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Pleasantville, New York

Federsl Telecommunication Laboratories
Hutley, New Jersey

So
Datei January 6, 1948

The weerk of December 12 to 16 was snent by J.A, O'Brien, E.S§,
Rich, and N,H., Taylor in visits to Engineering Research Associates, St.
Paul, Minnesota, Aircraft Radiation laboratories, Wright Fleld, Dayton,
Ohio, General Pracision Laboratories, Pleasantville, New York, &nd
Federal Telecommunication Laboratories, Futley, New Jersey. This report
discusses the impressions gained on these viaite and a general evaluation
of what they ere doing as it may annly to the future activities of
Whirlwind.

Engineering Regearch Associates in St, Paul, Minnesota, is a
company of some 550 employees with a staff of abrut 160 engineers. They
have some 16 projects which deal mainly with the problems of informetion
handling, and moat of their work has to do with the digital tyne of
informe tion processing. The principal persons whom we met are the
following: Dr. Bngstrom, Mr, Norris, Captain Creaser (Favy), Mr. Hill,
and Mr, Butler,

During our one day visit to this organleation we vigited and

. discussed 6 projects. The first is a complete commuting aystem which is
a portinn of Task 13 from the Bureau of Ships. This computer uses magnetic

drum storage with an 8 millisecond access time, It will have some 2500

vacuum tubes, moat of which are 6AS6 gates, and 12AU7 flip-flops. Some
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5687 tubes and EANE's are ueed for driving murnoges. As far as we could
gather, the arithmetic element snd the control were nattarned very largely
after the Whirlwind system. The pulse rate is 400 kc. Delay lines are used
inatead of the carry register, but a hiph sveed carry which by-vasses these
delay lines is also available, The mechanical layout of the asvstem 1ls very
similar to Whirlwind, excent a great saving in svace hea been realized by
utilizing the third dimension and folding the manel boards along the sides
of the tubes. A two digit B register becomes & packege mbout 12 x € x 6
inches., The whole 24 digit erithmetic elament can be housed in a rack ahout
14 feet long by 7 feet high by 18 inches deep, The connectinne between racks
or digit columna were only E" long nnd were onen wire lines mounted on
plantic standoffes on the remrr of the racks, These onen wire lines were at
an impedance level of 100 ohmg and the iPines were aboud 1/2 inch azart ond
about 1" above the vmanel. They heve had no trouble as yet with cross telk
between these lines.

The only comonents mounted on the rear of the racks were bathtub
condensers used to decounle the push button lines.

The power linea were al3o open wire and were snaced ahout 1/4"
apart and nerhans 3/8" away from the rack, With the exception of the
bathtub condenser being mounted on the rack all other construction and
componenta were JAN amroved.

One tenth microsecond pulees are used., Pulse transformers
gimiler to Whirlwind units are used throughout,

Multinlicetion time of 300 microsecnnds is achieved.

The multiple position switchea, 32 and 64 position, were patterned
after our 32 positinn switch, and a tranglrtor gimilar to our control matrix
wag indicated., ERA engineers ntzted that most of thelr basic desiyns
originrted from the Whirlwind reports which they had studied in great detail,
and that such refinements as they had added were possible due to the 5 to 1
reduction in smeed and other changes in their over=-all enecifications which
alloved them some flexibility in desipn. The nert of this mroject which we
were 2ble to visit made ua ferl that Whirlwind II as we have sometimes planned
is in escence being built at ERA,

J, Hi1l told us quite a bit about their megnetic enulpment, sbout
ths game information me is contnined in their renort on the esme excent that
they have doubled the density of storage to about 1200 digits per souare
inch. The magnetic heads are spaced about 0.002 inches from the surface of
the drum. The adjustnent 1g made nnasible by a differentinl screw arrange-
ment in the mounting, The magnetic head is mnlded into a threaded cylinder
of pbout 7/1€" 4n diam. and 2" long., The threads are 32[{in. This mounts
in a collar which is threaded at a pitch of 32/in on the inside and 24 threads
ner inch on the outside. Thia collar is then screwed into the mounting plate
covering the drum. Thus 1f the head is nrevented from rotating when the collar
adjustmenta are made, then one turn of the collar will advemoe it avnroximately
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10 mile. Back lesh nf the threads ia nrevented hy nartially cutting the
coller vernendicular tn its Axia #nd then distorting it so thnt the threals
sre under anring tensinn nt sll times.

The gen in the megmetic hernd is only one mil in width and is
eontralled by a 1 mil atrin of silver foll thet is inserted in it. This
silver fonil is verr immortant, because of the eddy current effects.

The anace allocated on the drum for recording one digit is abount
£2.5 x 12.5 mile, Soota are BO/in along the periphery and the tracks are
saced 1/16" of en inch anart. They used to be 1/8" anart, They hrve
recarded 120 pulses mer inch along a track. The actusl recorded smot is only
6 mile by 0 mile and is cenbered in thn neaipmad emece or cell.

The drum that we observed was about 8 inches in diameter, and it
rotated at 3600 revolutinng rer minute.

e were next shovn the onerntinn nf the storage by menrns nof a
contrnl unit snd neon lights on flip-flop registers. The visible mart of
the control was sn extremely cormec’ cellection »f neon lights ~nd push
buttons. We should inquire further about their push butione £nd asenciated

t circuits.

Mr, Hill was able to show us by pushing push buttena(settins up
onerations nnd addresses in control) all of the onerntinna on stnrage;
reading, writin-, writingopoosite numbers in adjacent snnces, and selective
writing vhich i=s similar to our td oneration.

The aecond nroject we vigited has to dn with a photoelectric
reader of munched naner trne, This enuipment reads in marrllel 7 hole tave
at & rate of A00 lineg ner second, This eoulpment may nrove very useful
ag & nart of our inout nutput medium., We have regue=ted block diagram
drawings and 2 nrice on thia eguinment.

The third nroject has to dn with hirh smeed nrinting nf decirmnl
numbers or alnhshetical characters., This eguivment can displey on Fn
ogcillosenne 1500 cheracters ver second. These may be photogranhed from
the face of the scope by hisgh sneed films, This contract is under the control
of the Bureau of Standards and ie aimed at nrinting some 10,000 cheracters
ver gecond. The technigque used ies to engrave on a magmetized plate the
necessary infor—rtion in the X, Y, end Z coordinates so thrt magnetic vickuo
receives the prover infarmatinn tn cause an occilloscone beam to write the
charactrra. When connected to a cnmmuter ar other high sneed binery devices,
the narticuler chrrocter deaired would be selected by A gating process under
the eontral ni the computer. Thia eguinment is the nnly medium that we hrve
founi! w-ich ir canerble of renroducing infarmetion at » rate cormearable with
the nutout of Whirlwind I,
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The fourth vroject at BRA was concerned with the development
of a magnetic tyne flip-flop circuits The work wae described by Mr. Miles.
The technique used follows thet employed in magnetic amplifiers. Hig pre=-
liminary investigatiorne ghow that switching rates of between 400 and 500
kilocycles are readily available. He feels sure that 1 megacycle rates are
not far away. He has used these magnetic flip-flops to control crystal gates,
the signel and gating levls are below 3 volts. He has successfully made
shifting and counting registers using these techniques.

Discugsions of the fifth project with Mr. Kalb of ERA concerns the
application of magnetic drum mtorage to the pirlines' reservation problen.
This proposal is being made by WRA in conjuriction with the Automatic Ele: tric
Company for use by Northwect Alrlincs.

A round-table discnssion of an hour rnd A half was held, and we
were questioned by a dogen of their senlor engineers concerning tube
reliability, crystal problems, relays, etc. They were interested in our
trouble location techniques, storage tube work, and indicated that they
studied carefully most of the reports which had come from the Whirlwind
project.

WRIGHT FI¥LD

3 The day at Wright Field was spent in discussing two distinct
phases of computer activity. Mr. Boyd joined us for these meetings. In the
morning some new types of memory devices which are being investigated were
discussed. Mr, Colbert had assembled several representatives from various
technical groups around the field to take part. The new recording methods
mentioned were (1) use of & tape coated with dlelectric material such as
barium titanate in which the recording conglats of variatinngs in dielectric
congtant produced by an electric field at the tin of a suitable etylus, and
(2) a system in which alteration of thes dipole moments in & sultable media
represents the information to be recorded, It was thought that the
dielectric storage might allow much higher recording densities than can be

- obtained with magnetic tape.

It anpeared that all of the research cn racording equipment being
done at Wright Field or by their subcontractors is for analogue information
such as sound and telementering data. Thig annliee to the new recording
methode mentioned above as well as to the work being done on magnetic record=
ing which wae discussed with Mr. Boyd and Mr. Rich in the afternoon. No pulse-
recording work has been done so relatively little information of walue to
computer input-output problems was obtained. It was stated that a contract
has recently been let to Armour Regearch Foundation, Chiceago, for research
to improve the high frequency response on magnetic tave,

Boyd and Rich also hed gome discussion with Mr. Althouse, who has
had conelderable exverience in miniaturization of asquipment for aircraft
‘ apnlications. He stated that, in hie opinion, at present there are three
general methods by which miniaturization may be obtained without sacrifice of
I -
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rellability. They are:
1. Reduction in size of compomente.

2. Uge of ceramic molds into which silver is poured
to form the wiring between components.

3. Imbedding components in a thermoplastic.

He favors keeping equipment large enough so that it can be air-cooled
to avoid using liquid cooling.

In the afternnon Mr. O'Brien and Mr. Taylor discussed the problems
of dieplay with Mr. M. Warwick, Dr. Beil, and Mr. Christianson. These
discussions led to consideration of new amplications for high sveed computer.
It seems that the Alr Force is concerned with a flight simulator containing
a cockpit for testing pilot reactions under extreme flight conditions. A
contract for such a device is apparently under consideration. The Wright
Fleld men were very anxious to heve the work which Whirlwind originally did
in this fleld reviewed before such a contract was signed.

A gecond problem concerns the interception of enemy aircraft. At
present the only method available to the Air Force uses GCA equivment with
certain manual side which are quite unsatisfactory to cope with the problem.
The avprlication of a high speed computer such as Whirlwind to thie oroblem
seems to be very desirable tosll those particinating in the discussion. We
plan to return to Wright Field and discuss this poseibility with others who
are closely assocliated with this problem.

General Precision lgboratories

At General Precision Laboratories we were met by Mr. Greenwnod
who Nad mede arrangements for our vigit. He introduced us to Dr. Rverett B,
Hales who carried on almost the entire General Precision Laboratories side
of the conversation for the duration of our wisit.

The time at General Preclsicn Laboratories produced very little
new information concerning terminal equipment suitable for Whirlwind I. Most
of the information that we obtained consisted of revort numbers of revorte
for which we could write and which might contain material of interest.

General Preclsion Laboratories has worked out a 10 digit binary
i0 analog converter uged in reading binary numbers from film for one of their
Navy projects. The decoder is an interesting variation of the weighted
current tyve in which relays were used as the gwitching element. They used
Western Electrie mercury contact relays, and advised us to be careful of
Stevens Arnold relays. The relays were controlled %y thyratrons, and
separate output channeles used separste decoders thus sliminating some
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holding problems. They had also made & study of the precision requirements
of the resistors used in the decoders. All of this information is contained
in & report to the Speciaml Devices Center titled The Three-Channel Film
Tranglator.

Dr. Hales also told us that General Precision lLaboratories has
done a great deal of work on simulation, but most of thelr werk was with
analog devices. They did do some work on the same tyve of a scove display
syatem as we have pronosed. This work was done by a group under a Mr.
Gillette who was not available at the time we were there, but we have the
titles for severel reonrts on the work and we ghall request copies from the
Smecial Devices Center.

¥We told them of our tube life studies of which they were unaware,
end we also mentioned the fact that work has been done by Prof. Linvill
on the sampled date servo problem, We told them that we would send them
additional information on these subjects.

Dr. Hales gave ug 2 copy of a memo he had wyritten two years ago
on "Digplays for Whirlwind Demonstration.” In this memo he gives a brief
description of a dlsplay system similar to the one which we recently

‘ proposed.

Federal Telecommnicationg

Mr. Robert Grieg and Mr. A, Levine gave us a quick raview of the
pulse code modulation coding system used on the TRC25 development from Cole
Signal Laboratories. In conjunction with this system a cathode~ray coding
tube has been developed which has the sbility to transpose voltage amplitude
informetion into a cyclic progression code. This code can readily be changed
to a binary syetem by the use of a flip-flop circuit. The tube cen convert
a voltege to a 6 digit number in avnroximately 5 microseconds. Indications
are that 8 diglt accuracy can be obtained but increased accuracy may be
difficult. The 6 digit tube is availlable. We may bDe able to use it
effectively as a part of our rapid input equipment. The ducoding of binery
information to an anslogue voltage 1e accomplisghed by current addition
similar to our own circultry. We plen to study the detalls of these coding
systems at a later date.,

Mr. Grieg also mentioned & matrix coder using crystale which had
ag an input the analog voltage to be coded and gave the coder output on
separate output lines. We did nnt have time to dimcuss this unit any further.
Federal has also developed their own delay lines and has mackaged them in
plug-in unit. They use a tanved delay line feeding a current-adding network
to decode their eerial signals. They suggested that we write for additi~nal
information on delay lines

‘ During the afterncon seseion we discussed some of the problems

associated with anplying & high speed digital computer to an alr traffic
control system. Those Dresent included Mr. H. Busignies, Mr. A.O, Richardeon,
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Mr, Paul Adams, Mr. Sandretto, and Mr. Deschamps., Mr. Paul Adams had very
definite idecs on the use of a diglitel computer for the air traffic vroblem.
He feels that distance measuring equipment similar to that develoned by
Federal will be necessary before the data from a given alrplane can be fed
into the computer., A 3 element Selsyn syetem 1g available which averages
out many adJjacent readings from a given aircraft and makes awvailable to the
computer information relatively free of radar and pilot noise. This shaft
position tyve of input data will have to be converted to digital informestion,
and he indicated that Federal 1s interested in this problem. He warned against
using the computer iteelf as a means of purifying directly the data obtained
from a radar. In his opinion the internal storage is much more valuable if
uged on the main traffic problem.

Pegarding ihe problem of display, Mr., Adams and Mr, Sandretto
feel that any attemot to reproduce a PPI dieplay with refinements as to
target identification represents a step in the wrong direction as far as the
traffic problem is concerned. The mein problem is to assimilate a tremendous
amount of varying information, and it has already been demonstrated that one
human is incapuble of absorbing all that can be disvlayed on a simnle PPI.

He feels that a checking computer should be used to detect any deviation in a
traffic pattern, and that the use of a disvlay oscilloscome ghould only be
used to study the siturtion in a very small segment of thie mattern. For
purposes of demongtration and program study, it still seems to us that scme
sort of dievlay is necessary. Mr., Adams has been in charge of the Navascreen

. eguipment. We have some literature on this system and will be able to obtain
whatever help we need in cobtaining =ome display for our purvoges.

Mr. Adams and Mr, Sandretto are both aseociated with and keenly
aware of the ANIB activity in the air traffic problem. They geem very anxiovs
to coonerate with our air traffic project to learn how to use the Whirlwind
computer in conjunctinn with their own radio aids to navigation. Mr. Adams
is apmarently snmending considerable time on our revorts and is vpracticing the
writing of gome simple codes for the Whirlwind computer. A return vilsit to
Federal on these items 1s certainly in order. We invited Mr. Adams to visit
our projJect as soon as he finds it convenient.

= Mr, A.0. Richardson has recently initiated a project on ihe
conversion of digitel informetion to a binary shaft poeition. He intende
to use the cvclic progression code mentinned above in conjunction with some
photoelectric reading techniqueg which have been develoved at the Federal
Laboratories. He was quite anxioue to deeign his equimment so that a machine
such as Whirlwind could use it as an outrut medium. He also would like to
vielt our project in the near future.

There are so many activities at the Federal laboratories which
tie in quite closely with our immediate problem of formulating plans for
terminal equipment thet a return visit to Nutley seems to be in order to study
in more detall the various systems which they pronose for use with digital
equipment.
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