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part one
those were the machines

by GEORGE R. STIBITZ as told to MRS. EVELYN LOVEDAY

Sometimes these days when I am at one of the

many teletypewriter stations of the sophisticated

GE computer at Dartmouth College asking for,

or putting in, a program related to my work of ap-

plving mathematics to biomedical problems, 1 feel like the

old lady in the nursery rhyme who said, “Lawk a mercy on
me, this can’t be I!” For I can remember when.

At my somewhat advanced age (or what often feels
like it), it seems only vesterday—but it was actually in
1937—that I liberated some relays from a scrap pile at
Bell Telephone Laboratories where I then worked, and
took them home to start what I thought of as a play proj-
ect. 1 had observed the similarity between the circuit
paths through relays and the binary notation for numbers
and had an idea I wanted to work out.

That weekend I fastened two of the relays to a board,
cut strips from a tobacco can and nailed them to the board
for input; bought a dry cell and a few flashlight bulbs for
output, and wired up a binary adder. I wired the relays
to give the binary digits of the sum of two one-digit
binary numbers, which were entered into the arithmetic
unit by pressing switches made of the metal strips. The
two-flashlight-bulb output lighted up to indicate a binary
1 and remained dark for binary 0.

I took my model into the labs to show to some of the
boys, and we were all more amused than impressed with
some visions of a binary computer industry. I have no
head for history. I did not know I was picking up where
Charles Babbage in England had to quit over a hundred
years before. Nor did it occur to me that my work would
turn out to be part of the beginning of what we now
know as the computer age. So, unfortunately, there were
no fireworks, no champagne.

Being a compulsive generalizer, I wondered what could
be done with a large number of such adders. Further
evenings at home were spent entertaining myself by

April 1967

sketching circuits for addition, multiplication and even
division. The idea occurred to me that decimal digit adders
could be set up in binary form, with each decimal digit
expressed in binary form by multiple contacts on keys. I
actually designed such decimal adders, but soon found
that the “carry” circuit was complicated, and that the
circuits for converting a number to its complement were
rather complicated.

No mathematician can abide lack of symmetry, and so
[ looked around for a neat way of solving this difficulty.
The tidiest kind I could think of was to shift the range of
decimal digits to the middle of the list of 4-bit binary
numbers. This shift was equivalent to adding 3 to the deci-
mal digit so that decimal 0 was represented by binary 3
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Telespeed 750 High-Speed Tape-To-Tape
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inventory records in minutes.
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(0011), and so on. With this symmetric arrangement, the
9's complement of any decimal digit was found by chang-
ing each binary 1 to a binary 0, and conversely. The inter-
change was easy with relay (or any binary) circuits. All
that was needed was a single two-pole contact leading to
all the relays of the number to be inverted.

Unfortunately, when two excess-3 decimals are added,
the sum is too large by six units, so it was necessary to
think about some translating circuits to remove three units
and get back to an excess-3 code. In compensation, there
was the happy accident that, in the excess-6 code of the
sum of two digits, all numbers greater than decimal 9 are
5-bit binary numbers. Hence, if the 5th binary digit was
1, it meant that a carry was called for and this was easy
to accomplish.

Well, as I said, all this thinking was the kind of play
project that 1 still indulge in very frequently in place of
golf, or other constructive leisure time pursuits.

fortune and need

Soon, however, it had to become work in earnest, for
Dr, T. C. Fry, chief of the mathematics group I was in, told
me that the difficulties of handling complex numbers had
come to his attention, and he asked whether my little relay
calculator could do complex arithmetic. Could it! I had
already thought out most of the components for a com-
plex calculator, and so I soon had drawings sufficiently
complete to be considered.

These were highly unusual, since I knew nothing of the
language of symbols of the well-developed switching art,
and my sketches must have amused the switching engi-
neers. But—there was Sam Williams.

Now my calculator had had two pieces of good for-
tune. One was the coincidence of the binary adder and
my circuit diagrams with Fry's expression of complex com-
puting needs. The second was the assignment of Sam Wil-
liams to the evaluation of the calculator’s feasibility to
meet the needs.

Sam had been a switching engineer for many years and
was thoroughly familiar with all properties of relays, but
not with mathematics or number theory. He had to
struggle, not only with my dismally unconventional draft-
ing, but also with the ideas of binary notation and opera-
tions, and with my excess-3 coded decimal notation.

All the angels were with us. He not only made a thor-
ough study of the calculator and reported it was feasible,
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but, from my knowledge, made many useful suggestions
about control circuitry. In a few weeks we got the go-
ahead signal; Sam was given the job of detail design and
we were off to the races.

At this point there were some small complications about
correcting 9's complements into 10’s complements, but they
were not serious. The adders were now designed and
multiplication was not difficult. Rather than use multitudes
of relays to perform this operation we decided to use some
relatively new pieces of telephone equipment called cross-
bar switches, which were, in effect, compound relays with
many contacts.

There were many serious discussions about 10-key vs.
bank-type keyboards for input. The bank keyboard would
have saved some memory equipment in the computer, but
it was soon decided that the simplicity of the 10-key ar-
rangement made it worth the extra cost. Operators™ strips
of 10 keys were adapted, and a second strip was modified
for the operational symbols, +, —, X, +i, —i, = and =.

We thought very briefly of using binary notation for in-
put and output, but the prospect of teaching binary nota-
tion to a crew of girls was appalling, and so the idea was
abandoned pronto.

In complex operations it was handier to put the divisor
into the machine first. We had to have a special type
symbol in which the slash for division was turned back-
wards for this purpose. By putting the divisor in first, the
arithmetic unit could start squaring the real and imagi-
nary parts as soon as the slash appeared.

Since relays operate at about 10 milliseconds, the squar-
ing operation (which was carried on when the slash ap-
peared) took an average of 40 addition times, or some
half-second with no allowance made for sub-normal re-
lays. As I recall, for safety’s sake we allowed a couple of
seconds for this operation.

The capacity of the machine was to be eight decimal
places with two extra digits provided in the arithmetic
unit to compensate for excessive round-off errors when ac-
cumulating many subtabulations.

The machine was a parallel one, with two units which
handled respectively the real and the imaginary parts of
the calculations. A standard whimsey of sightseers when
shown the imaginary unit was that it looked real. Somehow
that remark lost its freshness after a score of repetitions.
The two units operated in parallel, during multiplication,
for example, when the real and imaginary parts of the
multiplicand were multiplied by digits of the real part of
the multiplier simultaneously.

success

Construction of the machine was completed in 1939,
and debugging began, using diagnostic problems devised
by Williams. Many of the relay operations were dependent
on timing, with slow and fast operate and release relays
determining the sequence of circuit openings and closures.
When one relay in a register failed to come up to specs
in speed of operation the whole calculation came out
wrong. Slower relays, to initiate the next step of compu-
tation, cured the trouble but slowed the machine. All of
this created some troublesome and often profane moments.

Even so, the final successful speed was nearly that con-
templated in the original design. As I recall, the addition
time was about 0.1 seconds.

In 1938 we had “known™ on paper just what the com-
puter should do, and the Bell Labs experience indicated
that the relays would do what the paper design said they
would, but nevertheless it was a spine-tingling experience
when the wiring and design bugs began to give way, and
true answers began to flow from the computer, just as we
had envisioned they would.

The binary computing elements were so very different
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KT BELL LABS . .. | —
' | Does Anybody Here

U from the rotating gears of the conventional desk calcula-
tor, that it had been hard for many to believe they could e ?
do a more complex job and do it with incredible speed. Re- ea n ls
member, this was in 1939, L]

It is believed that this relay computer was the first
(at least in this country) to employ binary components. —
Succeeding Bell relay computers were binary also, as, of
course, are all modern high-speed computers.

At last, in January of 1940, after some months of de-

, bugging and testing, the Complex Calculator (as it was
now called) was set up in the Bell Laboratories building
at 463 West St., New York City, and turned over to the
calculations people in the mathematics department. The
girls were entertained when a small new bug cropped up
causing the teletype to print out BOO several times. Witch-
craft?

Originally it had been thought that only complex multi-
plication and division were complicated enough to be
worthy of the new machine, but it was soon found that
complex additions and subtractions were so mingled with
the difficult operations that there were many interrup-
tions. A few relays were added, and then we had sub-

Mainframe of the Complex Calculator (Modcl )
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rack and its salary is low. For a resume, or to
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representatives.

We're worldwide.
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traction and addition too. This easy alteration, in so com-
plicated a machine, pointed up its flexibility as contrasted
with mechanical machines.

Another group outside the mathematics department did
a large volume of complex computations, so not long after
the original installation it was decided to add a second tele-
type in another part of the building for the convenience

of this other group. A third was added later in another

location. Any of the three teletypes could be used on a
first-come basis, and thus this first Bell relay computer
included a feature only now appearing in some of the
larger computers: multiple input positions with the lockout
facilities required for this type of operation. Even in 1940,
in a crude way, we had a time-sharing system.

Further, while the computer had been specifically de-
signed to handle the four complex number operations,
users soon found that with certain special variations the
computer could be used advantageously for other types of
problems.

About the time the Complex Calculator was set up and
operating well, Sam and I washed our hands and settled
down to our customary work, pausing occasionally to go
and peek at our baby, to make sure it was eating, sleeping
and operating well. Soon we learned that it was to show
off its tricks in public.

the public debut

Through Dr. Fry came a request for a paper on the
computer to be presented at the September 1940 meeting
of the American Mathematical Society at Dartmouth Col-
lege. Originally it was planned to present the paper with

First demonstration of remote use of computer occurred at
Dartmouth College in September , 1940. Teletype was
linked to processor in New York City.
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slides showing the equipment, teletvpe output and so on,
and Dr. Frv suggested dictating problems for the com-
puter over a phone link from Hanover to a teletvpe opera-
tor at Bell Labs in New York City.

With my usual genius for making things more difficult
for myself and others, I suggested direct telegraph opera-
tion from Hanover, and this was decided upon. In July,
Sam Williams designed some transceiving panels which
were constructed and ready in late August.

The week before the Society meeting was a frantic one.
We watched wiremen install the panels in McNutt Hall:
arrangements were made for a circuit to New York City,
to be protected against interruption, and finally, the day
before the meeting, successful remote operation was ac-
complished. There was little time for a shakedown, but
fortunately all went well, and I went to bed hoping the
baby would perform well the next day too.

At the meeting 1 read my paper describing the machine,
then Dr. Fry showed how problems could be introduced
at the scene of the conference and transmitted to the com-
puter in New York. We were then able to point to the
teletypewriter which tvped out the answers within a min-
ute. It is believed that this was the first public demon-
stration of remote operation of an automatic computer,
and foreshadowed the present growth of data transmission
services.

Members of the audience were invited to submit prob-
lems to the computer, and I recall that Norbert Wiener
wits one who tried to stump it, unsuccessfully. This was
Wiener’s first introduction to the computer concept. Sam
Williams was in New York monitoring the computing
equipment, but it was wasted effort. The system worked
Hawlessly.

The pauses during which the computer solved each
problem were as impressive as the operating period. The
speed of computation was phenomenal for that time: only
30 seconds or so for a complex division comprising three
multiplications and addition, and two divisions in eight-
place real numbers,

A few newspaper reporters, in writing about this demon-
stration, toyed with the idea that some day kids would do
their homework on a computer. My crystal ball was dusty
and I put this thinking down to the usual journalistic ex-
travagance. I must admit that T never at that time con-
ceived of the computer as the teaching aid that it has be-
come in very recent times.

However, the tvpical habits of the mathematician were
making me try all kinds of generalizations of the relay
computer idea. In 1939 and early 1940, I had made some
specific proposals for improvements on what we already
had, and 1 was anxious to implement them.

Unfortunately, the Complex Calculator had been so ex-
pensive that Bell Laboratories felt it impossible to invest
money in further developments. The Calculator develop-
ment, design, drafting, equipment, construction and de-
bugging had cost $20,000—an astronomical sum in those
days.

Then came World War II, and suddenly we were all
plunged into unusual work and expenditures. In the second
half of this article 1 will tell more about the life and times
of the relay computers, the succeeding models of which
we designed at Bell Laboratories for various military pur-
poses. =

(Next month the concluding article will reflect on the
developments during the war, and describe the last models
in the series.)
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those were the machines

by GEORGE R. STIBITZ as told to MRS. EVELYN LOVEDAY

As I said in the first half of this article, once

we had the Complex Calculator going well at

Bell Laboratories in 1940 and 1941, it was

deemed economically unwise by the Powers Up-
stairs to build any more.

I had made several proposals in 1939 and 1940 to im-
prove the relay computer. One of these was that in order
to save the user the exasperation of having numbers over-
flow the computer I suggested a floating decimal point
scheme (which was, in fact, finally used in a later com-
puter about 1945).

Further, I had thought that the difficulty of trouble-
shooting a computer and timing its relays might be solved
by a self-checking or error-detecting code. I called this the
bi-quinary code, which was, in fact, more severe than the
parity check used later, but was similar in concept.

In this code, each decimal digit was represented by two
groups of binary (off-on) elements in each of which one
and only one was ON when a digit was correctly rep-
resented. In use, a number of such paired groups would
control check circuits. Before a number was stored or
added, all of the elements were OFF and a check cir-
cuit determined this fact. Then, when one and only one
element in the group turned ON, a check circuit verified
the fact and permitted the next computational step to oc-
cur,

And so I fiddled on with these and other ideas, itching
to try them out. The very ill wind of World War II blew
me some good in this area, for I was loaned by Bell Lab-
oratories to the National Defense Research Committee,
(nprc), which had the stimulating and brilliant Dr. War-
ren Weaver as its chairman.

I had designed a dynamic tester for anti-aircraft controls
which was actuated by a punched-paper tape with digital
information and which provided outputs simulating arbi-
trary motions of a target.

It was agreed by ~prc that a computer to produce the
tape would be worthwhile and I designed a small “Inter-
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polator” with taped program, teletype or punched tape
output, and punched tape input. This computer needed
only to add, though it could multiply by a constant in the
program. Now I had a chance to use the bi-quinary self-
checking code, and the control unit recognized 31 in-
structions, which included the addresses of the registers.

model ii

The detailed design of the Relay Interpolator (or Model
I1 as it was soon to be called) was put into the hands of
E. G. Andrews and his group at Bell Laboratories. Andy,
like Sam Williams, was later a leading figure in the Associ-
ation for Computing Machinery, and was always most
competent in his work.

Model 1T was built on two relay racks. It contained some
six registers for storing numbers and performed a linear
iterative operation on data provided by punched tape. A
few problems in harmonic analysis, caleculation of roots of
polynomials, and solution of differential equations were
run, but Model IT was too busy with routine data interpo-
lation and smoothing to spend much time on fancy prob-
lems.

The program tapes were punched in machine language
which included five-hole codes for “transfer from register
B to adder.” “read data,” “punch,” and so on. The tape
was then looped with the ends glued together, and added
to the program library.

Model II was installed in the West Street Laboratory in
September, 1943.

It was exciting and a bit weird to watch this interpolator
go about its work sans human boss: days, nights, Sundays
and holidays. This was a year before Mark T was formally
demonstrated, and the use of teletype tapes and readers,
under the control of an impersonal bank of relays, was
new. At that time it seemed to us we had a highly intel-
ligent machine—this first programmable computer. It could
call for the next program step from one tape and the next
data from another at exactly the right instant, and detect
any extra holes worn in the tape by repeated runs. Those
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tapes took a pounding, and things were not perfect in this
imperfect world. Sometimes we would come in on a Mon-
day morning expecting to find hundreds of feet of tape
ready for the dynamic tester, only to find that sometime
during the weekend a tape had worn or torn through,
leaving the computer without instructions.

But our room was well decorated in somewhat
avant garde style. We kept spare tapes, glued into loops,
hanging on pegs near the computer. Somewhere along the
line we had failed to instruct the computer to reach out
and take a new one off the peg when needed.

An occasional visitor saw the machine (as did the re-
vered John von Neumann), and a favorite show for com-
pany was to start a computation, then allow the visitor to

The Relay Interpolator, soon dubbed Model I, was used
at Bell Labs, !ater at the Naval Research Labs. Model llI,
the Ballistic Computer (shown), was developed at the
National Defense Research Committee in the early 1940’s,
had a 10-msec high-speed storage.

FEY AND LA PRsEL —

COMPUTLE
TABLE MO 1
|

MECISTER FRamis

MASTER CONTROL FRAME

CALCULATON FRAsfS

stick a toothpick in any relay. When that inhibited relay
was needed the computer would stop, only to proceed
correctly as if nothing had happened when the toothpick
was removed.

Model 11 was useful for a long while, and late in the
war was moved to the Naval Research Laboratories. It
was not retired from service until 1961.

hunting circuits and the next machine

The testing of anti-aircraft equipment demanded enor-
mous amounts of computation and qualified people were
scarce. Before Model 11 was set up and working, I proposed
in 1942 to ~pRC a relay computer along the lines of my
earlier suggestion for an automatic computer. Luckily War-
ren Weaver was with me all the way. The scope of this
Ballistic Computer (Model I11) was discussed and it was
decided to go all out to make it a large and versatile
machine, That it was, for 1942,

We decided to have nearly a dozen registers, with pro-
gram tapes, a couple of subroutines, two or three “tables”
on punched tape, several teletype outputs and input
punches, 100% self-checking circuits in the bi-quinary code,
and many other features. Also, we modified the standard
teletype reader to move tape in either direction. Table
data were entered in blocks, and each block was assigned
an address.
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Andrews’ group designed “hunting” circuits that directed
the forward or backward motion of the tape and searched
for any address demanded by the main computer, This
search could proceed independently of the computations
going on the main computer and these hunting circuits
performed with extreme reliability. E. L. Vibbard designed
the calculator which was a true multiplication table—a rare
item—as both earlier and later computers used repeated-
addition multiplication.

The table-hunting circuits would read addresses speci-
fied for calculating a second or third higher order inter-
polated value.

Storage space was expensive and slow. In this model,
the high-speed random access storage (10 milliseconds)
had a capacity of one or two dozen words as I recall. Low-
speed storage was almost unlimited, but was read sequen-
tially at about 15 characters per second.

It was necessary, or at least customary, to prepare the
table tapes beforehand. This scheme was useful, but pro-
vided still another avant garde room decoration. Yards
upon yards of punched tape, waiting to be used, were
strewn about the floor. Screams of anguish could be heard
from the programmers when any visitor unwittingly stepped
on any of the tapes, and it made for some rather lively
conversation.

To be crass about it, the Model I1I Ballistic Computer
was a real show piece, though it did its work well. Table-
hunting in a computer would not appear elsewhere for
several years and it was fascinating to watch. The tape
reader would run through the table tape in one direction,
stop to read an address, click its relays in annoyance and
rush off in the opposite direction, reading addresses as it
went, until the proper one was found.

This computer operated seven days and nights a week,
and did the work of an estimated 25-40 girls. Nights were
not always fun for Sgt. Stoddard, who was learning the
ropes on the machine, for he had an alarm bell by his
bed which rang when the baby wanted attention.

In all, Model IIT was possibly the most interesting of
the Bell Computers from the point of view of its design
logic and of the ease of understanding its operations. In
1944 it was moved to Fort Bliss, Texas, and was in use
until 1958,

Model IV looked like Model III and did the same kind
of computing. However, some changes were included, en-
abling Model IV to handle trigonometric functions from
—90° to +360°. Built for Naval Ordnance, its basic de-
velopment was completed in 1945. In Naval circles it was
known as Error Detector Mark 22, and it was in service
until early 1961.

Models I through IV can be regarded as belonging to
an era of the past, I think, and it was Models V and VI
which bridged the gap between the beginnings of the
art and the modern era of electronic computers.

model v: the floating decimal point

In size and flexibility, Model V was our most ambitious
project in computer development up to that time. Two
units were built. One was delivered in 1946 to the Na-
tional Advisory Committee on Aeronautics (N¥aca) Labora-
tory at Langley Field, Virginia, and the other was de-
livered in 1947 (after months of activity at Bell Labs) to
the Ballistics Research Laboratory at Aberdeen, Maryland.

This model was a system of six arithmetic units and 10
problem positions, an arrangement permitting the arith-
metic units to function continuously. Problems were loaded
into idle positions, and a computer on completion of one
problem automatically picked up another.

Each problem position had one tape reader for input
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On time-as promised:

Burroughs B2500/B 3500
third generation systems
—-complete with software.

Now operational.

Third generation hardware and software. That’s what we promised
for the two new computers we announced last spring.

We've kept this commitment. The small to medium scale B 2500
and B 3500 are now operational, Ready for deliveries.

In a series of tests at our plant in Pasadena, California, recently, they
demonstrated every one of their advanced capabilities—with results
that met all our expectations,

The two systems demonstrated how third generation software enables
them to use part of their own computational power to allocate and
organize their own work. To automatically match their resources to
varying work loads and changing priorities through use of the
Burroughs Master Control Program.

They multiprocessed unrelated major programs with complete free-
dom and ease—under totally automatic software control.

They demonstrated highly efficient operation in COBOL, the widely
accepted higher level language for business data processing.

Altogether, it was an impressive demonstration
not only of two third generation computers but of the idea that made
them possible: the Burroughs concept of integrating hardware with
software by developing both at the same time. Three years ago, this
concept became a reality with our B 5500—the first self-operating
computer. All subsequent Burroughs 500 Systems have followed this
outstandingly successful lead.

If you want to see true third generation hardware and software in
action—ecall us. Burroughs Corporation, Detroit, Michigan 48232,

Burroughs @
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data, up to five readers for the instruction programs which
allowed us flexibility in introducing subroutines, and up
to six readers for tabular data. Tables of logarithms, anti-
logarithms, sines, cosines and antitangents were permanent-
ly wired into the machine. ‘

Now at last, we had a chance to use my idea of the |
floating decimal point proposed in 1939. The concepts of
zero and infinity gave us many headaches. 1 think we de-
cided on 10 as zero, and 10% as infinity, but 1
am not sure of these figures now. All the aspirin I took for
those headaches did not improve my memory.

Besides the floating decimal point, the calculator of
Model V included multiplication by “short cut” addition,
automatic roundoff (but subject to cancellation), the ability
to recognize most indeterminate arithmetic operations,
special facilities for trigonometric and logarithmic calcula-
tions, and special auxiliary equipment for processing of
various paper tapes. There were also some rather elaborate
discriminatory controls, which are now referred to as con-
ditional transfers.

Model V could do the work of about 225 girls with
desk calculators and even after electronics were available,
these computers did a lot of work. This model worked
around the clock and had an excellent record for low out-
of-service time. I know that one week the computer
worked 167 hours out of a possible 168, and most of the |
time was unattended. |

In recent years the two Model V computers have had a
rather interesting history. The unit at Aberdeen was trans-
ferred to Fort Bliss and later was given to the University
of Arizona for educational and research programs. The
unit built for the National Advisory Committee on Aero-
nautics was given to the Texas Technological College in
early 1958. Unfortunately, however, it was severely dam- =
aged in transit—the truck tipped over—and the computer
was of no further use except for spare parts for the o - -
University of Arizona machine. |

REVOLUTIONARY
ELECTRONIC
CALCULATOR

m Unmatched speed, versatility
m Simple to operate
m Single keystrokes provide all these functions

+ |—| =] x| x W¥x|e*|logx

o Two inucpendent accumuiadrs 10F random aata entry ang retrieval
« Low price — each work station can be as low as $780

e Time sharing units available

« Models with 4 additional storage registers available for $400 extra
» Accessory programmers also available

h Write for complete details AN G

| LABORATORIES, INC.

: \ Dept. FF-5. 836 North St., Tewksbury, Mass. 01876-Tel, (617) 851-7311

s s s e e s a s SES S ARSI SEENeNEEIIINTI SR INENTNERTIRERTIITINIASERsss

» D
the last of the line

About the time that the designs for Model V were com- : ;
pleted I resigned from Bell Labs to go into independent MaY - 1401 PRODY
consulting work. However, I kept in touch with my old TRCETET I ]
colleagues at Bell, and knew something about Model VI, - == -
the last relay computer built there, It was built for the = el
Laboratories’ own use in solving a wide variety of re- -3 VRN (00— -
search and developmental problems, and was placed in reg- =] [ 1= ] 0 | e )
ular service there in 1950. I i N imEn ]

In essence, it was a simplified version of Model V, having oAb i == -
only one computer, less elaborate discriminatory controls ol | (R | ) fio= = =
and fewer problem positions. I knew that this model had it g -
an “end of numbers” check signal, which eased such prob- i A
lems as determining the end of a line of coefficients in a e = T
matrix-type problem. Also, it had an automatic “second
h’iill”'f(_‘iltlll'(? that I.'nnlcfimled during unattended operation, e Keep your computer runnINg=fot igie} -
thus improving reliability in the presence of a trouble con-
dition. | » Schedule in 6, 10, 15 & 30 min. cycles,

After several years of service at Bell Labs, Model VI i for daily, weekly or monthly periods.
was given to the Polytechnic Institute in Brooklyn, N.Y. | « Know in advance when slack periods or
In 1960, Brooklyn Poly retired this computer and gave it heavy work loads are coming.
to the Bihar Institute of Technology in Bihar, India. L oA .

And so, with Model VI, an frl was ended. By 1950 * Make changes & additions immediately.
the excitement of electronic potentialities was sweeping tlhe « Every hour saved saves you $20-$40-$60.
country, and our blessedly reliable old relays were slow by
conpRen: I Write for FREE 28 Pg. lllustrated Catalog—DAS

Now we live in a true computer age, when for even the

smallest business to admit it is not using a computer is as MeTHODS REsearRcH CORP

unlikely as for a teenage girl not to have a Beatles record.
But—as 1 said at the beginning—I can remember when!

70 Willow Ave., Staten Island, N. Y. 10305
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- Caught in the Dollar Squeeze
of Multiple TTY Line Charges?

MULTIPLE TTY LINE COSTS
PER MONTH
LINE MILEAGE
11,750 miles
| @ s1. $15,628.
LOCAL CHANNELS
18 @ $59.74 1,075.
TOTAL | $16,703.

 ULTRONIC has the answer...One Line!

Are monthly line charges the bugaboo in your data
communications system? Then now is the time to let
ULTRONIC show you how to use only one line.

How? Easy! With standard Teletype equipment and
advanced multiplexing techniques, a single voice grade
telephone circuit is utilized for simple point-to-point
message transmission as well as computer controlled
real time data communications.

At speeds considerably faster than Teletype rates, data
volume is increased by as much as 20 times. Two-way
traffic delays are eliminated, and all stations in the net-
work may operate simultaneously over the single circuit,
communicating with each other and with a central com-

MULTIPLEXING SYSTEMS

CIRCLE 27 ON READER CARD
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- MAGNETIC TAPE

ULTRONIC COMMUNICATIONS
ONE LINE COSTS PER MONTH
LINE MILEAGE
5,500 miles

| @ $222 $12.210.
LOCAL CHANNELS
10 @ $62.50 625.

TOTAL | $12835.

puter. Magnetic tape terminals, line printers, paper tape
readers and other high-speed devices can be utilized on
the same circuit that handles routine Teletype traffic.

Best of all, this flexibility carries a mighty low price tag.
Line costs can be cut by as much as 70 times, and equip-
ment costs are minimal. Sound great? Well it's terrific!
Just send us your data communications map and we'll
show you one-line solutions.

ULTRONIC SYSTEMS CORP.

COMMUNICATIONS SYSTEMS
7300 N. CRESCENT BLVD., PENNSAUKEN, N.J. 08110

Telephone: 609/663-0712

TRANSMISSION TERMINALS -
CIRCLE 28 ON READER CARD
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