great potential value
is the fact that component accuracy may be in—
creased at the expense of running time. I n
addition to the flexibility permitted, this
advantage leads to an increase in accuracy
with greater basic pulse rate. For a given
running time, a problem could be run with one
tenth the component error if the basic pulse
rate were increased by a factor of ten., In-
asmuch as the basic pulse rate in present e-
quipment is at about the practical working
limit of the drum (100 kilocycles), it is prob-
able that the faster and more accurate mac h-
ines of the future will utilize mercury colum
or electrostatic memory devices.

A second major advantage over the Bush
Analyzer is the sign reversal property of the
integrators. When the tangent disk of a Bush
integrator runs off the edge of the surface
disk, the machine must be stopped and the prab-
lem rerun with new scale factors. The DDA may
be coded to stop under these conditions. How-
ever, if it is allowed to continue, the over-
flowed integrand changes the sign of its value.
The analogous condition for the Bush int e-
grator would be for the tangent disk to move
off the original surface disk onto another
disk turning in the same angular direction,
That is, the tangent disk would transfer so
as to suddenly reverse its direction of rota-
tion,

This sign reversal property is extremely
useful. It permits the use of integrators as
switching devices, adders, limiters, servo-
mechanisms, discontinuity generators, pulse
rate multipliers, absolute value generators,
and generators of many other kinds of special
functions or responses.

Two very convenient advantages of the DDA
are the possibility of summing several inputs
directly into an integrand without the use of
a separate adding device, and the possibility
of multiplying by a constant at the same time
integration is being performed. In terms of
our notation, each integrator will generate
the function z of the form: .

dz = k(y;+ yo+ y3 +y4 + y5+ yo+ypldx

Another advantage of the DDA over the
Bush Analyzer, and some other types of analog
equipment, is its rapid set-up time. A numer-
ical coded system is used for everything except
the connections to the external plotters and
curve followers., Integrator interconnections,
initial values, constant multipliers, sign
changes, and everything internal to the calcu-
lating unit are inserted by means of integrator
and channel selector switches and a s ingle
bank of keyboard decimal digits. No hardware
need be manipulated unless filling by tape is
used.
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A problem involving the full machine cap-
acity may be inserted and checked in less than
an hour. Once inserted, the program and initial .
conditions are retained as long as needed. Con-
stants and connections may be changed at will
without losing or restarting the problem. The
problem may be readily reset to its initial
conditions in several seconds plus the tim e
necessary to reset external equipment.

The DDA is compact, consisting of a key-
board console, a calculating unit, atypewriter,
and accessory plotters and curve. followers.
The calculating unit is comparable in size to
several racks of analog equipment.

The DDA is not, however, without its dis-
advantages. In comnon with other electronic
digital calculators, maintenance and depend-
ability are somewhat of a problem. Thousands
of crystal diodes require very high dependabil-
ity and long service life in order to prevent
unreasonable down-time. Although trouble is
usually obvious, it is difficult to locate the
component causing the trouble. The maintenance
man must have a practical knowledge of ele c-
tronics and enough mathematical interest to
master the logical equations of the calculating
system. However, maintenance down-time is much
less than the time involved in setting up a
problem on the "hardware type" Bush Analyzer.

Errors arising from the operating princ-
iple may occur, but they are related to the
exactness of the DDA rather than to any error
in operation. Because the pulse rates used
follow a cyclic pattern in representing other
than full rates, any integration will integrate
this pattern in addition to the desired vari -
ables. If the operator overlooks the fact, for
example, that a zero rate is actually a 30
cycle oscillation, and integrates it with re-
spect to another zero rate, the result will be
a relatively small error due to the machine's
giving the correct answer. Methods are avail-
able for eliminating the effects of thes e
"carrier" pulse rates, and some machines are
supplied with partial compensation built in.

Present models of the DDA cannot compe te
with the network and DC amplifier type of anma-
log equipment when a comparison is made on the
basis of problem running time. However, such
analog equipment, in spite of its speed, is not
comparable to the DDA. The analog equipment
is limited in that each integration must be
performed with respect to time. That is, the
dx (which, for the DDA, may be anything) mus t
dt
always be a constant.

In practice, the DDA is more flexible in
dealing with nonlinear equations and the gen-
eration of conventional functions. A product
of terms in an integrand can be obtained with-
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out use of a special multiplying device or
accessory. It is not necessary to rewrite or
approximate the mathematics in order to avoid
integration with respect to other than the in-
dependent variable.

As a generalization, any problem capable
of being solved on the Bush Analyzer may be
solved more easily on the DDA. Many problems
too complex for the Bush Analyzer can be done
on the DDA.

To present an illustration of the method
of attack of the DDA, a rather simple classi-
cal problem is available, namely the simple
rigid pendulum with air friction proportional
directly to the angular velocity. The equation
for this problem is mL8"=-W sin 6 - KkLO'wuhere
0 is the angle, W the effective weight of the
bob, L the effective length of the pendulum,
k the coefficient of air fluid friction, and t
time. It is assumed that m includes the e f-
fect of the moment of inertia of the pendulum.
The equation may be rewritten in a form more
suitable for the DDA: d0' =-W_sin 6 dt -k d6

mL m

The equation is now broken up into several
equations, each of which represents an inte-
grator with an output and onme or more inputs.
In our notation, each integrator is represent-
ed by an equation of the form:

dz) = &) (y) dx)

1) @e

") (dt)
(cos 6) (d8)

1]

@2) (d sin ©
(-1) (sin ©) (d®)

(3) (d cos 6

-kd®, _ .~k
@ G = 6 (@0

- W = (W
) (r-lI sin 6 dt) (—mL) (sin ©) (dt)

© oy =(,,,“Wf; sin @ dt) + (‘Z—dQ)

These equations represent five integrat-
ors.* This is less than ten percent of th e
available machine capacity. The problem may
be run without limitation as to the size o f
the angle, that is, the pendulum may swing
through more than 360°., If a pendulum of about
two seconds period were used, running s peed
would be about two and a half minutes per sec—
ond of problem time with component error of
about one tenth of one percent.

Although the method used in the illustra-
tive example may seem rather direct, problems
of scale, limits, and efficient utilization
have not been mentioned. The problem contains
none of the usual engineering elaborations

such as arbitrary functions, absolute values,
limit stops, additional supplementary equ a-
tions, or squared first derivatives. These
elaborations can be put into problems on the
DDA. They increase the complexity, planning
time and check-out time considerably, and re-
quire more capable and experienced personnel.

The factor most delaying the wider indus-
trial application of the DDA is the somewhat
abstract nature of its operating principles.
Mechanical, analog, and digital computing de-
vices usually apply mechanical, electrical and
arithmetic methods which are familiar to tech-
nical people. The resulting sense of familiar-
ity encourages the use of these devices. On
the other hand, the involved explanations usu-
ally required to describe, "How the DDA Works,"
tend to leave the average engineer in a rather
insecure state of mind. This psychological
effect considerably delays interest and util-
ization on the part of even the most capable
of engineering specialists.

In summary, any problem which is practi-
cal on a Bush Analyzer is a simple proble m
for the DDA, The potential capacity’of the
DDA is nearly unlimited. Improvements in run-
ning speed, integrator capacity, available
accuracy, dependability and operator know-how
will greatly extend the practical utility of
the DDA as new models are produced and as new
applications are made of them.

References:

1. D. R. Hartree, Calculating Instruments
and Machines; University of Illinois
Press, 1953
The Analyzer Corporation
2140 Westwood Blvd.
Los Angeles 25, Calif.

2. Bendix Computer Division
Bendix Aviation Corporation
5630 Arbor Vitae
Inglewood, Calif.

and
Computer Research Corporation

3348 W. El1 Segundo Blvd.
Hawthorne, Calif.

* Note: Equations (6) and (1) represent the
same integrator.

- END -
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Forum
BINARY ARITHMETIC

J.B. McCall
Winnipeg, Canada

It seems to me that some of your readers
may be interested in binary arithmetic, since it
is important in many automatic digital computers,
and is not explained or illustrated at all fully
in most mathematical works. After all, anyone's
introduction to automatic computers include s
learning to feel at home with binary arithmetic.
For these reasons, the following notes may be
worth putting in your pages as a part of "Forum'.

The binary number scale, or binary notation,
is one in which numbers are expressed to the base
2, instead of the base ten as in the usual deci-
mal notation. That is to say, the binary symbol
"10" means two, "l1" means three, "100" mean s
four and so on. Only two different digits are
needed to express any number, namely "O" meaning
zero, and "1" meaning one. The positions of the
digits report powers of two instead of ten.

For computing machinery applications the bi-
nary system offers many advantages. Any mechani-
cal or electrical device which has two stabl e
states may be used to represent a binary digit,
and a bank of them, therefore, can represent any
number. Some devices which have been used to
represent binary digits are: switches, relays,
vacuum tubes, electric lights, cam shafts. For
instance, with an electric light, a glowing lamp
could represent "1" and a lamp that is out or off
"0", By suitable wiring, employing either elec-
tromechanical or electronic elements, it is pos-
sible to combine the numbers so represented in
various ways amd so perform the ordinary opera-
tions of arithmetic.

However, the use of binary notation is not
confined to machines. It is quite possible to do
ordinary paper-and-pencil arithmetic in this sys-
tem. In order to do so we only need an addition
table and a multiplication table. The addition
table is as follows:

h-orf

and the multiplication table:

X0 1
0[0 o
10 1

It will be noted how simple these table s
are. In decimal notation each of the correspond-
ing tables has 100 entries and every child spends
several hundred hours of his school career being
drilled in them; whereas the tables for binary
notation and the ways to use them could be learned
by any child in a very short time. Leibnitz was
so impressed with the superiority of binar y to
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decimal notation that he advocated its universal
use. However, for accounting purposes ithas sdme
disadvantages which have prevented this suggestion
from being adopted.

As an example of the use of binary notation,
suppose we calculate the value of the well-known

" n "on

mathematical constant "e" in binary. "e" is d e-
fined as the limit of the sum of the series

1l as n increases

+
1 nl without limit.

R Y

e

[ o]
(LI

[N

1
gt

(XY

where 2! equals 2 x 1, 3! equals 3 x2 x1, .....
and n!= n(n-1) (n-2) .... 3-2:1., 1In binary nota-

"

tion the corresponding expressiom for "e" is

gLyl 41 1 1l L

M 1% T0:% 11 ™60 Fore n:

The first two terms are each 1. The third term
is obtained by dividing the second by (binary)10 .
As in decimal notation this is done by shifting
the dividend. one place to the right; so the term
is 0.1.

The fourth term is obtained by dividing the
last by 11. Let us do this in detail soas to
illustrate the operation of bimary arithmeti c.
We have

0.

11 0.1
11 is larger than 1; so we place a O in both the
quotient and partial remainder, which gives us

0.0
11 J0.10
Again the divisor (11) is larger thanthe partial
remainder so again a zero is appended to both
quotient and partial remainder:

0.00
11 ¥0.100
The divisor (11) is now smaller than the partial
remainder (100); so we place a 1 in the quotient,
place the divisor under the partial remainder,
and subtract to form the new partial remainder.
The subtraction is easily done by reference t o
the addition table. Another digit from the div-
idend is brought down into the partial remainder,
exactly as in decimal long division. The follow-
ing expression results:

0.001
11 )0.100
11
10
Again the divisor, 11, is less than the partial
remainder, 10; so a O is attached to both quo-
tient and remainder:

The divisor now being less than the partial re-
mainder, a 1 is placed in the quotient, the di-
visor subtracted from the remainder, and another
digit brought down,
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0.001 01
11 Y0.100 000
11
1 00
11
10 .
It is evident that the quotient will repeat. So
we finally have for the fourth term,
0.001 010 101 010 101 010 101 010 101 010 101 010101

The fifth term is obtained from this by dividing
the last by 100, which is simply done by displacing all
digits two places to the right,

0.000 010 101 010 101 010 101 010 101 010 101 010 1O0l....

For the sixth term, the above result will have to be
divided by 101:

0.000 000 100 010 001 000 100 010 001 000 100 010 001
101 ) 0.000. 010 101 010.I01 010 101 010 101 010 101 010 101
000 010 -
101
1 01
0 101 etc.

As before, if the divisor is larger than the par-
tial product, we put a O in the quotient; if equal
or smaller, we put a 1, and subtract the divisor
from the partial product to obtain the new partial
product.

It will be noticed how much simpler binary
long division is than decimal long division where
a trial divisor and multiplication must frequently
be tested.

. Details of the division will not be set down
for the remaining terms; but the quotients obtained
are as follows:

L5
S

010 101 010 101 010 101 010 101 010 101 010 101..
010 101 010 101 010 101 010 101 010 101 010 10l..
000 100 010 001 000 100 010 001 000 100 010 OOl..
000 000 101 101 100 000 101 101 100 00O 101 10l..
000 000 000 110 100 000 000 110 100 000 000 110..
000. 000 000 000 110 100 000 000 110 100 000 COO..
000 000 000 000 000 101 110 0Ol 110 111 100 Oll..
000 000 000 000 000 000 100 100 111 111 OOl 0O1..

58

98888

8000°

oo o
88

000 000 000 000 000 000 000 011 010 111 0Ol 100..
000 000 000 000 000 000 000 000 010 001 111 O1l..
000 000 000 000 000 000 000 000 000 001 011 000..
000 000 000 000 000 000 000 000 000 000 000 110..

[eN=NoNo] OO0.000000'-"—‘
L]

g

We now have to add these up to obtain the sum of
the terms. It is easy to do an addition in binary
arithmetic: starting at the right hand column, go down
each column, cancelling the 1's in pairs. For every
pair so cancelled, insert a 1 in the column one place
to the left. The result is Table A shown at the top
of the next page.

In this table, the 1's below the dotted line are

the carries resulting in each case from the cancella-
tion of a pair of 1's in the previous column. The final
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total is obtained by inserting a 1
at the foot of any column which has
an uncanceled one in it, a O at the
foot of the other columns. The last
8 digits in the above result might
be changed if there were carries
from the terms beyond the 39th which
have not been used; so we adopt a s
our value of "e" the first 34 digits
only of the above result, that is,
e 10,101 101 111 110 00O 101 010~
001 011 000 1, in binary.

To check that the above result
is correct we need only note that a
1 in the nth binary place is equiv-
alent to (1/2)® in decimal. The
whole expression is, therefore, e-
qual to the sum of the following:

2.5
125
062 5
015 625
.007 812 5
.003 906 25
.001 953 125
.000 976 562 5
488 281 25
015 258 789
003 814 697
000 953 674
059 604
014 901
007 450
000 465
058
29
14
7
3
1
2.718 281 828 4.......,which
is the well-known value of "e".

e & & & @ 2 2 0 s e o o

This discussion will have il-
lustrated the following féatures of
binary notation:

First, the elementary operations
of arithmetic become very easy. For
addition and multiplication we do
not need to remember long tables.
In division, trial divisors and
multiplications need not be carried
out. Secondly, however, we notice
how much space is required for a
simple calculation. Our final ex-
pression for "e" required 34 signi-
ficant figures while the decimal
equivalent needs 11 only,and a sim-
ilar proportion prevailed throughout
the calculation.

Men use decimal in preference
to binary because the humanmind can
quite easily carry two 10x10 tables
but it is difficult for us to grasp
the significance of such an expres-
sion as 10.10110111111000010101000~
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Table A MERRY
times XMAS
10.1
.001 010 10¢ 010 XOZ 0XO0 XOX 0I0 XOX 010 XOX 010 XOX ORTEEY
. 070 101 00 I0I OO0 10X 010 10X 010 XOL 010 10X LCRAAY
. 100 010 001 000 00 00 00X 000 100 OX0 001 PLATTY
. 101 Yo 100 000 10X 10X 100 000 10X 101 ORTEEY
. 110 100 000 000 IX0 100 000 000 X110
II0 Y00 000 000 IX0 100 00O 000 SLYXMPMOY,
. 101 Yoo 00I 10 IxX 100 OIX plus SREEATX AYC
. 100 100 XXX XII 00X 001
. 011 010 1Y 00f 100 PEACETOALL
. 010 00L 11X O1X
. 001 011 000 SIX=CIS
. 110
........... e and we wish you 32763 61456 38856 156513 4
“Lo1oil X Xr Air IR XiX LI IIEIp i rr
ur rri11 11 111 X xxx 1xx Ixx xx Solve for the digits —— each letter stands
L1 1 Ix XX Xxx xxf xxx Ixx 11 for just one digit O to 9.
1 I rxrixy 111
11171 1
10.101 101 111 110 000 101 010 001 Ol1l 000 100 111 111
10110001..... at a glance. But machines, often, The solution follows: Change S and C to X.
use binary in preference to decimal because it Each of Y times X, A, M ends in Y; therefore Y
greatly simplifies wiring to have such simple ad- is 5, and X, A, M are odd. None of X, A, M is
dition and multiplication tables and because they one. M plus zero or one plus A ends in A; there-
operate so fast that the necessity of using 34 di- fore M is 9, and X, Aare 3, 7T or 7, 3. O plus
gits instead of 11 is of no significance to them. one is X, and O plus Y produces a carry. O(X minus
. - END - ® 1) plus Y (5) equals X plus 4; therefore X cannot
' STATISTICS AND AUTOMATIC COMPUTERS . be 3 and must be 7. Ais 3. 0 is 6. P X plus
(Continued from page 7) one) is 8. Etc. The ten digits in order O to 9
are so complex that before automatic compu - are T, E, L, A, R, Y, 0,(X, C, S), P, M. The nu-
ters, they could not be tabulated. The more merical part of the message is A, L, (S, C, X )
widespread use of fast, automatic computers 0, A,0,E,R,Y, 0, A P, P, Y, OE, O, Y, E, 4,
will undoubtedly result in the dissemination R, which clearly is "ALSO A VERY HAPPY NEW YEAR".

of new and powerful techniques of mathemati-

cal statistics that will find their way into We would like to know if any automatic digi-

applied fields of endeavor everywhere. tal computer has been programmed to solve this
_ END - * kind of puzzle.
* % % - END -
*® % *
THE EDITOR’S NOTES
(continued from page 4) NOTICES
Number of Rate for Each Subscription, and Address Changes. If your address changes, please
Simul taneous Resulting Saving to Subscriber: notify us giving both old and new address, and al-
Subscriptions One-Year Two-Year low three weeks for the change.
10 or more $3.00, 33% $5.40, 40% Back Copies. See the information on page 46.
5to9 3.38, 25 6.00, 33
4 3.75, 17 7.00, 22 Manuscripts. We are interested in articles and
3 4.00, 11 7.50, 17 papers. To be considered for any particular is-
2 4.25, 5 8.00, 11 sue, the manuscript should be in our hands by the

5th of the preceding month.
Table 1 - Bulk Subscription Rates, (United States)
Articles. We desire to publish articles that are

For Canada, add 50 cents for each year; outside factual, useful, understandable, and interesting
of the United States and Canada, add $1.00 for to many kinds of people engaged in one part or an-
each year. other of the field of computers and automation. In

this audience are many people who have e xpert
knowledge of some part of the field, but who are
laymen in other parts of it. Consequently a

GREETING TO COMPUTERS writer should seek to explain his subject, and

show its context and significance. He should de-

In the December issue, we posed a "Numble" fine unfamiliar terms, or use them in a way that
(a number puzzle for nimble minds) -- a "greeting makes their meaning unmistakable. He should i-
to computers”. It was: dentify unfamiliar persons with a few words. He

(continued on page 22)
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Eastern Joint Computer Conference, Philadelphia, Dec. 8—10, 1954

Milton Stoller
New York

The Eastern Joint Computer Conference and
Exhibition took place in the Bellevue-Stratford
Hotel, Philadelphia, Dec. 8 to 10, 1954. The
three organizations which render the conference
"joint" are the Association for Computing Ma-
chinery, the Institute of Radio Engineers, and
the American Institute of Electrical Engineers.
Well over 1700 persons attended -the conference.
The theme of the conference was "The Design
and Application of Small Digital Computers,”
these being defined roughly as automatic dig-
ital computers costing less than $150,000 or
using less than 20 kilowatts of power.

Towards this central idea a number of
papers and panel discussions were given. The
titles and abstracts of these papers are given
on an adjoining page. Included in the talks
were comparisons of existing small computers,
reports on recent developments in magnetic
drum storage systems, magnetic core circuit
applications, and automatic coding techniques.

Exhibits

The exhibits, which were provided by 32
companies (listed below) created considerable
interest. Many phases of computer techniques
were represented, running the gamut from the
simplest components to complete systems.

Among the exhibits were the experimental
transistorized computer of International Bus~
iness Machines Corporation, (described in De-
cember "Computers and Automation’); it is anal-
ogous to the electronic calculating punch IBM
Type 604 but uses transistors instead of tubes.
Also there were. shown Raytheon magnetic shift
registers with built-in transistors; rapi d
readers of punched paper tape made by Ferranti,
Potter Instrument, Soroban, and Teletype Cor-
poration. Technitrol showed a system of "dy-
namic computer blocks" for purposes of control,
arithmetic, and memory; they are based on Seac
and Dyseac components and adapted to one mega-
cycle repetition rate, and may be assembl e d
in different quantities and arrangements to
make digital computers of different capacity.

The exhibitors were the following compan—
ies:

Aircraft-Marine Products, Inc.
Anderson Laboratories, Inc.
Atlas Precision Products Co.
Bendix Aviation Corp.
Benson-Lehner Corp.
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Burroughs Corp.

C. B. S.-Hytron

C. E. C. Instruments, Inc.
Commercial Controls Corp.
Electrodata Corp.

Electronic Associates
Erie-Resistor Corp.

Ferranti Electric, Inc.
Friden Calculating Machine Co., Inc.
General Ceramics Corp.
Hughes Aircraft
International -Business Machine Corp.
International Resistance Co.
Magnetics Research Co.
Micro-Switch Co.

National Cash Register Co.
Phillips Control Corp.
Potter Instrument Co.

Radio Receptor Co., Inc.
Raytheon Manufacturing Co.
Remington Rand Inc.

Rese Engineering Inc.
Soroban Engineering, Inc.
Sprague Electric Co.
Technitrol Engineering Co.
Teletype Corp.

Victor Adding Machine Co.

Inspection Tours

Inspection trips were arranged to five
centers of interest for computer people. The
Automatic Message Accounting installation of
Bell Telephone Laboratories at 1835 Arch St.,
was visited: the equipment keeps track of thou-
sands of customer dialed telephone calls; it
records who made the call, the number that was
dialed, and how long the conversation lasted;
it then compiles this informatien in suitable
form for further processing by the billing
revenue office.

The Burroughs Corporation Research Center
in Paoli was the objective of another inspec-
tion trip. It is a new air-conditioned re-
search and development laboratory accommodating
400 people, devoted to research and development
in pulse control equipment, tubes, electronic
digital computers, magnetic memory drums, and
other frontiers for electronic machines.

At the plant of the Eckert-Mauchly Divi-
sion of Remington Rand, a new completed Univac
was demonstrated, and other Univacs in various
stages of assembly and test were seen, as well
as the Model 2 Unityper, which produces a coded
magnetic tape directly as a result of type-

(continued on page 17)



EASTERN JOINT COMPUTER CONFERENCE, DECEMBER, 1954 — TITLES
OF PAPERS AND ABSTRACTS

Small Computers in a Large World

C. W. Apawms, Digital Computer Laboratory
Massachusetts Institute of Technology

Characteristics of Currently Available Small
Digital Computers
ALAN J. PERLIS, Computing Laboratory, Purdue University

The characteristics of commercially available small digital
computers are examined. In particular, a comparison is
made on the basis of memory (mean), speed of arithmetic
operations, types of available input-output equipment,
flexibility of operation codes, power, space, maintenance
requirements, availability and utility of auxiliary memo-
ries such as magnetic tapes.

The applicability of these computers to data handling and
scientific and engineering calculations is discussed.

Why Not Try a Plugboard ?
REx RICE, JR., Tally Register Corp.

The general acceptance of the internally-programmed
computer has imposed restrictions, both real and arti-
ficial, upon its users. Utilizing advances made possible by
the versatility of the plugboard, many of these limitations
and the consequent economic losses can be remoyed by a
functional approach to the computing problem. With the
proper design, a plugboard machine allows a more direct
approach to the solution of computing problems. In ad-
dition, the plugboard keeps programming simple and the
size and cost of the machine within reasonable bounds.
This paper draws comparisons between plugboard tech-
niques and internal programming. The advantages of a
plugboard machine are discussed. A description of the
essential elements of this type of machine are given, as
well as examples illustrating component usage and the
powerful techniques of parallel operation.

Techniques for Increasing Storage Density of
Magnetic Drum Systems

HARRISON W. FULLER, PAUL A. HUsMAN, ROBERT C. KELNER
daporatory for Electronics, Inc.

Where a compact magnetic drum unit is required with a
given storage capacity, the drum unit size and cost may
be reduced if the pulse packing density of the stored
information can be increased. Some alternative tech-
niques of writing and reading will be described that were
.developed to increase the pulse packing density of mag-
netic storage without sacrifice of reliability. These tech-
niques are equally applicable to in-contact and out-of-
contact magnetic drum and tape systems.

Application and Performance of Magnetic Core

Circuits in Computing Systems

RoBERT D. Kobis, Raytheon Manufacturing Company
Several applications which have been implemented with
magnetic core circuits are discussed. Performance and
life data are presented for these cases. The major func-
tions of magnetic core circuits used in logical units, buf-
fers, control functions, and registers are discussed and
compared as best applied to small scale computer systems
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and input-output conversion equipment. The circuits
discussed are magnetic core shift registers, core-diode
memories, magnetic core manipulative circuits, and special
purpose coincident current magnetic core memories.

A Self-Checking High-Speed Printer
EARL MASTERSON, ABRAHAM PRESSMAN
Eckert-Mauchly Division, Remington Rand Inc.

The paper describes the development and design of a new
high-speed printer which is particularly adapted to the
business machine field. This has necessitated that the
design include complete self-checking features along with
the best possible control of the appearance of the printed
page and including considerable flexibility in editing and
general format features.

Many of the self-checking and control circuits were
adopted from the UNIVAC® design and therefore will
not be covered in detail. The paper will therefore stress
the development and design of the cold cathode gas tube
memory and the details of the printing mechanism.

Teletype High Speed Tape Equipment
and Systems
WIiLLIAM P. BYRNES, Teletype Corporation

This paper describes mechanical tape readers and per-
forators: electronic distributors, selectors, and controls;
and systems incorporating these mechanical and elec-
tronic devices. A complete tape system will transmit and
receive a 3600 character per minute telegraph signal over
one line. Applications in both the computer and com-
munications fields will be covered since the two are
closely related technically, and since a reliable high
speed communications system is of vital interest to the
computer field.

Operating Characteristics of the National Cash
Register Company's Decimal Computer CRC 102-D

R. M. Haves, A. D. HESTENEs, L. P. MEISSNER
Electronics Division, National Cash Register Company

The CRC 102-D is similar to the CRC 102-A in its basic
operation and structure. However, the CRC 102-D in-or-
porates several major advances in design, including the
following: 1) decimal arithmetic operation, 2) more
powerful decision operation, 3) significant improvements
in magnetic tape handling commands, 4) aiphabetic
input, output, and sorting, 5) high speed paper tape input
and output.

A Marchant Miniac Computer System
GEORGE B. GREENE, Marchant Research, Inc.

A magnetic drum stored program computer of unusual
features applied to a system of magnetic tape peripheral
equipment of advanced philosophy is discussed. A unique
magnetic tape unit which serves as data communication
medium as well as interim and long term storage in this
system is described. A perforated-to-magnetic tape, card-
to-tape and-tape-to-card translation equipment which
enable practical hybrid system operation is described.
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Performance of the TRADIC Transistor
Digital Computer
J. H. FELKER, Bell Telephone Laboratories

The transistor digital computer TRADIC was completed
in January of 1954 and put on life test May 1, 1954. Since
then the machine has been running 24 hours a day, 7 days
a week. TRADIC is the first solid state computer and
represents the largest number of transistors that has been
put to use. There are approximately 700 transistors and
10,500 semiconductor diodes in the machine. Although
the machine was designed for a military application and
has a very restricted memory capacity, it is a general pur-
pose computer. The speed, the power consumption and
the reliability achieved with the computer will be used as
a basis for the prediction of the engineering possibilities
for commercial transistor computers.

Application of a Burroughs E101 Computer
ALEX ORDEN, Burroughs Corporation

The Burroughs E101 computer has been developed to
bridge the gulf between conventional desk top calculators
and large scale digital computers. The desk size machine
features a novel pin board for easy set up of program
controls and provides direct access by the operator for
inspection of data form and overriding supervisory oper-
ations. It includes an accounting machine input-output
unit, in combination with an electronic computer and
memory system. Selected application in fields of busi-
ness, engineering, science and management control will
be described.

Panel discussions will be held simultaneously.
Small Digital Computers and Business
Applications

Chairman, WiLLIAM D. BELL, Mellonics

WALTER L. MURDOCK, General Electric Co.
ROBERT P. FOSTER, Prudential Insurance Co.

Redundancy Checking for Small Digital Computer
Chairman, RICHARD W. HAMMING, Bell Laboratories

SiBYL Rock, Electrodata
A. L. SAMUEL, IBM
WiLLIAM C. CARTER, Raytheon Mfg., Co.

Small Digital Computers to Assist Large
Digital Computers
Chairman, JoHN W. CARR, 111, University of Michigan

WALTER RaMSHAW, United Aircraft Corp.
JoHN Lowe, Douglas Aircraft Corp.

Numerical Solution of Differentiai Equations
HERBERT M. GURK, MORRIS RUBINOFF
Moore School of Electrical Engineering, U. of Pa.

A criterion is given in order to evaluate a priori the worth
of a given numerical method in solving a set of differ-
ential equations. The validity of this criterion is discussed
with respect to linear constant coefficient equations,
linear varying coefficient equations, linear equations with
forcing functions and non-linear equations. Results of
applications are also given.

Applications of Automatic Coding to Small
Calculators

Leroy D. KRIDER, Applied Mathematics Division
U. S. Naval Ordnance Laborarory

Automatic coding techniques are attempts to shift as
much as possible of the clerical labor of coding onto the
calculator. Several programming techniques currently
used as well as some contemplated will be summarized.
Several desirable features for a machine that is to have
automatic coding techniques applied to it will be pre-
sented. Arguments for designing a small calculator of
this type will be given.

Avutomation of Information Retrieval.
J. W. PERRY. Battelle Memorial Institute

Providing knowledge when needed is the function of pub-
lications, reports, and similar records. With extensive
files, identification of items of pertinent interest is a major
problem. ldentification requirements, definable by sets of
features, lead to the theory of class definition as the basis
for defining both the functions of automatic equipment
and also the semantic problems of analyzing records
preparatory to machine searching. Practical cost con-
siderations and related parameters must be taken into
account when engineering equipment and code systems.

Message Storage and Processing with a

Magnetic Drum System
A. P, HENDRICKSON, G. I. WiLLIAMS, J. L. HiLL
Engineering Research Associates Division, Remington Rand Inc.

This electronic data processing system performs routine
clerical functions of accepting, filing and finding and
delivering out specified messages in a file of 2,000 mes-
sages (316,250 characters). Logical operations of veri-
fying format, insuring proper placement of significant
characters, determining presence or absence of duplicate
message already on file, and delivering up copy for trans-
mission to initiating agency are all performed in less than
15 second using techniques developed for high-speed
computers. Separate “‘wired” routines are available for
processing nine message types, each of which is selected
by information contained in the incoming message. Each
machine action, except two, is stimulated by receipt of a
teletype message and may include an appeal for super-
visory assistance in case a garbled character makes posi-
tive action impossible.

A magnetic drum surface is used for storage of all mes-
sage characters and also provides buffer storage for
incoming and outgoing communication lines. Four sepa-
rate buffer units function to alter 75 wpm teletype mes-
sage speed to the internal data processing rate of 230,000
wpm. A fifth unit functions similarly with a 1050 wpm
communication system.

The described equipment has been in service since Sep-
tember 1953, filing and processing CAA weather obser-
vation messages. After 2500 hours of service, more than
98 per cent of the original 1900 vacuum tubes and 2100
germanium diodes are still in service.

Analysis of Business Application Problems on

IBM 650 Magnetic Drum Data Processing Machine
GeoRGE W, PeTRIE 111, International Business Machines Corp.
JoHN M. BOERMEESTER, John Hancock Mutual Life Ins. Co.

The automatization of data processing in the modern
business office is keeping pace with the rapid strides made
in the computation field and the factory automation
developments. Conventional multi-step machine pro-
cedures are greatly simplified, accelerated, and overall
costs are markedly reduced through the use of the mag-
netic drum calculator. Analysis of over 100 programs of
various business applications illustrates the percentage
use of various basic functions of arithmetic and logical
decisions. Also included are summary statistical details
which include size of program, running time, capacities,
and so forth.

Small Digital Computers and Automatic
Optical Design
N. A. FINKELSTEIN, Bausch & Lomb Optical Company

A large portion of optical design consists of making small
changes in the lens formula, computing the aberrations,
and attempting to relate these aberrations to image qual-
ity. An automatic procedure for optical design based
upon image quality measurements is proposed for per-
forming this task. The instrumentation consists basically
of a small digital computer (IBM 607), apparatus for
measuring image quality electronically and an aberration
synthesizer. The process is an iterative one, each iteration
being; perturb the lens formula, compute the new aber-
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rations, set these in the synthesizer, measure the image
quality factor. Advantages and basic limitations of the
proposed system are discussed.

Computation of the Performance of Decision

Element Circuits by Means of the IBM CPC
B. F. CHEYDLEUR, Minnesota Electronics Corp.

L. P. GIeseLER, H. L. STEVENS

U. S. Naval Ordnance Laboratory

Magnetic Decision Elements are elementary components
which combine the functions of logical computation and
delay. Address counters, shift registers and other com-
puter circuits can be made up using these ele ments.-This
paper describes a method for producing a time history
chart of the performance of a specific circuit by using an
IBM CPC. The design of computer circuits is thereby
greatly facilitated.

Some Applications of Electrodata Computer
Systems
KENNETH L. AUsTIN, Electrodata Corp.

Data-reduction problems appropriate for solution on
the Electrodata Computer are discussed. An automatic
data-reduction system resulting from a linking of digitiz-
ing equipment and Electrodata computing equipment is
described. Input to the combined system is from an
analog recording equipment and output is reduced data
printed on a line printer. Semi-automatic editing of
input data is also discussed.

EASTERN JOINT COMPUTFR CONFERENCE
(continued from page 14).

writer key depressions, and a punched-card-to-
magnetic-tape converter.

The Research and Development Laboratories
of the Franklin Institute now has the largest
of 45 A. C. network calculators now in oper a-
tion throughout the world. This machine wa s
installed there by seven major electric power
companies and the Westinghouse Electric Corpor-
ation. As a miniature electric power system
it can represent generating stations, substa-
tions, transmission lines, and distributing
networks; and its purpose is to reflect the
behavior of complicated electric power anddis-
tribution systems in a small-scale but accurate
model .

The Aviation Supply Office of the Naval
Aviation Supply Depot has an IBM 70l. On this
machine the office calculates gross and ne t
requirements for 120,000 stock items located
at 65 naval depots. In this way the machine
provides a basis for centralized control of
procurement and distribution.

Proceedings

A copy of the conference proceedings in-
cluding the full text of all papers and floor
discussion may be obtained, when it is ready,
from any one of the sponsoring societies'head-
quarters, such as the Association for Computing
Machinery, 2 East 63 St., New York 21, N. Y.

- END -

PATENTS

Hans Schroeder
Milwaukee, Wisconsin

The following is a compilation of patent s
pertaining to computers and associated equip-
ment from the Official Gazette of the United
States Patent Office, dates of issue as indi-
cated. Each entry consists of: patent number /
inventor(s) / assignee / invention.

October 26, 1954: 2,692,726 / G W Hobbs and
W B Jordan, Scotia, N Y / Gemeral Electric
Co / Binary computer using a multi-target
cathode ray tube

2,692,947 / B F Spencer, East Meadow, N Y /
Sperry Corp / Device for locating inflection
points in a response curve

November 2, 1954: 2,693,552 / R K Steinberg,
Poughkeepsie, N Y / Intl Business Machines
Corp / Glow discharge type storage tube

November 9, 1954: 2,693,907 / G C Tootill,
Shrivenham, England / Natl Research Devel op-
ment Corp, London, Eng / Digital computing
circuits

November 16, 1954: E A Newman, Teddingt on,
and D O Clayden, London, England / Natl Re-
search Development Corp, London, Eng / Binary
adder using dual triodes

2,694,801 / AE Bachelet, New York, NY / Bell
Tel Labs, Inc, New York, NY / Pulse count-
ing and registration system

CLASSIFIED ADVERTISING

Approximations for Digital Computers: I am

establishing my own consulting business and
will specialize in the fitting of curves and
surfaces to make empirical data available to
digital computers.

Cecil Hastings, Jr. 136 Kuuala St.,
Lanikai, T. H.

- 17 -



A SMALL HIGH-SPEED MAGNETIC DRUM

M. K. Taylor
Chief Engineer, Ferranti Electric Limited, Toronto, Ont., Canada

The requirement arose recently of opera-
ting the Manchester Ferranti Computer (Ferut)
at the University of Toronto in conjunction
with punched card equipment, instead of th e
punched paper tape input and output for which
the computer is designed. To carry out this
requirement, it appeared that a rapid access
magnetic drum would provide the most reliable
and economical temporary data store for the
code translation and information rate chang-
ing requirements of the system. No drum of
suitable characteristics existed. But for -
tunately there was available a considerab le
amount of experience on the design and manu-
facture of gyroscope rotors operating at very
high speed, and having about the dimensio ns
required for the drum. This experience was
put to good use in the design and manufacture
of the drum to be described; the drum isshown

in Figure 1, and was exhibited at the Eastern

Joint Computer Conference, Philadelphia, Dec. 8
to 10. It is identified as the Ferranti Type

200 B drum. '

Size and Density of Information

The drum is two inches in diameter and
just over one inch long. The length would al~-
low a maximum of 30 tracks. However to en -
sure safe values of crosstalk in reading, the
track separation is increased to .050", and
this results in 20 tracks being available. T
maximum storage under these conditions, with
20 tracks and 200 binary digits per inch (see
below) is of the order of 24,000, This drum
is therefore economical in terms of initial
cost per digit, about 5 or 6 cents per digit.
While this figure does not of course compare
with the figures for larger drums it seems to
compare very favorably with other types o f
store in view of the simplicity of the asso-
ciated electronics.

Rotation, and Spacing Between Heads and Drum

The drum is essentially a brass rotor ,
similar to one of the gyro rotors used as a
model, and is driven by an internal rotating
magnetic field, at 23,500 R.P.M. This pro-
vides an access time once per revolution of
just over 2.5 milliseconds. The supply is 400
cycle 3 phase 115 volts, and is fed to wind=-
ings on a set of internal stator laminations
mounted on a fixed spindle. The drum consists
of a brass ring having a solid end flange on
one end, and carrying a ball bearing and a
beryllium copper loading spring on the other
end to provide axial loading for the bearings

which are carried by the rotor. This most use-
ful fact has allowed digit stacking to be as
high, under experimental conditions, as 250 re-
turn to zero digits to the linear inch of track
surface. An upper practical limit for appara-
tus built for customer use would be perhaps 200
digits to the inch, assuming careful initial ad-
justment.

The high rotational speed of 23,500 R.P.M.
is provided with adequate safety factor. Ope-
rating lives in excess of 5000 hours have been
run on test samples without measurable deteri-
oration. As a result of this high rotational
speed, access time becomes just over 2.5 milli-
seconds; and this comparatively fast access is
of course useful in many applications.

The ball bearings used in the drum have
been especially selected for very long life.
Stationary lubrication reservoirs are fitted
and the bearings -are sealed with suitable ma-
terial. To ensure longevity the bearings are
run in for 24 hours after the drum has been ba-
lanced, after which the drum is balanced a se-
cond time. The drum bearings are rejected if
this second balancing operation indicates pos-
sible bearing trouble. The balancing is car-
ried out on Micro balancing equipment.

The care which is taken in connection with
the drum manufacture may seem excessive a n d
costly, but it has been found that not only
does this care result in very long life, but
it also enables the clearance.between the drum
and the magnetic heads to be safely reduced to
a low value,half a thousandth of an inch.

Mounting

The drum spindle is carried in a U-shaped
aluminium support frame which is held at its
base on a stiff spring of laminated fiberglass
plastic. This serves as a hinge for the sup—
port frame and enables a pair of stop screws
attached to the head mounting frame to serve
as adjustments on head clearance, by moving
the U shaped support frame which carries the
drum spindle. The heads are mounted on short
rectangular section rods loosely set on brass
bars fixed to the main body of the assembly.
To set the heads, these are brought in contact
with the stationmary drum surface and lined wup
to the surface. A clamping mechanism then
locks all the heads accurately together, still
in contact with the drum surface. The drum
axis adjustment screws are then turned to allow
the head-to~drum gap to be set to the desired

- value.
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MAGNETIC DRUM

Finally, the whole assembly is mounted
upon a neoprene diaphragm set in a cast alumi-
num base and is fitted with a glass cover. The
drum and head assembly is as light as design
allows, and is resiliently mounted; by this
means inertia forces on the bearings due to
remanent unbalance are kept to a small value,
and do not therefore cause possible trouble
due to pitting in the ballraces. This arrange-
ment, though not fully vapor-sealed, is dust-
proof. For military use the drum assembly can
be readily fitted in a fully vapor-sealed cas-
ing.

Heads

The heads themselves were especially de-
signed for this drum, in view of the necessi-
ty for very small size. They each carry a
winding of 20 turns, with a resistance of 0.5
ohms and an inductance of 8 microhenries. 1In
spite of their small size, the close spacing
to the drum, and the high peripheral s peed
allow of an output direct from the head of 30
millivolts at 400 k¢/s. Writing currents up
to 1 ampere have been used satisfactorily.

Surface

The magnetic surface of the drum is made
by spraying a carefully filtered suspension of
Minnesota Mining and Manufacturing Type M3010
red oxide,to which a polyester is added. This
results in a durable surface which is then
given a high polish. The surface is then ele-

*

ctrically tested for track faults; if such are
present, the surface is removed and a fresh
coating applied.

Reliability

Every effort has been made to see that
this drum is as reliable as a mechanical de-
vice can ever be. The reduction in the num-
ber of vacuum tubes or equivalent devices fre-
quently possible by incorporating a small drum
instead of say a large bank of shift registers
is likely to result in increased reliability
and simplified maintenance.

Uses

The kind of uses foreseen for this drum
are likely to include: information rate chan-
gers, that is, storage "until ready"”, as in
the initial application; the "derandomizing"
of randomly received information, as in the
case of transmission on a communication chan-
nel of limited bandwidth; the reverse, that
is,storage of information for burst transmis-
sion; use in secrecy coding, wherein the drum
takes the place of a continuously or inter-
mittently changing code book; etc.

The success of these drums in the appli-
cation for which they were designed has led to
the possibility that they will be attractive
for other purposes, and their production is
being increased to allow of early availabili-
ty.

- END -

Figure 1 -- Small high-speed magnetic drum of Ferranti Electric; 24,000 binary digits, 2.5 milli-

seconds access, 20 heads;
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Roster of Automatic

Computing Services

(Cumulative; information as of December 3, 1954)

Tha nuwnaecn A€ $his Dactac 2o &4 ccmoea -~ 2__
ST pPuLpULL Ui Ludd alsiCr 15 WO Iepirv Vrgamniza-
tions (all that are known to us) offering autamatic

computing services and having at least one auto-
matic computer, either amalog or digital. Each
Roster entry contains: name of the organization,
its address / analog or digital computation pro-
vided / notes on equipment / any restrictions as
to clients.

We shall be grateful for any additions or correc-
tions that any reader is able to send us.

Some of the abbreviations are as follows:

A analog
anal  analyzer
cpC IBM card programmed calculator
D digital
diff differential )
govtO0 available to government agencies or
contractors only
unres unrestricted
ROSTER

Armour Research Foundation of Illinois Inst of
Tech, 10 West 35 St, Chicage 16, Il1 / A, D /
Goodyear Electronic Differential Analyzers, Two
Channel Electronic Function Generator, CPC/ un-
res

Askania Regulator Co, 240 East Ontario St, Chic-
ago 11, I11 / A/ Philbrick / unres

Battelle Memorial Inst, 505 King Ave, Columbus 1,
Ohio / A, D/ diff anal, CPC, punchcard/ unres

Burroughs Corporation Research Center, Paoli, Pa.
/ D/ Burroughs Laboratory Computer / unres

Cornell Computing Center, Rand Hall, Cornell Uni-
versity, Ithaca, NY / D/ CPC, punch card/ un-
res

Electro-Data Corporation, 717 North Lake Ave ,
Pasadena 6, Calif / D/ CEC 30-201, etc. /
unres

Engineering Research Associates, Division of Rem-
ington Rand, 555 23rd St South, Arlington 2,Va
/ D/ ERA 1101 / unres

General Electric Co, Schenectady, NY / A/ net-
work anal AC and DC, diff anal / unres

The George Washington University, Logistics Re-
search Project, 707 22nd St, Washington, D C /
D / ONR automatic relay computer / unres

Financial Publishing Co, Mathematical Tables Div,
82 Brookline Ave, Boston 15, Mass / D / CPC's,
punch card / unres

The Franklin Inst Laboratories for Research and
Development, 20 St and Benj Franklin Pkwy,
Philadelphia 3, Pa / A/ A.C. network ana -
lyzer / unres

Harvard Computation Laboratory, Harvard University,
Cambridge 38, Mass / D / Harvard IBM Mark I,
Harvard Mark IV / unres

International Business Machines Corp, 590 Madison
Ave, New York, N Y, and elsewhere / D / IBM 701,
650, 604, CPC, punch card. etc / unres
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Machine Statistics Co , 27 Thames St, New York 0,
NY / D/ IBM 604, punch card / unres

Mass. Inst. of Technology, Office of Statistical
Services, Cambridge 39, Mass. / D / IBM 604,CPC,
punch card / unres N

Moore School of Electrical Engineering, 200 South
33 St., Phila. 4, Pa. / A, D/ diff anal, CPC,
punch card / unres

National Bureau of Standards, Applied Mathematics
Laboratory, Washington, D C / D / Seac, Dyseac,
punch card / govtO

National Bureau of Standards, Institute for Nu-
merical Analysis, 405 Hilgard Ave, Los Angeles
24, Calif / D/ Swac, etc / govtO

National Cash Register Company, Electronics Div-
ision, (formerly Computer Research Corporation),
3348 West El Segundo Boulevard, Hawthorne, Calif/
D / Cadac 102A, etc / unres

Northrop Aircraft, Inc, Director of Computing,
Hawthorne, Calif / A, D/ CPC's, Maddida, Bi~
nac, punch card, etc / unres

G A Philbrick Researches, Inc, 230 Congress St,
Boston 10, Mass / A/ Philbrick / unres

Purdue Univ, Dept of Math, Lafayette, Ind / D /
CPC, punch card / unres

Raytheon Mfg Co, Computing Services Section,Wal-
tham, Mass / D / automatic electronic digital
computer, etc / unres

J B Rea Co, Inc, 1723 Cloverfield Blvd, Sant a
Monica, Calif / A, D, simulation / Electronic
Associates analog computer, Beckman EASE analog
computer, CPC / unres

Reeves Instrument Co, 215 East 91 St, New York,
NY/ A/ Reac / unres

Remington Rand, Inc, 315 4th Ave, New York, N Y /
D / Univac, punch card, etc / unres

Rensselaer Polytechnic Institute, Computer Lab-
oratory, Troy, NY / A/ Reeves Electronic
Analog Computer, precision magnetic tape re-

Rome Air Development Center, Computer Facilities
Section, Griffiss Air Force Base, Rome, N Y /
A, D / Elecom 120, Bendix Digital Differential
Analyzer D 12, Reeves Electronic Analog Compu-
ter, Benson-Lehner data reduction equipment ,

etc / govto ) o
corders for analog computing applications /unres

Scientific Computing Service, Ltd, 23 Bedford Sq,
London W C 1, England / D/ - / unres

Swedish Board for Computing Machines, Drottning-
atan 95A, Stockholm, Sweden / D / Bark, Besk /
unres

Telecomputing Corp, 133 East Santa Anita Avenue,
Burbank, Calif / A, D / IBM punch card, CPC's,
automatic graph readers, digital plotters/unres

U S Air Force, Computation Research Sec, Wright
Air Development Center, Wright Patterson Air
Force Base, Dayton, Ohio / A, D / CPC's,Reac’s,
punch card / govtO

U S Army, Ballistic Research Laboratories, Aber-
deen, Md / D / Ordvac, Edvac, Eniac, Bell Model
vV, CPC, punch card / govtO

U S Navy, Naval Proving Ground, Dahlgen,Va / D /
Norc, Harvard Mark II, Harvard Mark III, punch
card / govtO

(continued on page 22)



Forum
THE CAPACITY OF COMPUTERS TO "THINK"

Russell Chauvenet
Silver Spring, Md.

In his article "Reflective Thinking" in
"Computers and Automation", April, 1954, Ell-
iot L. Gruenberg gives a definition of "useful”
thinking (p. 21):

"an operation in which present facts
suggest other facts and induce belief
in the suggested facts on the groun d
of the real relation in the things them-
selves".

Irving Rosenthal, in his forum discussion
in "Computers and Automation”, October 1954,
(p. 28) gives a description of "creativethink-
ing, saying "the process of solution" begins
with "a conclusion which is not logically just-
ified by the premises and facts which have been
accepted up to that point"” and is followed up
by recognition of logical discontinuity, re-
examination, and modification to make premises
and conclusions logically compatible with each
other while still in agreement with relevant
empirical evidence, etc.

This is a remarkable disagreement; and I
for one just cannot allow Mr. Rosenthal's as-
sertions to go unanswered.

We must concede that what Rosenthal de-
scribes is an accurate picture of the way in
which many human brains have functioned in the
past, and it is easy to agree that this ap-
proach to creative thought is unsuitable for
a machine. But we can carry the argument
further —- this method of thinking is als o
unsuitable for humans. Rather than being a
necessary part of the solution of an unsolved
problem, it is more generally a handic ap.
Jumping to illogical conclusions, followed by
an effort to justify them, is a method which
may succeed on occasion. It is also themethod
which produced the phlogiston theory and filled
space with "ether," not to mention many other
such instances.

Indeed, Rosenthal himself indicates quite
clearly the handicap of his approach to the
problem, as in his third paragraph, where we
find.an open expression of emotional hostility
towards the idea that thinking may be defined
so that it is proper to say a machine can think.
Again, in his final paragraph, (believe it or
not)) it is made to appear that the hypothetic-
al reactions of Soviet propagandists should be
a serious factor in reaching a conclusion in
a scientific discussion..

The only other point in Rosenthal 's art-
icle which needs clarification here is the
remark, "It is clear therefore that hum a n
emotional interest and energy is required,
that without passion and will the painful dif-
ficulties of creative thinking could not be
overcome." Here-it is helpful to refer to
Gruenberg's definition again; we note that the
operational feature is not "passion and will"
but the induction of belief in facts suggested,
on grounds subject to logical or empirical
verification.

Certainly, if we are to have a machine
do creative thinking for us, we must supply
the "interest and energy" to state the problem
in machine language and turn on the power.The
design of the machine then ensures that the
problem will be considered. The machine can
clearly be induced to "believe" that it has an
answer, if the answer can be verified from the
data available to it, in which case the answer
will appear as output. If the answer cannot
be so verified, we can conceive of the machine
calling for more information.

Naturally, at this early stage in computer
development, no such machine has beendesigned
and built. But if we accept Gruenberg's log-
ical approach, rather than the too-human emo-
tional one, there seems to be no theoretical
prohibition of such an ultimate machine.

It must be remembered that at presentall
so—called thinking done by computers is merely
the result of a step-by-step execution of in-
structions prepared in great detail and with
much labor by human programmers. The program-
mer in offering the machine "choices" between
subsequent stages of a program must mecessari-
ly detail exactly what must be done following
each choice or possible combination of choices.
His failure to do this will not result in '¥ree—
dom" for the machine, but merely a "bug"inthe
program --— that is, the machine will not pro-
duce the desired results, and probably noteven
anything intelligible.

All this is true because the "mind" of a
computer is so rudimentary at present as to be
hardly recognizable as such without a little
thought. In a human brain the outstandin g
constructional feature which makes it what it
is is the vast interconnecting nerve network
between the various brain cells. Thought in
a mind formed by such a brain is rich with as-
sociations, Subjective experience confirms
that an idea, a plan, or a solution, does not
arise from nothing, but from the existing as-
sociations in the mind. A "guess"”, or "flash
of intuition," may reach the conscious level
of the mind suddenly, but it is hardly likely
to work out well unless the mind has previous-
ly stored much information on the subject.
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CAPACITY OF COMPUTERS

The computers we have today are in a very
different position, since they are comstructed
on the basis of a single control unit to inter-
pret and carry out instructions. This is the
"mind" of the computer —- a very literall y
single-track affair. There is n o mechanic al
provision for the machine to be aware of what
it is doing or why, and there is no associative
network whatever -- the machine "control™ can
only communicate with one memory location at a
time. Consequently there is no inherent mach-
ine capacity for any kind of associative or
self-conscious thought, as the means are lack-
ing. The machine can orly carry out the oper-
ations of thinking as they have been given to
it in the form of commands by the programme r.
If due to mechanical failure to any other sowmce
of error, the order read into "control™ of the
computer is not correct, the machine lacks anmy
means of realizing the error and will proceed
automatically to execute the incorrect order.

The successful use of computers at presemt
is thus a matter of good engineering, aler t
maintenance, and skilled programming; and while
the machines will certainly carry out logical
operations similar to human thinking, theywill
do so only under specific command. "Thinking"
in 1954 computers reduces merely to good pro-
gramming, and these discussions of machine
thought, as Rosenthal correctly observes, have
not thus far been of immediate practical use.

But this is not the final answer. It may
well prove helpful in the future to have mach-
ines capable of creative thought and free from
hunan emotions to consider our various pr o b-
lems. The technical difficulties are great,
but theoretically we can already envisage the
general nature of such a machine. It will clear-
ly require the existence of numerous "control"”
stations within the machine, each with inde-
pendent access to the storage areas, and all
or most with associative linkage to the others,
allowing each "control" to be informed of what
the others are doing. A possible engineering
basis might be the operation of a program from
a drum via a subsidiary drum-control, with as-
sociated and master controls utilizing a bank
of electrostatic storage for amalysis and cor=-
rection of the drum program between executions
of orders in drum-contreol. The overall speed
of this hypothetical machine would very likely
be less than that of our one-control computers
of today. But it would serve a different pur-
pose and its operations would more nearly re-
semble logical human thinking than anything we
have now.

The early forms of such a machine would
of course’' still require considerable program-
ming, but would offer the advantage that the
machine could be "aware" of what it was doing,
"observe" its own operation, and interfer e
making necessary corrections if for amy reason

an illogical operation mot part of the current
process should be introduced into a subsidiary
control. Ultimately, the programming burden
would be largely taken over by the machine
itself. It would be sufficient to supply a
more or less brief statement of the problenm,
with good expectation of getting a logical
answer.

The present efforts of many comput e r
groups to build up extensive sub-routine 1 i-
braries and perfect efficient compiling tech-
niques on our present ome-control comp uters
are of course of immediate practical use. But
if we are to talk about thinking in machines,
admittedly a fascinating topfc, it is develop-
ment along the lines discussed above that ap-
pears to offer the most promising prospects.

* * - *

NOTICES
(continued from page 13)

should use examples, details, comparisons, ana-
logies, etc., whenever they may help readers to
understand a difficult point. He should give
data supporting his argument and evidence for his
assertions. We look particularly for articles that
explore ideas in the field of computers and auto-
mation, 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 $50 on publication. A suggestion
for an article should be submitted to us before
too much work is done.

Technical Papers. Many of the foregoing require-
ments fer articles do not necessarily apply to
technical papers. Undefined technical terms, un-
familiar assumptions, mathematics, circuit dia-
grams, etc., may be entirely appropriate. Topics
interesting probably to only a few people are ac-
ceptable. No payment will be made for papers. If
a manuscript is borderline, it may be returned to

the author to be modified to become definitely
either an article or a paper.

- END -
* * L

ROSTER QF AUTOMATIC (I)MPUTIN? SERVICES
(continued from page 20

University Mathematical Laboratory, Free School
Lane, Cambridge, England / D / Edsac / unres

University of Michigan, Willow Run Research Cen-
ter, Ypsilanti, Mich / D / Midac, etc / unres

Univ of Toromto, Computation Centre, Toronto,
Ont, Canada / D / Ferranti / unres

Univ of Wisconsin, 306 North Hall, Madison 6, Wisc/
A, D/ Philbrick, CPC, punch card / unres

Wayne University, Computation Laboratory, Detroit
1, Mich / A, D/ diff anal, Burroughs Unitized
Digital Electronic Computer, etc / unres

Westinghouse Electric Corp, Industry Engineering
Dept, East Pittsburgh, Pa / A, D / Anacom net-
work anal AC and DC, punch card / unres

- END .
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FINDING OUT THAT SOMETHING EXISTS

Neil Macdonald
COMPUTERS AND AUTOMATION

In the November issue of "Computers and
Automation" the following remarks appeared in
the Editor's Notes:

Crucial Knowledqe -— the Know ledge
that Something Exists. Often when one
investigates a subject, the crucial knowl-
edge is finding out that something exists
or can be done. For instance, if you are
investigating from whom to buy an automatic
inventory machine, the crucial knowledge
is finding out who offers such machines
for sale. A man who has never heard
that the ABC Company offers automatic in-—
ventory machines for sale is hardly in a
position to consider buying from them.

To supply this crucial knowledge of
existence in the field of computers and
automation we have published various kinds
of rosters and reference lists; there are
now ten kinds. And in this issue overll
pages have been used to give a cumulative
Roster of about 230 organizations in the
field of computers and automation.

Yet one reader, whom we shall call J.
Moines since that is not his real name,
has said to us "You should not publish
this valuable information for so little;
you should restrict it, give it only to
advertisers perhaps, keep it for your own
advantage." We don't agree with Mr.Moines.
Our purpose as a magazine is to be as use-
ful as we can be; and we believe these
rosters and lists help the men in the field.
What do you think?

The magazine received an interesting reply
to these remarks from Sam C. Black, Jr.,office
manager of a rubber company in Denver, Colorado.
Referring to "the question arising from your
difference of opinion with a certain J, Moines",
he said:

"I heartily support your position --
your publication of the information in
question has been of extreme value to me
and my staff. And I am sure that the same
position will be taken by all of you r
subscribers who have problems similar to
ours. ... Early last spring, our manage-
ment asked us to begin a program of ag-
gressive research aimed at as high a degree
of office mechanization as practicable.”

We are glad that our reference information
is useful. And it has occurred to us on the
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editorial staff of "Computers and Automation”
that, since we now have ten or more kinds of
reference information published in the magazine,
it would be a help to print a guide toat least
some of it. In this way we can make it easier
for our readers to find information they may
desire.

Organizations

Who are the companies in the field of
computers and automation, and what do they
make?

The answer to this question is the reason
that this magazine is in existence. For we
began in September 1951 to issue a purple dit-
toed list of companies and other organizations
(government agencies, university laboratories,
etc.) making or developing automatic computing
machinery and related items. This has nowbe-
come the "Roster of Organizations in the Field
of Computers and Automation". The definition
of the territory now included is "organizations
making or developing automatic computingmach-
inery, or systems, or data-handling equipment,
or equipment for automatic control or materials
handling”. But the emphasis continues tobe on
the computing machinery field, and thelist is
not as complete as we would like it to be in
the related areas.

The last cumulative listing was published
in the issue of November 1954, vol. 3, no. 9,
pp. 9-19, 30; and it contains over 230 organ-
izations. In each issue of the magazine we
bring this Roster up to date, publishing a
supplement.

Typical entries may be seen in the Roster
in this issue.

Who are the companies or organizations
which provide computing services, using at
least some kind of automatic computer?

These organizations, so far as we know
them, are listed in a "Roster of Automatic Com-
puting Services”. If any service organization
has an IBM 604 (electronic calculating punch)
or any more capacious computing equipment,
either analog or digital, we desire to include
that organization in this list. Here again we
are not yet satisfied with the inclusiveness
of the listing. But evidently people read the
list, and write us asking that their organiza-



FINDING OUT THAT SOMETHING EXISTS

tion be put in; and this we are glad to do.

The latest cumulative listing of "Roster
of Automatic Computer Services" is published
in this issue of "Computers and Automation”,
January 1955, vol. 4, no. 1, and contains 40
organizations. Supplements to the listing are
not necessarily published in each issue. Typ-
ical entries may be seen in the Roster in this
issue. :

Computing Machinery and Automation

What are the types of automatic computing
machinery? We recently moticed that itis sens-
ible to recognize about 30 different classe s
of automatic machinery for handling information.
They range through accounting-bookkeeping ma-
chines, game-playing machines, toll recording
equipment, vending machines, etc., not to men-
tion the obvious two classes, analog computers
and digital computers. It is desirable to keep
in mind how diverse is the new field of auto-
matic machinery for handling information, and
so we publish a reference list.

The last cumulative listing "Automatic
Computing Machinery — List of Types" appears
in the November 1954 issue, vol. 3, no. 9, pp.
24-25, 30. Supplements are not necessaril y
published in each issue.

A typical entry is:

Inventory machines, which will stor e
as many as ten thousand totals inanequal
number of registers, and which will add
into, subtract from, clear, and report the
contents of any called-for register (these
machines apply to stock contrel, to rail-
road and airline reservations, etc.).

How many models of automatic computers
are there, and which are they?

There are over 150 automatic computers,
nearly all of them constructed since 1944. They
range from ABC and Arra to X-RAC and Zuse Model
5. They are listed in "Automatic Computers ——
List"; and the latest information that we have
is contained in:

"Automatic Computers -—— List" (cumula-
tive), July 1954, vol. 3, no. 6, pp.l8-20,
26, containing brief information about
130 models of automatic computers

"Automatic Computers —— List" (supple-
ment), October 1954, vol. 3, no. 8, pp.15-
16, containing information about 54models
of automatic computers.

A typical entry (eliminating the abbrevi-
ations is:

ABC (Automatic Binary Computer) / made
by the Air Force Cambridge Research Cent~
er, Cambridge, Mass.; located there/ gen-
eral purpose; electronic digital computer;
medium size; quantity, one.

If models of automatic computers are exam-
ples of automatic computing machinery, what are
similar examples of automation?

This is not nearly so definite a question
of course as the last one, but we have trie d
to answer it by constructing somewhat the same
sort of list for automation. The first suc h
cumulative listing was "Automation — List of
Outstanding Examples”, which appeared in the
July 1954 issue, vol. 3, no. 6, p. 13. It con-
tained 16 examples, of which one was:

Ordnance: shells for explosives / W.F.
and John Barmes Co., Rockford, Ill. /
Factory makes shells from start to finish
without touching by human hands.

Supplements to this listing have beenpub~-
lished from time to time in Forum. We expect
that another cumulative listing will be pub-
lished before long.

Words

.What are the special terms used in the
field of computers and automation, and what do
they mean?

This is a question in which we have been
much interested ever since the purple ditto
list which we first published turned into the
photooffset magazine which we now publish. For
the meanings of the special terms of a field
constitute a most important clue to the import-
ant information in that field; they point out
the key ideas. Several glossaries, and a num-
ber of discussions of problems of glossar y-
making, have been published in "Computers and
Automation”.

The last cumulative glossary published in
"Computers and Automation" appears in the De-
cember issue, vol. 3, no. 10, pp. 8-23, entitled
"Glossary of Terms in the Field of Computers
and Automation". It contains definitions of
over 400 terms and expressions. We expect that
supplements will be published from time to time,
and that a cumulative glossary may be published
perhaps once a year. In these glossaries the
editors have not attempted to establish by de-~
cree the meanings of terms, but simply report
meanings and usage.

- 24 -



FINDING OUT THAT SOMETHING EXISTS

Examples of some of the entries in the
glossary are:

biquinary notation — Numbers. A scale
of notation in which the base is alter-
nately 2 and 5. For example, the number
3671 in decimal notatiom is 03 11 12 01
in biquinary notation; the first of each
pair of digits counts O or 1 units of five,
and the second counts 0, 1, 2, 3, or4 u-
nits. For comparison, the same number in
Roman numerals is MMMDCLXXI. Biquinary
notation expresses the representation of
numbers by the abacus, and by the two
hands and five fingers of man; and has
been used in some automatic computers.

cybernetics —— 1. The study of control
and communication in the animal and the
machine. 2. The art of the pilot or steers-
man. 3. The comparative study of complex
information-handling machinery and the
nervous systems of the higher animals in-
cluding man in order to understand better
the functioning of brains.

magnetic core — Computers. A form
of storage where information is repre-
sented as the polarization north-sou th
or south-north of a wire-wound magnetic-
ally permeable core, which may be straight,
doughnut-shaped, etc.

Information and Publications

What about books, magazines, and other
publications in the field of computers a mn d
automation?

From time to time we publish a 1is t of
books and other publications related to com-
puters and automation with short notes ab out
them. A current example of entries in "Books
and Other Publications™ appears in this issue
January 1955, vol. 4, no. 1. The previous
listing appeared in the October issue, vol.3,
no. 8, pp. 21-26, and contained 42 entries.
The information has mot so far beem cumulated.
Also, some of the articles and papers that we
publish contain bibliographies: a notable ex-
ample appears in the paper by John E, Nolan in
this issue.

In every issue from July 1953 to the pres-
ent one, has appeared "Patents”, a listing of
patents related to computing machinery, com-
piled by Hans Schroeder. Examples of entries
appear elsewhere in this issue. The informa-
tion has not so far been cumulated.

We have also printed a "Roster of Maga-
zines Related to Computers and Automation" .
The last cumulative listing appeared in the Sep-
tember issue, vol. 3, no. 7, pp. 17 and 25. A

typical entry eliminating abbreviations is:

Scientific American / monthly / pub -
lished by Scientific American, Inc., 2
West 45 St., New York 36, N. Y. /emphasis:
ideas and developments in all phases of
science, reported for educated men in other
specialties / directed to techmical man-
agement; paid-for; annual subscription
$5.00 / circulation about 120,000 / ¢ o n-
tains advertising.

Occasional articles on computers and
automation. The September 1952 issue
was devoted to "Automatic Control".

People

Who are the people in the computing mach-
inery field, what are they like, what are they
interested in, and what do they do?

The answer to this question constitutes .
the tenth kind of reference information which
we have published.

This is a "Who's Who in the Field of Com-
puters and Automation"., The first edition o f
this Who's Who was published in about seven or
eight sections from January 1953 to January
1954, A typical -entry, eliminating abbrevia-
tions, follows:

Summer, Charles / technical engineer,
Analog Computation Laboratory, Aircra ft
Nuclear Propulsion Department, System s
Engineering Group, General Electric Co.,
Evendale, Ohio / interested in applic a-
tions, electronics, mathematics, analog
computation, simulation systems / born
1921; graduate Ohio State University, Ba-
chelor of Science in physics; entered
computing machinery field in 1952; occu-
pation technical engineer.

We have been puzzled about what todoabout
bringing the Who's Who up to date. We are sure
that the Who's Who has been used, and that people
have found it useful. But to bring it up to
date and include all the names of persons whom
we know are in the field is an enormous task,
and one that is bound to be expensive. We shall
be glad to have comments from our readers on
this subject.

As Sam C. Black, Jr., indicates, we, the
editors of "Computers and Automation”, desire
to publish reference infoxmation which will be
of "extreme value" to our readers, information
that can hardly be obtained in any other way.
We shall be glad to have comments, suggestions
and criticisms from any of our readers for this

urpose.
puzp - END -
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AN INSIDE-OUT MAGNETIC DRUM

Neil Macdonald
New York

A new idea in memory for automatic co m-
puters has been announced by the Clevite-Brush
Development Co. of Cleveland. This development
consists of a new combination of three oldele-
ments: a drum, a magnetic tape, and a row of
magnetic heads.

The row of heads is placed in a new lo-
cation: inside the drum —- see Figure 1. The
tape is put half around the drum.

The moving row of heads can write, read,
or erase on the inside of a stationary section
(call it a "page") of the wide magnetic tape
which touches the drum. Because the drum it-
self rotates rapidly, the heads it contains
can read any part of the page in a small frac-
tion of a second. The information passing
through the magnetic heads is transferred through
slip rings on the shaft of the drum tothe rest
of the machine.’ Whenever desired, -however, any
other "page™ on the roll of magnetic tape can
be turned to, and that page consulted instead.
Between the moving drum and the moving tape
there is a film of air so that hardly any wear
on the tape results.

With the usual magnetic drums, one hasto
use additional drums when the information that
must be stored exceeds the capacity of the drum;
but with Brush's new idea, all that is needed
is to move the tape a little., Information is
accessible by means of three coordinates: the
page (the section of the tape), the column
(the channel on the tape), and the line (angu-
lar position relative to the drum).

In the model announced, the tape is 14
inches wide, and there are 128 magnetic read-
ing and recording heads in the drum. The sec-
tion of tape accessible to the heads at anyone
position of the tape contains 200,000 binary
digits, and the average access time to any bit
of information on a page is 1/40 of a second.
The whole system can store more than 100 mil-
lion bits of information. Variations,ofcourse,
are possible, depending on the width of the
drum, the width of the tape, the packing of
the pulses, the width of the channels or tracks,
and the length of the tape.

Brush calls their device the "Tapedrum"
(a trademark) .

- END -
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Forum
AUTOMATIC LITERATURE SEARCHING

U. S. Dept. of Commerce,
Washington, D. C.

According to a release by Secretary of
Commerce Weeks, a special advisory committee
has been appointed to consider the application
of automatic literature searching devices to
the operations of the U. S. Patent Office.

The committee is headed by Dr. Vannev ar
Bush, President of Carnegie Institution,and its
members include representatives of the National
Bureau of Standards, the Office of Technical
Services, the National Research Council, the
Library of Congress, the Bureau of the Census,
the National Science Foundation, the Rocke-
feller Foundation, and the Patent Office.

The Secretary of Commerce has invited
inquiry and suggestions from organization s
interested in the project.



Truer Input Functions in Electronic Analeg Computers

T. J. Keefe, Jr.
New !laven, Conn.

Summary

Functions used as inputs into an electronic
analog computer may be introduced by means of a
component in the computer called a "function fit-
ter". This component is designed to cause the out-
put voltage of the component to follow an assignable
function of the input voltage. It uses an approx-
imation consisting of ten connected line segments,
each of which may be independently adjusted both
as to slope and length.

Such functions of course are sharp-cornered,
and will produce some errors in the quantitative
analysis of the equations in the computer. This
difficulty may be minimized by using two banks of
computer components, the first of which modifies
or smoothes out the input curve to a more desirable
shape, and the second which uses the output of the
first for the purposes of analysis. Furthermore,
some functions which cannot be formed on the func-
tion fitter may be produced as one of the outputs
~of a properly arranged spring-mass system. The
output displacement, velocity, or acceler ation
curve may then be used as the input function for
the second bank of components if it possesses the
desired shape.

Discussion

One of the most important uses for an analog
computer is the study of dynamic spring-mass sys-
tems regarding displacements, velocities, and ac-
celerations of points within the system, In a
great many cases the displacement characteristics
of the system are known or can readily be deter-
mined by means of a recording oscillograph. Once
the displacement pattern of a machine part is de-
termined, its velocity and acceleration curve s
may be readily obtained by the computer, as well
as the effects on these three curves resulting
from changing the mass, stiffness, or amount o f
damping within the system. There is, however, a
limitation on the accuracy with which these curves
or changes in them may be quantitatively computed
if the displacement curve or input function varies
from a pure sine wave or pure step wave. The lim-
itation results from the fact that the function
fitter-box of the computer must be used in an at-
tempt to duplicate the displacement curve for the
purpose of introducing that function into the com-
puter. The function-fitter box is capable of
setting up a function incrementally, i.e., it is
possible to obtain with it straight lines of var-
ious desired slopes running sequentially along the
‘time axis. Naturally, if the desired input func-
tion is a continuous curve of changing slope, the
product from the function fitter is only an approx-
imation of the true curve, and the resulting vel-
ocity and acceleration curves will be quantitative-
ly in error.

The purpose of this paper is to explain briefly
and illustrate with examples the method by which
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input functions can be produced which will more
truly represent the desired input curve. There
are two general methods of attack which can be
used to this end. One is the "Modified Function
Fitter" method, and the second is the "Double
Spring-Mass System” method. Both of these meth-
ods for obtaining the desirable input function
embody basically the same principle. The appli-
cation of this principle differs, however, for the
two cases.

The basic principle is very simple and is as
follows. Two banks of computer components ar-
ranged in series are used instead of one. The
purpose of the first bank is to produce an output
function which resembles as nearly as possible
the desired input function. This output is then
merely introduced into the second bank asits in-
put function and the desired effect is obtained.

The first or "Modified Function Fitter"meth-
od of approach uses the original input function,
that which is created in the function fitte r.
Referring to Fig. 1, assume that the input func-
tion is a displacement x (for example, the di s-
placement curve of a cam), and it is desired t o
study the displacement, velocity, and acceleration
characteristics of a remote machine part which is
driven by the cam through a series of linkages.
This system may then be introduced into the com-
puter in the manner shown in Fig. 2a.

Referring to Fig. 2a, it can be seen that
the equation of motion for this dynamic system
is

F_ . -Md2y -Cdy-Ky=0 )]
® a2 dt

where F(;) is the force as a function of time, M
is the mass of the driven or output member, C is
the damping coefficient, and K is the springscale
of the system. Referring then to Fig. 2b, it is
apparent that F(;) may be represented as

Equation (1) then becomes
Ky (x-y) -Md2y -Cdy -Ky= 0 3
1 EZ' dt

Equation (3) may then be fed into the analog com-
puter with x equaling the input from the function
fitter and y equaling the output function fro m
the first bank of components. Referring to Fig.
3, it may be seen that the initial conditions are
established by a sine wave applied as a stimulus
to the function-fitter box. The dials on the
function fitter box are then arranged in positions
which produce the input function x which matches
as closely as possibly can be attained the true
shape of the displacement curve. Once the co m-
puter is arranged in this manner, it will now be
possible to manipulate the mass, spring constants,
and damping factor on the C-boxes to produce the
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Figure 1 -- Typical cam
driven mechanism in a
machine suitable for ana-
lysis on an analeg com-
puter. M = Mass of jack
and linkage. X(¢) = Cam
displacement curve as a
function of time. y(¢)=
Jack displacement curve
as a function of time.

k; = Spring scale of link-
age. ko= Spring scale
of back-up spring.

Ww» e “q)“gw@iw; e
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Figure 4 -- Oscilloscope patterns gemerated by the "modified function fitter" method. 4-1: Sine
wave into function fitter. 4-2: Input motion "x" into first bank of components (note sharp cor-
ners) . 4-3: Output motion "y" from first bank of components x', the input motion into second bank
5 components, 4-4: Output ve10c1ty from first bank of components. 4-5: Output acceleration
H7¥ from first bank of components. 4-6: Output motion y' from second bank of components. 4-7:

Output velocity dy' from second bank of components. 4-8: Output acceleration d2 5 from second
bank of components.
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output function, y, which will duplicate exactly
the original sharp cornered input function. Then
by further manipulation the y curve can be smooth-
ed out considerably, in fact, to the point where
it appears exactly like the desired input curve.
This curve is now used as the input function, x|
which is introduced into a second bank of compo-~
nents similar in every way to the first bank
Once the desired shape of the output of the first
bank has been obtained and fed to the second bank,
the dial settings of the first bank may be for-
gotten and never changed again. The effects of
changing the masg, spring force, or damping may
then be observed on the output y', of the second
bank. Furthermore, the velocities and accelera~
tions of the jack are much more accurately shown
on the oscilloscope than in the case where the
input function was taken directly from the func~
tion-fitter box. Quantitatively, the errors in
the system are reduced to a minimum and could be
reduced to zero if the output function of the first
bank could be made to exactly reproduce the dis-
placement curve of the cam. This method may then
be used for determining velocities and accelera-
tions and changes in them with a maximum of ac -
curacy and a minimum of effort.

In the photographs in Fig. 4, is a compari-
son of the curves produced by using this method
with those produced from using the non-continu-
ous input function.

The "Double Spring-Mass System" method is
quite similar to the "Modified Function Fitter"
method, and is in some ways more useful. Many
functions for some reason or another are diffi -
cult to obtain even approximately on the function
fitter. In many instances, however, very g ood
approximations of these functions can be obtain-
ed by the use of a spring-mass system with close
attention being paid to the spring and damping
factors as well as the mass. For example, a de-
sired input function may resemble either another
displacement or acceleration or velocity function
of some spring-mass system which uses as an in-
put, for instance, a single force impulse which
is very easy to obtain in a function-fitter box.
With such a spring-mass system set up. in the first
bank of components, skillful manipulation of the

parameters in the system can produce hundreds of .

different curves on the oscilloscope. This fact
almost guarantees that one of these curves will
closely resemble the desired input function or a
portion thereof. This output curve, therefore ,
whether it is displacement, velocity, or accele-
ration from the first bank may then be employed
as the input to the second bank and the subse -
quent results may be studied with a considerable
amount of accuracy. Naturally, in every instamce
the accuracy gained in the end is merely a func-
tion of how closely the output curve from the
first system may be made to resemble the desired
input. Furthermore, the process of adding banks
of components need not stop with two. If thecom-
ponent boxes are available, as many banks as are
needed may be used until the desired degree of
accuracy is obtained. Also, if the input func -
tion is constantly changing in shape for a long
period on the abscissa, portions of it may be ta-
ken at one time and studied on the computer. The
resuits for the wnole curve are merely obtained
by putting the pieces together.
- END -
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PROCESSING, TRANSMISSION
AND CORRELATION IN
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ENGINEERS
8
PHYSICISTS

Digital computers similar to the successful
Hughes airborne fire control computers
are being applied by the Ground Systems
Department to the information processing
and computing functions of large ground
radar weapons control systems.

The application of digital and transistor
techniques to the problems of large ground
radar networks has created new positions
atall 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.
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disruption of an urgent military project,
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Analog Computers and their Application to Heat Transfer and Fluid

Flow—Part 3 ( Concluding Part)

(Parts 1 and 2 were published in the November and December issues.)

John E. Nolan
Westinghouse Electric Corporation, Pittsburgh 30, Pa.
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Roster of Organizations in the Field of Computers and Automation

(Supplement, information as of December 3, 1954)

The purpose of this Roster isto report organizations
(all that are known to us) making or developing
computing machinery, or systems, or data-handling
equipment, or equipment for automatic control and
materials handling. In addition, some organiza-
tions making components may be included in some
issues of the Roster. Each Roster entry when it
becomes complete contains: name of the organization,
"its address and telephone number, nature of its in-
terest in the field, kinds of activity it engages
in, main products in the field, approximate number
of employees, year established, and a few comments
and current news items. When we do not have com-
plete information, we put down what we have.

We seek to make this Roster as useful and inform-
ative as possible, and plan to keep it up to date
in each issue. We shall be grateful for any more
information, or additions or corrections that any
reader is able to send us.

Although we have tried to make the Roster camplete
and accurate, we assume no liability for any state-
ments expressed or implied.

This listing is a supplement to: the cumulative
listing containing over 230 orgamizations publish-
ed in the November issue of "Computers and Auto-
mation”, vol. 3, no. 9, pp 9 to 19 and 30; and the
supplement in the December issue, vol. 3, no. 10.
This listing contains only additions or corrections
as compared with previous listings.

Abbreviations
The key to the abbreviations follows:

Size

Ls Large size, .over 500 employees

Ms Medium size, 50 to 500 employees

Ss  Small size, under 50 employees (no. in
parentheses is approx. no. of employees)

When Established

Le Long established organi zation (1922 or
earlier)

Me Organization established a "medium"” time
ago (1923 to 1941)

Se Organization established a short time ago
(1942 or later) (no. in parentheses i s
year of establishment)

Interest in Computers and Automation
Dc Digital computing machinery

Ac  Analog computing machinery

Ic Incidental interests in computingmachinery
Sc  Servomechanisms

Cc  Automatic control machinery

Mc  Automatic materials handling machinery

Activities

Ma Manufacturing activity
Sa  Selling activity
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Ra Research and development

Ca Consulting

Ga Government acticity

Pa Problem-solving

Ba Buying activity
(Used also in combinations, as in RMSa
"research, manufacturing and selling
activity™

#*C This organization has kindly furnished us with
information expressly for the purposes of the
Roster and therefore our report is likelyto be
more complete and accurate than otherwise might
be the case. (C for Checking)

ROSTER

Argonne National Laboratory, Box 299,Lemont, I11./

Lemont 800
Maker of Avidac and Oracle automatic digital
computers and other computers, for own use
and other government agencies. ?s ?e DAIc
RMGPC a

Audio Devices, Inc., 444 Madison Ave., New York
22, N, Y. / Plaza 3-0973

Magnetic tape guaranteed defect-free. ?s
?e Ic RMSa

Bendix Aviation Corporation, Eclipse-Pioneer Div-
ision, Teterboro, N. J. / Hasbrouck Heights 8 -
2000

Some computing equipment and components. <?s
?e Dc RMSa

Edmund C. Berkeley and Associates, 815 Washington
St., Newtonville 60, Mass. / Decatur 2-5453 or
2-3928 )

Courses by mail in automatic computin g ma-
chinery and other scientific subjects. Ss(3)
Se(1948) Dc Ca Affiliated with Berkeley
Enterprises, Inc.

Berkeley Enterprises, Inc., 36 West 11 St., New
York 11, N. Y. / Algonquin 4-7675-/ and 815
Washington St., Newtonville 60, Mass. /Decatur
2-5453 or 2-3928 / *C

Small robots, etc. Logical design, applic a-
tions, marketing, etc. of automatic informa-
tion handling machinery. Publisher of "Com-
puters and Automation"and other publications.
Ss(8) Se(1954) Dc RCMSa  Affiliated with
Edmund C. Berkeley and Associates.

Burroughs Corp., Electronic Instruments Div., 1209

Vine St., Philadelphia, Pa. / Locust 7-1401
Electronic computing equipment: large auto-
matic digital computer, UDEC; small autamatic
digital computer, E10l1. ?s ?e Dc MSa

Epsco, Inc., 588 Commonwealth Ave., Boston 15,
Mass. / Commonwealth 6-3228

Magnetic shift registers, tramsistors, delay
lines, and other components for computers,
systems, automatic control, etc. Ss(20)
Se(1954) DIc RMSCa

K C S Data Control, Ltd., Box 38, Postal Station
J, Toronto 6, Ont., Canada )

Consulting, engineering, and programming in
(continued on page 37)
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Raytheon *‘Single Line’ Shift
Registers are “‘two-state’” stot-
age devices designed to be in-
terconnected so that stored in-

formation may be advanced by . -

the application of a current
pulse, They employ only one

magnetic core and only one di- -

ode per unit of information
stored. Available in 100 KC
and 500 KC single-stage units -
packaged in plastic cases with -
 diodes clip-mounted for easy
removal. .

OTHER MAGNETIC CORE PRDD!’CTS

1o addition to the above stand- .
ard items, Raytheon can design
and produce to specification
complete shift register systems,
coincident-current” memories,
core-diode buffer memories as

-well as logical and arithmetic
CerultS

| “Sing.le Line”
MAGNETIC SHIFT
REGISTERS

'SR-100 e 100 KC

e 500 KC

Wni’e for Bulletin DL-Y-7 §> .
TECHN?CAL SALES DEPARTMENT x ’

RAYTHEON

MANUFACTQR!NG COMPANY‘

WAL‘!’HAM,

MkﬁSACﬂUSETTS
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ican Society of Civil Engineers, LXXVIII, Separate
No. 139 (July 1952).

149. Millstone, Sidney D., "Electric Analogies
for Hydraulic Analysis —— Part III", Machine Design,
XXV, pp 131-135 (February 1953).

151. Paynter, J. M., "Electrical Analogies and
Electronic Computers: Surge and Water Hammer Prob-
lems", Proceedings of the American Societyof Civil
Engineers, LXXVIII, Separate No. 146 (August 1952).

152. Poritsky, H., Sells, B. E., and Danforth,C.
E., "Graphical, Mechanical, and Electrical Aids
for Compressible Fluid Flow . Journal of Applied
Mechanics, XVII, pp 37-46 (March 1950).

153. "Water Behavior", Mechanical Engineering,
LXXII, pp 411-412 (May 1950).

- END -

- a7

ROSTER OF ORGANIZATIONS
(continued from page 36)
the digital computer field. Ss(3)
Dc RCPa .
Litton Industries, Beverly Hills, Calif.
Purchaser of Digital Control Systems, I nc.
Radar systems with monopulse technique s,
electronic countermeasures equipment, auto-
matic flight controls, airborne radar magne-
trons, etc. Some digital computer products.
Ls(650) Se(1954) DAIc RMSa
Norden-Ketay Corporation, 555 Broadway, New York
12, N. Y. / Digby 9-2717 / and elsewhere
Planned new name of Ketay Instrument Corpor-
ation, referring to merger of Ketay Instrument
Corp. (see Nov. 1954 listing) and Norden Lab-
oratories of Milford, Conn., and WhitePlains,
N. Y.

Se (1954)

- END -



Forum
DECIMAL PLACES

Bill Danch
Woodstock, N.Y.

" — Whew! I have now computed pi to 3000 decimal places:"
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sensitive, rugged, compact!

Automatic Electric
PTW Relay

helpful technical data

Make and Break—175%, total “make” on both contacts at 60 cycles per
second with .006” contact gap and 23 milliamperes of sine wave ac.
Simple, easy re-adjustment can be made in the field.

Windings—Four windings: two line-windings, each 139 ohms resistance
and only .5 henry inductance; other two windings, each 101 ohms and
.125 henry. The number of coil turns to be placed in series aiding can
vary from 1400 to 8400.

Cover—Snap-on cover easily removed for inspection and adjustment
of relay.

Mounting—Jack mountings, available for ftush or surface mounting.
Size—2Y4" wide, 215" deep and 211" high (plus %" projection of
banana plugs).

For more detailed information, ask for Circular 1821,
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Here’s a new polar relay that will soon be setting
records for long service life! Its sensitivity gives peak
performance for high-speed polarized pulse repeating,
or for applications where low current is transmitted
over long lines. The Series PTW Relay is also recom-
mended for line-current direction indication or as a
differential relay in the “Wheatstone Bridge” type of
control. Advanced features include:

simplified design and long service life

New design eliminates many parts and adjustments
formerly required. Relay gives billions of operations
without re-adjustment.

extreme sensitivity

Unit operates on currents as low as 2 to 12 milliam-
peres, depending upon number and combination of
windings used. Signals as low as 10 milliwatts through
the two line-windings will “‘trigger”’ the relay.

reduced bounce and wear

A new method of armature support limits longitudinal
movement. There are no bearings to wear . . . the
usual rocking motion in contact make-and-break is
reduced. Armature bounce is virtually eliminated;
contacts last longer.

improved characteristics in smaller size

Because of increased magnetic efficiency, the coils take
less space and need fewer turns. The lower coil imped-

- ance of this compact unit gives improved character-

istics.

fast response

Travel time is as low as .9 milliseconds, depending
upon contact gap and windings used.

send for circular

For a small, fast, sensitive polar relay that out-per-
forms and outlasts all others, specify this new Auto-
matic Electric Series PTW Relay. For details ask for
Circular 1821. Write: Automatic Electric Sales Corpo-
ration, 1033 West Van Buren St., Chicago 7, Ill. In
Canada: Automatic Electric (Canada) Ltd., Toronto.
Offices in principal cities.

SWITCHES

AULTOMATIL ‘ ELELTRIL

®
CHICAGO

RELAYS




BOOKS AND OTHER PUBLICATIONS

(List 10, Computers and Automation, vol. 4, no. 1, Jan. 1955)

This is a list of books, articles, periodicals, and other publications which have a significant
relation to computers or automationr, 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, number of pages,
price or its equivalent / a few comments. If you write to a publisher or issuer, we would ap-
preciate your mentioning the listing in COMPUTERS AND AUTOMATION.

Groelinger, Herbert J. / Inventory Control ture, multiple-choice situations, an

Under the Program-Usage-Replenishment Sys-—
tem Defined for Electronic Processing; NBS
Report 3651 / National Bureau of Standards,
U. S. Dept. of Commerce, Washington 25, D.C.
/ 1954, photooffset, 164 pp, price?
The problem leading to this report is
the problem of the Naval Aviation Supply
Office in Philadelphia in calculating
the anticipated inventory requirements
necessary for the support of aircraft
operations throughout the Navy. The re-
port was written in order to prepare to
use a large scale general purpose elec—
tronic digital computer for performing
that calculation. The report contains
a careful and elaborate descriptio n,
or "definition", of the work tobe done.
It also contains a glossaryand to some
extent explains the inventory philosophy
being used, but mostly it is a techni-
cal flow-chart "definition" of the work
to be done.

Shea, Richard F., and others (Electronics Lab-

oratory, Gemeral Electric Co.) / Principles
of Transistor Circuits / John Wiley & Sons,
440 4th Ave., New York 16, N.Y. / 1953
printed, 535 pp, $11.00
A basic text: 22 chapters; 14 pages of
definitions of symbols; 8 pages of bib-
liography. Covers subjects such as
semiconductor principles, types and
characteristics of transistors, design
of amplifiers, high-frequency circuit
design, matrix methods of circuit anal-
ysis, noise in transistors, etc. Chap-
ter 19 is entitled "Computer Circuits”.

Thrall, R. M., and others / Decision Processes

/ John Wiley and Sons, 440 4th Ave., Ne w

York 16, N.Y. / 1954, photdoffset, har d

cover, 332 pp, $5.00
Contains an introduction and 18 papers
presented at, or developing from, the
Univ. of Michigan and Ford Foundation
seminar on "The Design of Experiments
in Decision Processes” held in 1952 at
Santa Monica, Calif. Subjects include
mathematical models, games against na-
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economic theory of orgamizationand in-
formation, etc. Some papers are pure
mathematics, others are reports of em-
pirical studies.

Ver Planck, D. W., and B. R. Teare, Jr. / En-

gineering Analysis / John Wiley and Sons,

440 4th Ave., New York 16, N.Y. / 1954,

printed, 344 pp, price?
A case method presentation of the phil-
osophy and procedures in "engineering
analysis”, a technique for develop ing
a student's capacity to anmalyze prob -
lems from an experienced engineer's
point of view. Many examples and fre-
quent exercises are given. There are
51 pages of applied problems for "case
study”". The authors are at Carnegie
Inst. of Technology..

Alden, William L, and six more / The Automatic

Office: A Study of the Applkation of Elec -
tronic Digital Computer Principles to the
Automatization of Clerical and Accounting
Routines / William L. Alden, Alden Systems
Co., Alden Research Center, Westboro, Mass,
/ 6th printing, Sept. 1954, photooffset, 48
pp, $5.00
This is a report by a group of seven
students in the Harvard Graduate Schod
of Business Administration, first prin-
ted Feb., 1952. Chapters cover: history
of calculating machinery, how electron-
ic computers work, design requirements
for a business computer, factors affec-
ting the adoption of business computers,
etc.

Davis, M, E. / Some Current Thoughts on the

Possible Use of Magnetic Tape Policy Files
in a Life Insurance Office / Metropolitan
Life Insurance Co.,, One Madison Ave, New
York 10, N. Y. / October, 1954, photooff -
set, 17 pp, free
A brief but thorough report made to the
Society of Actuaries about studies, con-
siderations and factors in connection
with the use of an electronic data pro-
cessing machine in the life insuranc e
business.



FERRANTI

HIGH SPEED
TAPE READER

FAST Tape is read at speeds up to 200 characters per second. The tape can be
stopped from full speed within .03 inch, and can be accelerated from rest

to full speed in 5

VERSATILE A simple lever
7 hole tape.

mili seconds.
adjustment adapts the Reader for either 5 hole or

SIMPLE The tape is easily inserted and the friction drive takes splices without dif-
ficulty. A tape may be passed through the reader thousands of times

without apprecia

ble wear.

FERRANTI ELECTRIC, INC. 30 Rockefeller Plaza, New York 20, N. Y.

ULTRASONIC DELAY LINE
TYPE
SEmAL NO. RN

ANDERSEN LAR
WEST HARTEOY

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 1009, 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.

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

39-C Talcoti Road
WEST HARTFORD 10, CONN.
Phone ADams 3-4491
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Did you ever try to explain computing machine-
ry — machinery for handling information — to
some one who did noi know much about it?  How
much is it worth to you to convince a possible
customer or client?

We have found that a working model — a small
robot, that you can carry with you and that
operates — is worth dozens of pictures, and
thousands of words, when it is a matter of con-
vincing people.

SMALL ROBOTS

simple . light-weight o

scientific *

reliable o

Small Robot Rl: DOUGLAS MACDONALD'S WILL:Prob-
lem: The provisions of Douglas Macdonald's Will
are as follows:"If my son Angus survives me and
my son Brian does not, all my estate goes to
Angus. If Brian survives me and Angus does not,
all my estate goes to Brian. If neither sur-
vives me, my estate is to go to the Gaelic
Home for the Aged and Indigent. If both Angus
and Brian survive me, and if at the time of my
death neither is married nor is a graduate of
Edinburgh University, then each shall have 50%
of my estate. If both are married and neither
is a graduate, or if both are graduates and
neither is married, or if both are graduates
and both are married, then each shall have 50%
of my estate. If only one of my sons is agra—
duate, his share shall be increased by 20% of
my estate, and the other's decreased accord-
ingly. If only one of my sons is married, his
share shall be increased by 10% of my estate,
and the other's decreased accordingly."  What
happens when Douglas Macdonald dies? —— This
small robot Rl has six switches for showing
all the conditions for Angus and Brian, ( liv-
ing or not, graduate or not, married or not)
and ten lights for indicating what each bene-
ficiary gets. Runs on one flashlight battery.
eeee.$46.89

Small Robot-R2: TWO-YEAR CALENDAR: Indicate
the month, either one of two years, and the day
of the month, and press a button. The small
robot reports the day of the week, — This small
robot R2 has two switches for input and seven
lights for output (the days of the week); it
runs on one flashlight battery. eeees$49.59

delight your prospects

for sale

carry them in your briefcase

returnable if unsatisfactory (if not damaged)

¢ astound your competitors

Small Robot R3: THE FOX, HEN, CORN, AND HIRED
MAN: A farmer had a fox, a hen, some corn,and
a hired man, and two barns where one or more
of them could be at any one time. He did not
trust his hired man's carefulness; he wanted
a warning robot to shine a "danger" light (1)
when the fox was alone with the hen in either
barn, the hired man being in the other barn
and (2) when the hen was alone with the corn
in either barn, the hired"man being in the
other barn — and a "safety" light on other
occasions. —— This small robot R3 for the
farmer's problem has four switches for locat-
ing the hired man, the fox, the hen, and the
corn in either barn; and two lights ‘"safety"
and "danger". Runs on one flashlight battery.
ceees$ 38,76

Others of our small robots are under develop-
ment; still others for rent.
——~=———m———w~— MAIL THIS COUPON
Berkeley Enterprises, Inc.

36 West 11 St., S101, New York 11, N.Y.

1. Please send me copies of the small robots
circled:
R1 R2 R3

Returnable (if not damaged) in seven days for
full refund if not satisfactory. I enclose

in fall payment. (Add 60¢ per item
to cover cost of packing and shipping to an
address in the United States)

2..( ) Please send me more information on
your small robots.

My name and address are attached.
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Mathematical Analyst Keith Kersery loads
jet transport flutter problem into one
of Lockheed’s two 701°s. On order: two
704’s to help keep Lockheed in fore-
front of numerical analysis and pro-
duction control data processing.

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 work 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
N ew 70 I ’s Sp eed 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

lockh eed res eu rch in of developing new approaches to acronautical problems.

Career Opportunities for Mathematical Analysts

° °
n u m e rl ca l u n u Iys l s Lockheed’s expanding development program in nuclear energy,

turbo-prop and jet transports, radar search planes, supersonic aircraft
and other classified projects has 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 salary in the form of insurance,

retirement pension, sick leave with pay, etc.

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

lOCKHEED AIRCRAFT CORPORATION
sursank CALIFORNIA
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A BOON TO GOVERNMENT

Bill Danch
Woodstock, N. Y-

" —= Our first class computing equipment will make you minister of automatic thinking.

- 44 -



ELECTRONIC CALCULATOR

MONROBOT
X

The MONROBOT is a general purpose digital computer,
compact, ruggedized, reliable and reasonably priced.
In the MONROBOT, decimal numbers are used. Since twenty
digits are available, with a centrally located decimal
point, there is no need for scaling or setting of decimal
point. Neither overflow nor translation techniques are
necessary. Orders are written for the calculator in
virtually their original algebraic form.

Neither highly +trained personnel nor extensive
training effort are needed for the MONROBOT. Keyboard and
automatic tape operations are counterparts of the simple
“programming procedures. Average office personnel become
familiar with MONROBOT operation the first day. It priats
out results on 8-1/2" wide paper roll, or perforates a
parer tape as desired. ~

MONROBOT V is complete in one desk-size unit, ready
to plug in and perform. MONROBOTS can be supplied with

capacities to suit special requirements, avoiding excess
investment for unnecessary facilities.

MONROBOT CORPORATION
MORRIS PLAINS NEW JERSEY

A SUBSIDIARY OF M ONROE CALCULATING M ACHINE COMPANY
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COMPUTERS AND AUTOMATION -~ Back Copies

ARTICLES: September, 1953: The Soviet Unio n:
Automatic Digital Computer Research —-Tommaso
Fortuna .

Digital Computer Questionnaire -- Lawrence
Wainwright

"How to Talk About Computers"”
G. Hawley and Others

October: Computers inthe Factory —- David W. Brown

The Flood of Automatic Computers — Neil Macdonald

The Meeting of the Association for Computing
Machinery in Cambridge, Mass., September, 1953
-~ E. C. Berkeley

November: Who Will Man the New Digital Computers?

-- John W. Carr III

Electronic Equipment Applied to Periodic Bill-
ing — E. F. Cooley

Air-Floating: A New Principle in Magnetic Re-
cording of Information —- Glenn E. Hagen

December: How a Central Computing Laborarory Can
Help Industry -- Richard F. Clippinger

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

"Can Machines Think?":
and A. S. Householder

January, 1954: The End of an Epoch: The Join t
Computer Conference, Washington, D. C., Dec~
emuer, 1953 -~ Alston S. Householder

Savings and Mortgage Division, American Bankers
Association: Report of the Committee 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 —— Nei l

: Discussion -- G.

Discussion -- J.L.Rogers

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 Management
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 and
William Olander
Flight Simulators -— Alfred Pfanstiehl
Autonomy and Self Repair for Computers--Elliot
L. Gruenberg
A Glossary of Computer Terminology -- Grace M,
Hopper
July: Human Factors in the Design of Electronic
Computers — John Bridgewater
What is a Computer? —- Neil Macdonald
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September: Computer Failures ——Automatic Internal
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:
Pfanstiehl
Robots I Have Known — Isaac Asimov
The Capacity of Computers Notto Think — Irv1n g
Rosenthal, John H. Troll
November: Computers in Great Britain -- Stanley
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
Analog Computers and Their Application to Heat
Transfer and Fluid Flow ~- Part 2 -- John E.
Nolan
Economies in Design of Incomplete Selection
Circuits with Diode Elements -- Arnold I.Dumey

A New Field --Alfred

REFERENCE INFORMATION (in various issues):

Roster of Organizations inthe Field of Computers
and Automation / Roster of Automatic Computing
Services / Roster of Magazines Related to Com-
puters and Automation / List of Automatic
Computers / Automatic Computing Machinery --
List of Types / Who's Who in the Field of
Computers and Automation / Automation —- List
of Outstanding Examples / Books and Other
Publications / 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, Oct. 1952:
in print. Vol. 2, no. 1, Jan. 1953, to vol.2,
no. 9, Dec. 1953: in print except March, no. 2,
and May, no. 4. Vel. 3, no. 1, Jan. 1954, t o
vol. 3, no. 10, Dec. 1954: in print.

A subscription (see rates on page 4) may be spec-
ified to begin with any issue from Dec. 1954 to
date.

WRITE TO:

Berkeley Enterprises, Inc.
Publisher of COMPUTERS AND AUTOMATION
36 West 11 St., New York 11, N. Y.



We think machines are wonderful,
but PEOPLE WITH KNOW HOW are more important.

Our wonderful 407's, 604's, 101's, 024's, 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

Johnson & Higgins

Loyalty Group of Newark

Westinghouse

Pension Planning Co.

Ideal Mutual Ins. Co.

FULL FACE AND PROFILE
OF ONE OF OUR PWKH'S

Joe Logler: Age 50+ — Ac-
count Executive on Insurance
Agency and Company jobs —
35 years in the field — super-
visor of a large insurance com-
pany installation for 25 years—
last 10 years in service bureau
field — a steadying influence
for our fancy “young punks”.

MACHINE STATISTICS CO.

27 THAMES 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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ADVERTISING IN “COMPUTERS AND AUTOMATION”

Memorandum from Berkeley Enterprises, Inc.
Publisher of COMPUTERS AND AUTOMATION
36 West 11 St., New York 11, N.Y.

1. What is "COMPUTERS AND AUTOMATION"? It is
a monthly magazine containing articles and, ref-
erence information related to computing mach-
inery, robots, automatic controllers, cyber-
netics, automation, etc. One important piece
of reference information published is the "Ros-
ter of Organizations in the Field of Computers
and Automation". The basic subscription rate
is $4.50 a year in the United States. Single
copies are $1.25. The magazine was published
monthly except June and August between March,
1953, and September, 1954; prior to March 1953
it was called "The Computing Machinery Field"
and published less often than ten times a year.

2. What is the circulation? The circulation

includes 1300 subscribers (as of Dec. 15);over
300 purchasers of individual back copies; and
an estimated 1500 nonsubscribing readers. The
logical readers of COMPUTERS AND AUTOMATION
are some 3500 or 4000 people concerned with the
field of computers and automation. These include
a great number of people who will make recom-
mendations to their organizations about pur-
chasing computing machinery, similar machinery,
and components, and whose decisions may involve
very substantial figures. The print order for
thit Dec. issue was 2100 copies. The overrun
is largely held for eventual sale as back cop-
ies, and in the case of several issues the over
run has been exhausted through such sale. A
mailing to some 2000 nonsubscribers in Decem-
ber, 1953 (with 173 responses up to March,1959
indicated that two-thirds of them saw the mag-
azine (library, circulation, or friend's copy)
and of these two~-thirdsover 93% "liked it".

3. What type of advertising does COMPUTERS
AND AUTOMATION take? The purpose of the mag-

azine is to be factual and to the point. For
this purpose the kind of advertising wanted is
the kind that answers questions factually. We
recommend for the audience that we reach, that
advertising be factual, useful, interest ing,
understandable, and new from issue to issue.

4. What are the specifications and cost of
advertising? COMPUTERS AND AUTOMATION is pub-

lished on pages 8%" x 11" (ad size, 7"x10")

and produced by photooffset, except that print~
ed sheet advertising may be inserted and bound
in with the magazine in most cases. The clos-
ing date for any issue is approximately the
10th of the month preceding. If possible, the
company advertising should produce final copy.
‘For photooffset, the copy should be exactly
as desired, actual size, and assembled, an d
may include typing, writing, line drawing,

printing, screened half tones, and any other
copy that may be put under the photooffset
camera without further preparation. Unscreened
photographic prints and any other copy requir -~
ing additional preparation for photooffset
should be furnished separately; it will be
prepared, finished, and charged to the adver-
tiser at small additional costs. In the case
of printed inserts, a sufficient quantity far
the issue should be shipped to our printer,
address on request.

Display advertising is sold in units of full
pages (ad size 7" by 10", basic rate, $170)
and half pages (basic rate, $90); back 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
insert (two sheets), $530. Classified ad -
vertising is sold by the word (50 cents a
word) with a minimum of ten words. We reserve
the right not to accept advertising that does
not meet our standards.

5. Who are our advertisers? Our advertisers
in recent issues have included the following
companies, among others:

The Austin Co.

Automatic Electric Co.

Burroughs Corporation

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.
Ketay Manufacturing Co.

Laboratory for Electronics

Lockheed Aircraft Corp.
Logistics Research, Inc.
Machine Statistics Co.
Monrobot Corp.

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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one 0/ tAe neu/eéf...
COMPUTROLS

COMPUTERS THAT CONTROL

Designed to control a contour milling machine,
this Computrol holds the chip load constant while
milling eight duplicates of an irregularly shaped
master pattern. The Computrol measures the mas-
ter; and computes and controls the feed rate. Com-
pensation is provided for variations in cutter diam-
eter, eliminating the need for grinding matched
sets of cutters. Accuracy and reliability are in-
creased over previous milling methods, and costs
are reduced.

Automation is the business of The Austin Special
Devices Division. The Division can provide special-
ized engineering service in many fields to supple-
ment Computrol applications in your operation.

Austin engineers are available for special
problems in automation systems, computers,
and automatic data processing, plotting, and
recording. AN AUSTIN COMPUTROL

THE AUSTIN COMPANY SPECIAL DEVICES DIVISION
76 NINTH AVENUE 752 NEW YORK 11, N. Y.

FERROXCUBE CORE MATERIALS ARE FINDING SUCCESSFUL APPLICATION
IN MEMORY CIRCUITS REQUIRING RECTANGULAR HYSTERESIS LOOP
TOROIDS, IN BLOCKING OSCILLATOR CIRCUITS, IN PULSE TRANSFORMERS,
IN DELAY LINES AND IN RECORDING HEADS

MAY WE SEND YOU APPLICATION DATA IN YOUR PARTICULAR FIELD OF INTEREST?

FERROXCUBE CORPORATION OF AMERICA

* A Joint Affiliate of Sprague Electric Co. and Philips Industries, Managed by Sprague ®
SAUGERTIES, NEW YORK

In Canada: Rogers Majestic Electronics Limited, 11-19 Brentcliffe Road, Leaside, Toronto 17.
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ADVERTISING INDEX — DECEMBER, 1954

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? What
does it do? How well does it work? What are its
main specifications? We reserve the rightnot to
accept advertising that does not meet our stand-
ards.

Following is the index and a summary of adver-
tisements. Each item contains: name and address
of the advertiser / subject of the advertisement/
page number where it appears / CA number in case
of inquiry (see note below).

Andersen Laboratories,. Inc., 39-C Talcott Road,
West Hartford 10, Conn. / Solid Ultrasonic De-
lay Lines / page 41 / CA No. 121

The Austin Co., 76 Ninth Ave., New York 11, N.Y./
Automatic Data Recording System / page 49 / CA
No. 122

Automatic Electric Co., 1033 West Van Buren St.,
Chicago, Ill. / New Polar Relay / page 39 / CA
123

Berkeley Enterprises, Inc., 36 West 11 St., New
York 11, N.Y. / Small Robots / page 42 / CA
No. 124

Classified Advertising / page 17

Computers and Automation, 36 West 11 St., Ne w
York 11, N.Y. / Back Copies, Advertising, Reply
Form / pages .42, 44, 46 / CA No. 128

Electronics Corporation of America, 77 Broadway,
Cambridge 42, Mass. / Employment Opportunities /
page 5 / CA No. 126 .

Ferranti Electric, Inc., 30 Rockefeller Plaza,
New York 20, N.Y. / Ferranti Small High~Speed
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UNIVAC...Changing the Course of Business History!

First so-called “giant brain” on the mar-
ket—first in large-scale production—first
clectronic computing system to satisfy
the diverse needs of business—the
Remington. Rand Univac now places
the wonders of electronic computing in
the hands of American management.
Yesterday’s dream of automatic office
procedures has become an accomplished
fact today!

Unprecedented savings are being
made every day with Univac: in one in-

stance, it took just 21 minutes to per-
form a computation which would other-
wise have required 250 man-hours and
seven machine-weeks. Also, Univac is the
only available computing system with
exclusive self-checking features — auto-
matically, and with reliability and accu-
racy, handling alphabetic and numeric
data with equal ease.

1t’s no wonder that the list of Univac
users reads like the “bluebook” of
American industry! Farsighted compa-

nies have been quick to capitalize on the
speed and accuracy of the Univac Sys-
tem to turn out payrolls, control inven-
tories, prepare premium notices, and to
take advantage of its myriad other uses.
And your company too—large or small
—may well profit from Univac—if not
through purchase, then through lease of
equipment or use of our Computing
Center services. For further information,
write on your business letterhead to
Room 1101, Remington Rand Inc.

/
7 Nrnad
ELECTRONIC COMPUTER DEPARTMENT Renwzgtgy 315 FOURTH AVENUE, NEW YORK 10, N.Y.
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ere's What's N
in Vitamin Q
Capacitors

Now you can have Sprague’s famous submini-
ature paper capacitors in new styles that make
vibration-proof mounting simple . . . make har-
ness wiring faster. New straddle milled flats on
standard threaded neck units let you insert the
neck in flatted openings. A simple nut and lock
washer permanently locks the capacitor to the
chassis. In addition, you can now obtain
Sprague subminiature paper capacitors with
solder tab terminals, eliminating the problem
of splicing leads to wires. Insulating outer
sleeves for 125°C mounting are also available.

Sprague’s Vitamin Q capacitors are available
in ratings and mechanical designs far beyond

NEW

subminiature paper capacitor
mounting styles speed and simplify
circuit assembly with—

® Flatted Necks
® Solder Tab Terminals

® Insvlating outfer sleeves

for 125°C applications

those called for in specification MIL-C-25A.
For example, both inserted tab and extended
foil designs are available in working voltage
ratings up to 1000 vdc.

Positive hermetic closure is assured by glass-
to-metal solder seals, which unlike rubber
compression-type terminals, cannot be twisted
during wiring assembly.

Complete information on Sprague subminia-
ture paper capacitors in all thirteen case styles,
is provided in Engineering Bulletin 213C, avail-
able on letterhead request to the Sprague
Electric Company, 377 Marshall Street, North
\Adams, Massachusetts.

WORLD’S LARGEST CAPACITOR MANUFACTURER

Sprague, on request, will provide
you with complete application engi-
neering service for optimum results

in the use of subminiature paper

Export for the Americas: Sprague Electric International Ltd. capacitors.

North Adams, Mass. CABLE: SPREXINT




