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in Charge of Engineering & Research:

Because there has been so mich activity in electronie
counter research and development in recent months, with perhaps
2 tendency toward confusion of the primary objectives, it seems
to me that the time might be appropriaste for ap exsmination of
this new field, to determine our relative position it it, and for
the estagblishment of a record of the past developments. May I
therefore take the liberty of presenting in this letter, a brief
history of the art, the objectives and accomplishments of our
slectrical reseerch laboratory, the objectives and accomplish-
ments of the electrical engineering department of M. I. T., the
work accomplished for the N. D. R, C., and our plans for future
Tesearch and development.

We became interested in the possibilities of electromie
counters during the summer of 1938. While much had been published
concerning electronic counters for cosmic ray and radicactive emsn-
atlon counting, nothing pertaining to the calculating possibilities
of electronic wunters had been published. These counters for cosmie
ray counting.were of the type that counted by two, four, eight, six-
teen, etc, They simply received the impulses from a cosmic ray ion-
ization tube cslled a Geiger-Muller tube, divided the frequency of
occurence of the impulses by two, four, eight, ete., and delivered
an impulse to & magnet which operasted s mechanical counter. The
total number of coemic ray impulses counted theay was the number re-
gistered on the mechanical counter, multiplied by the dividing number
of the counter., Since the slectronic counter "scaled" the arriving
impulses by two, four, eight, etc., they became known as scale-of=-two
scale-of-four, scale-of-eight, etc, counters.

Some work had slso been done in using counters as switches
in oscillographic testing, switching various circuits into the osell-
lograph in sequence so that more than one trace could be obsarved
simlteneously. Two kinds of counters were being used, namsly high
vacuum counters using "trigger tubes" and gse tube eountsrs using
"thyratrons®. The idem of using counters arranged in groups of ten,
for division by ten, that is decimsl counting, or scale of 10 counting
became evident to me in my search for ways andmeana to effect electrical
arithmetical computetions. Other schemes involving the addition of
potentials, resistences, frequency, etc. were much more involved than
the addition of impulses with electronic counters. Consequently we
set about equipping ourselves to develop a practical counter, capsable
of being used as an element in performing arithmetieal computation.

We knew that the counter must be smell, light in weight, inexpensive ,
completely reliable, be of moderate speed asnd be ecomomical in power
consumption, to be valuable as an element in such a machine. Since
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gas tube counters reguired fewer tubes, could probably be made
smaller, and were completely reliable, we decided to begin our
research work on this type of counter. A tube laboratory, for
light production of gas tubes was set up, sc a8 to expedite

the development and production of the tubes and to ensble us to
keep our activities a secret from the tube companies. A
miniature gas tube or thyratron was developed which has proven
completely satisfactory, ensbling us to attain much higher oper-
ating speeds than the most optimistic contempory investigstors.
It also enabled us to reduce the 8ize, weight, cost and power
consumption of the counters.

Now an impulse counter, or counting ring as 1t is
also called, in an arrangement of tubes, either gas or high
vacuun tubes, in aring or closed chain, with only one tube or
stage, active at esny one time. ZREleetrical impulses to be counted
are sent into the counter and each impulse advences the active
stage one poeition or digit. The previous¥ active atage passes
into inactivity as the ring steps around. Every tenth impulse,
if ten tubes are used in the chain, the ring passes through zero,
and in passing, sends an impulse into the next higher denominational
order, it transfers in other words, Thus for every ten impulses
put into the counter only one 1is sent out, and the ring hms divided
the input frequeney by 10, or scaled it by 10, or it is counting
by tens. It 18 therefore a scale-of-10 counter or decimal counter,
Now any number of tubes ¢en be used in the ring, the scaling factor
being the same as the number of tubes used. If only two tubes are
used in a ring, the ring is a scals-of-two counter or binary counter.
In a scale-of-two counter system, if the output of the first ring is
fed into another similar ring, then each divides by 2, and the output
of the second ring is only % of the input and the seceling is by four.
A third stage would cause g scaling of eight ete. This is the type
mentioned earlier in this letter, used by scientists in cosmic ray
work.

We developed several types of gas tube decimsl counters,
one was the counter using the ministure tube mede in our tube lab-
oratory. We have several varieties of this counter, erch for =
particular use. Another gas counter, using s apecial miniature tube
thel we developed, and naving a particularly low power drain, was
developed. As en outgrowth of this counter we developed & counter
using & special five-in-one gas tube and later a ten-in-one gas tube.
Now to use a counter to add, subtract, miltiply or divide, a definite
number of impulses must be sent into it, 3¢ we developed a gas tube
"differential™ opersting from a keyboard. When the counter =end the
differential were arranged to funection together, we had an adding
machine. As far as we know, we are gtill the only pecple who have
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worked on this ixpulse control, & Vory vital part of any eaiecu-
later. A patent application was filed on this first model.

. Early in 1939 we began formulating plens for a mmehine
to perform the operations of addition, subtraction, mltiplication
and division. Qur knowledge of counters and impulse eontrol or
generation enabled us to make a complete plan for such a machins.
This machine was started serly in 1940 and we have hed it operating
on several oceasions. However, we have neglected it, for about one
year, due to the pressure of N.D.R.C. work and & lack of technical
Tesearch workers, At present we are completing it and a patent
application will be filed on it in the near future. ;

: Now besides our plans for the above arithmetical mechine,
we have had plans to use sounters, in ecomputing, in our proposed
sales analysis machine. On two occasions I have sterted work on
this project, only to be forced to postpone it by the pressure of
goverzment contracta., We plan to develop a high speed tape Bcannar,
on which register records are punched, operating into a ecounter or
computer, converting the record into a form capable of actuating a
"megnetic pin wheel" storage device. We plan a storage mechanism of
Tfrom 1000 to 10,000 storage totals. We will be able to enter sales
informetion into memy totals simltandously and will be able to read
the totals and print them very rapidly. The high spsed qomputer,
with electronie counters as elements, is the very heart of this
proposed machine, ’

We are also aware, that electronic counters may well form
the besBof a fast teletype system, accomplishing the same results
as the IHM tele-typewriters. Our recent suggestion to N.D.R.C. that
we develop & radio signalling system based on counters s 18 a atep
in the direotion of the teletyps idea. ¥e have preliminary plens
for a teletype system using counters,

Probably there are three general classifications of use
for elestronic counters. They can be used for computation, commmn-
lcation end timing. In computing, we are already able to add, sub-
tract, mltiply and divide. In the category of commnication are
radio signalling, teletype transmission, talemetering by wire or
radio and remote oontrol, N.DP.R.C. has already approeched me conecern-
ing a telemetering problem. The third category of timing includes
interval timing and switching, and ths Aberdeen proving ground is
presently using a specisl form of counter to determine the velocities
of artillery projectiles by the interval timing method. Thers ars

_probably other uses not yet conceived. Eowever, here at NCR we

are primerily concerned with the calculating possibilities of electronie
counters, and ws plan uses whers high speed ealoulation is o necessity.

In the late summer of 1940 we were approached by Dr. Harrison,
shairman of seetion D3 of the National Defense Research Comnittee,
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and Tequested to ald in developing electronic counters capable

of ultra high speeds. A counter, opersble at one million counts

per second wes the objective. We contracted with the N.D.R.C.

to perform the research and to construct a model. In the six

months of the first contract we increased the speed of gas

counters from 1,500 to 150,000 per second end in addition, al-
though it was not a contract obligation, developed and constructed
an impulse controller to operate with the electronic sccumlator.

We received a second contract to continue the work, and during this
period suggested to N.D.R.C. the possibilities of using 2 special
resetting type binary counter to secure the high counting speeds

we were seeking. Now it is the poliey of N.D.R.C. not to permit

one lsboratory to lesrn the aetivity of another during the form-
ative stage of development, but when they found that my proposed
gcheme was identical to a system that the University of Chieago

had already carried far in development they requested I visit the

U. of . to see the work already done. The scheme was and still is

a very practical way to achieve one million or more counts per second
and the work was terminated at the U. of C. and continued here at
NCR. When we started this work the best reliable apeed of this
gcounter was about 400,000 counts per second. At present its rel-
iable top speed is 1,500,000 per second., We are using it as the
units order counter (the highest speed bank} in the second model

we are about to deliver to the N.D.R.C. During the time of our

first two contracts with N.D.R.C. we developed several other count-
ing rings in our search for high speed counters. Both are high
vacuum tube counters known as the Dekatron and Conjugate Pair counters.
Msny vaeriations of these were also developed but we did mot achieve
any speed over 300,000 counts per second with them. During this same
time we also ralsed the speed of the gas tube counters to around 300,000
per second but becsuse this speed is exceszive for good life of our
gas tubes, we do not use gas tubes at speeds over 150,000 per second.

The following is a tabulation of the various counters, com-
puters end impulsers developsd here at NCR since we began work in
1938;

I - Ministure gas tube ring, stendard type, indirectly
heated cathods, many variations for different appli-
cations.

II - Miniature gas tube ring, directly heated cathode, Wire
type cathode.

III - Cold cathode gas tube ring, no cathode heating power,
great future possibilities in commercial elculators.
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Five section gas tubs counter, known as MathetTon,
combines five tubes in one.

Iv

V - Ten section gas tube counter, also Mathetron typs,
combines ten tubes in one.

VI - Conjugate Pair high speed counter, uses vacuum tubes.
VI1 - Dekatron Counter uses vacuum tubea.
VIII - Miniature gas tube ring, negative impulse operatsd.

IX - Improved U, of C. Yecycling binary counter, ultra
high speed, uses vacuum tubes.

X -~ A binary to decimal converter, changes binary notation
to decimal notation necessary in sales analysis machine.

XI - Controlled impulse transmitter which sends sccurate
numbers of impulses in one train.

XII1 - Controlled impulse transmitter which sends definite
numbers of impulses into individual denominational
orders. Used in ocur electronic adding machine. Sev-
eral types.

XIII - Arithmetical machine which adds, subtracts, multiplies,
and divides (dividing still unfinished).

XIV - Two types of read-out mechanisms or indicators for
reading the count in electronic accumulators or total-
izers,

Our patent department has already filed, or is in the process
of preparing patent applications on numbers I, 11, Iv, VI, VII, VIII,
X, XI, XII, and XIII listed above. Numbers I ad XIT are in the sape
application. Mr. Beust hes had all these applications held seeret in
the patent office because of the connection of counter work with N.D.R.C.
work. While many types of counters have been developed here at NCR, we
have always been conscious of the fmet that our primary cbjectives are
uses for counters in calculators or other business machines, although
it may have appeared at times that counter ressarch was being prosecuted
for its seke alome. Several influences caused this wide search for
more counter circuits. Ve were motivated by a desire %o cover as mich
of the art as repidly as possible so as to better our patent position,
by the desire to find the best basic ¢ircult as regards cost, size,
welght, speed, power consumpion and roliability and by the requests
of the N.D.R.C. to develop an ultra high speed counter,
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There is more activity in our laboratories at present,
on electronic counters, than at any time since 1938, We have
accapted two more contracts with N.D.R.C. One is fora miltiple
electronic counter printer and the other for research and develop-
ment of a secret commnication system. Both of course involve
counters. Some of our counters have been developed to a high
state of perfection and these will be used in these contracts.
We are aslso inoreasing our activity on the arithemetical caleulator.
In fact we should concentrate more men on this as there aras signse
that other laboratories are awakening to the possibilitiss of
electronic computing. While carrying out the building of medels,
and developing systems for N.D.R.C. we are also slert to the necessity
of conceiving and developing new counters, impulsers asnd systems
of computing so a8 to maintain a good patent position. At present,
it appears that we are in as good e position as anyone else.

Mention was made that others were becoming active in
the electronic computing field. Of course M. I. T. has been
active since 1939, operating under s money grant from NCR. Their
plans and acecomplishments will be discussed a little later, RCA
experimented with electronic switeches for oscillographic use some
yeers ago and only recently, Dr. Weaver of N.D.R.C. stated during
our visit with him in New York, that RCA had laid plans for a
computer for anti-aircraft control. Dr. Zworykin of tslevision
fame, probably their most widely known research engineer was en-
gaged in the work, As stated before, the University of Chicago,
with N.D.R.C. funds, was engaged, and still is, on the "ratchet
tube. A% the counter conference in Washington December 4, 1941,
two engineers from Eastman Kodsk discussed their electronic com-
puting problems with me, so it id evident that they are interested.
It is also known that the General Electric is developing thyratron
counters since the counter used at Aberdeen was constructed by
them. The Shalleross Company near Philadelphia, hea slresdy offered
an electronic counter for counting factory machine operations, but
it is not strietly an eleetronic counter, since it uges relays in
asgsociastion with the tubea. We purchased oncof their counters, a
very slow speed instrumsnt and examined it thoroughly.

Nov 211 but a few of our counter circuits have been revealed
to the N.D.R.C. in my bi-monthly reports to them, (six reports have
been delivered), and our work, in addition to the work of M.I.P. .
and the U, of ¢. has been incorporated in the N.D.R.C. Section report,
& nundred copies of which were made, and distributed to members of
the Rational Defense Research Committee and to the air corps, naval,
and British and Censdian Liaison personnel. Perhasps others have
obtained copies. We have not revealed to them the cirecuits or other
information in pumber II, III, IV, V, VIII, XII, and XIIT listed in
the tabulation of our research developments. We are continuing to

exert every effort, so that by sheer speed in research and development,
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we will be able to secure end maintein a lead in elsetronic
computer work.,

You will recall that shortly after we began work on
gas tube counters in 1938, we were approached by Dr. Caldwell of
M.I.T. concerning electronic counters. Apparently Dr. Bush had
been thinking sbout the possibilities of counter elements in ¢omp-
uting and hed commnicated his ideas to Dr. Caldwell. They
planned what they called a "Rapid Arithmestical Machine™ an elsborate
scheme to perform the four operations of addition, subtraction,
multiplication, and division, as well as to perform operations in-
volving fuctional relationship such as trigonometric functions,
- that 1s, sines, cosines, tangents, etc., a machine in scope, to
be practically an algebraiec counterpart of the "Differential
Analyzer"., With s money grant from NCR, W. H. Redford of M. I. T.
was directed by Dr. Caldwell to survey the field and prepare a
report. We received two reports from Radford, a preliminary
report in May 1939, and a comprehensive report in October 1939,
The general specifications of the proposed Rapid Arithmetical
Machine were given snd an ocutline of how the work should bs
undertaken. As Radford stated the design of such a machine
m:st solve the problems of selection, transfer, storage, asnd
totalization, and he recommended that the problem of totalization
be attacked first,

We agread with this recomuendation snd they began
regearch work on eleetronic counters. They expressed a pref-
erence for high vacuum tube counters, which was also agreesble
to us since we wers partisl to gas tube counters excepting for
certain applications. Since the beginning of our association
with M. I. T. we have received seven reports from them as follows:

I - Preliminary Investigation by Mr. Redford dated
May 1, 1939,

II - Report of Comprehensive Investigation by Mr., Radford
Qctober 15, 1939,

III - Report of status and future plens for Rapid Arithmetical
Researeh by Mr. Overbeck, January 3, 1940.

IV - A proposal for a multi-total analysis machine using
magnetic storage by Dr. Csldwell, Pebiuary 7, 1940,

V - Counter Report by Mr. Overbeck, October 15, 1940,
VI - Counter Report by Mr. Overbeck, December 9, 1941.

VII

A new high speed counter by Mr. Overbeck, January 8, 1%42,
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From these reports, and from inspection trips to M. I. T., we
have learned of the counters they have developed. According
to the original plan, they have concentrated on vacuum tube
type counters, excepting in the case of their "Digitron®,
which is a combination ccunter and storage tube, and is a gas
filled tube. In order, they have described in their reports
the following electronic counters:

1 - Radford's first stepping ring with multiple
tubes in each position of the ring. Uses
vacuum tubes,

II - Double triode counter. Uses two tubes sections per
stage, both sections in one tube,

II1 - Kleiotron Ring. Uses high vacuum tubes of special
design.

IV - Digitron counter and storage tube. Gms triode with
ten sections. Uses magnet over tube to give dirsction
to stepping.

V - Direct coupled trigger pair counter. Uses two high
vacuum tubes per stage.

VI - Biguintary counter. High vacuum tubes. High speed.

VII - A trigger pair using secondary emission to loeck
trigger in on or off position.

Up until the time they accepted the N.D.R.C. contract
to produce some Digitrons for the committee, they had reported
on I, II, III, and IV sbove. At the counter conference in Washington
they reported on number V, and in their reports of December 9, 1941
and January 8, 1942 they reported on the work of VI and VII. In their
last report they show a block diagram of part of their promosed rapid
arithmeticsl machine. It seems that they have chosen the Digitron
as the counter tube and storage unit to be used in this machime. The
digitron is a relatively slow counter, its speed being listed in the
N.D.R.C.meter report as 2,500 per second. They also produced a
model of a two stage counter using the double tricde counter for the
N.D.R.C. The N.D.R.C. master report also illustrates a gas tube
ring developed at M.I.T., but since it wes developed on N.D.R.C.
funds, it was not reported.to us in the seven reports listed earlier
in this letter, and presumably we will not have license rights con-
cerning this partiecular counter circuit, if a patent on this cireuit
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does not acorue to the Research Corporation.

A% the present time, the only other laboratory besides
ours, dolng work for the N.D.R.C., is that of the University of
Chicago. They are presently developing the "ratchet™, a special
cathode-ray tube, with which they expect to reach enormous counting
speeda. This tube was given some consideration here, but due
%0 the urgency of other work, was set aside for future development .

Since there has been a general awekening to the possibilites
of electronic countera, we may expect others to begin work in this
Tield. I feel that our position is good at present. Others however,
unknown to us, may also be working along these same or similar lines.
In my opinion, the only course to follow to imsurs ocur future position,
is to increase our efforts. I believe we should put greaster emphasis
on our calculating systems, especially mmltiplication and division.

We now have another multiplying system in mind and may incorporate it
in our next computer model. We are exerting every sffort to maks NCR
the leeder in the new field of electroniec computing.

Respectfully,

JRD:HMK
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