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Electronic Computer Division 
Servomechanlsms Laboratory 

Massachusetts Institute of Technology 
Cambridge, Massachusetts 

By: - . . * • ' < & * — 

To; Whirlwind Planning Group 

Froms E . S . Rich, J .A. O'Brien, N.H. Taylor 

SUBJECTS A VISIT TOi 

Engineering Research A s s o c i a t e s 
S t . Paul , Minnesota 

A i r c r a f t Radiat ion Laborator ies 
Wright F i e l d 
Dayton, Ohio 

General P r e c i s i o n Laboratories 
P l e a s a n t v l l l e , New York 

Federal Telecommunication Laboratories 
Kut ley , New Jersey 

Date I January 6, 1949 

The week of December 12 to 16 was e^ent by J.A. O'Brien, E .S . 
Rich, and N.H. Taylor i n v i s i t s to Engineering Research A s s o c i a t e s , S t . 
Pau l , Minnesota, A i r c r a f t Radiat ion Laborator ies , Wright F i e l d , Dayton, 
Ohio, General P r e c i s i o n Laborator ies , P l e a s a n t v l l l e , New York, and 
Federal Telecommunication Laborator ie s , Nut ley , New Jersey . This report 
d i s c u s s e s the impress ions gained on these v i s i t s and a general eva luat ion 
of what they are doing as I t may apply to the future a c t i v i t i e s of 
Whirlwind. 

Engineering Research A s s o c i a t e s in S t . Paul , Minnesota, I s a 
comoany of some 550 employees with a s t a f f of about 150 e n g i n e e r s . They 
have some 16 p r o j e c t s which deal mainly with the problems of Information 
handl ing , and most o f t h e i r work has to do with the d i g i t a l tyne of 
information p r o c e s s i n g . The p r i n c i p a l persons whom vre met are the 
f o l l o w i n g ! Dr. Engstrom, Mr. N o r r i s , Captain Creaser (Navy), Mr. R i l l , 
and Mr. B u t l e r . 

During our one day v i s i t to t h i s organ i sa t ion we v i s i t e d and 
d i s cus sed 6 p r o j e c t s . The f i r s t i s a complete computing system which i s 
a p o r t i o n of Task 13 from the Bureau of Ships . This computer u s e s magnetic 
drum storage with an 8 m i l l i s e c o n d a c c e s s t ime . I t w i l l have some 2500 
vacuum tubes , most o f which Are 6AS6 g a t e s , and 12AD7 f l i p - f l o p s . Some 
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568? tubes find 6AU5'n are used for driving purposes,, As far as we could 
gather , the ari thmetic element rnd the control vere patterned very largely 
a f te r the Whirlwind system. The pulse rate i s 400 kc. Delay l ines are used 
instead of the carry r eg i s t e r , hut a high soeed carry which by-paBses these 
delay linen i s also ava i lab le . The mechanical layout of the system i s very 
similar to Whirlwind, exceot a great saving in space hen been realized by 
u t i l i z i n g the third dimension and folding the panel boards along the sides 
of the tubes. A two d ig i t B reg i s te r becomes p. package about 12 x 6 x 6 
inches. The whole 2A d i g i t ari thmetic element can be housed in a rack about 
\n fopt long by 7 feet high by 18 Inches deepo The connections between racks 
or d ig i t columns were only 6" long rnd were open wire l ines mounted on 
p l a s t i c standoffs on the rear of the racks. These open wire l i nes were a t 
an impedance level of 100 ohms ana the l i n e i wei* about 1/2 Inch r.r.art rr.d 
about 1" above the panel . They have had no trouble as yet with crosis talk 
between these l i n e s . 

The only components counted on the rear of the racks were bathtub 
condensers us"d to decounle the push button l i n e s . 

The power l i n e s vere also open wire and wê -e soaced about l /4" 
apart and perhaps 3/8" away from the rack. With the exception of the 
bathtub condenser being mounted on the rack a l l other construction and 
components were JAN approved. 

One tenth microsecond pulses aro used. Pulse transformers 
similar to Whirlwind un i t s are used throughout. 

Multiplication time of 300 microseconds is achieved. 

The multiple posi t ion switches, 32 and 64 pos i t ion , were Patterned 
a f t e r our 32 pos i t ion switch, and a t r ans la to r similar to our control matrix 
was indicated, ERA engineers otated that most of the i r basic designs 
originated from the Whirlwind reports which they had studied in great d e t a i l , 
and that such refinements as they had added were possible due to the 5 to 1 
reduction In sieed and other changes la the i r over-nil specifications which 
allowed then some f l e x i b i l i t y In design. The Part of th is project which we 
were able to v i s i t made us feel that Whirlwind II as we have sometimes planned 
i s in essence being b u i l t a t ERA, 

J . Hill told us aul te a b i t about t he i r magnetic enuipm<»nt, about 
the same information as i s contained in the i r renort on the game except that 
they have doubled the density of storage to about 1200 d ig i t s per souare 
inch. The magnetic heads are soaced about 0.002 Inches from the surface of 
the drum. The adjustment i s made possible by a d i f ferent ia l screw arrange­
ment in the mounting. The magnetic head i s molded Into a threaded cylinder 
of about 7/16" in dinm. and 2" long. The threads are 32/ln. This mounts 
in a co l l a r which i s threaded a t a p i t ch of 32/ln on the inside and 24 threads 
Per inch on the outs ide . This co l la r i s then screwed Into the mounting p la te 
covering the drum. Thus if the head i s prevented from rota t ing when the collar 
adjustments are made, then one turn of the co l l a r will adv*«<oe i t approximately 
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10 m i l s . Back l a s h of the threads i s nreventod by n n r t i a l l y Butt ing the 
c o l l a r perpendicular to i t s a x i s and then d i s t o r t i n g i t so thrt the threads 
sre under sor ing tens ion a t a l l t i n e s . 

The gen in the magnetic head i s only one n i l in width and i s 
contro l l ed by a 1 mil s t r i p of s i l v e r f o i l that i s inser ted in i t . This 
s i l v e r f o i l i s very important, because of the eddy current e f f e c t s . 

The soace a l l o c a t e d on the drum for recording one d i g i t i s about 
62.5 JC 1 2 , 5 m i l s . Spots are 8C)/in along the periphery and th" tracks are 
roaced l / l 6 " of an inch anart . They used to be l / 8 " apart . They have 
recorded ISO p u l s e s per inch a lone a track. The ac tua l recorded snot i s only 
b mi l s oy 30 GUJ.B end i s umilered in the. ataigned » ' » « or c e l l . 

The drum that we observed was about 8 inches in diameter, and i t 
rotated at 3600 r e v o l u t i o n s r>er n i n u t e . 

We were next shown the operrt lon of the storage by means of a 
control un i t end neon l i g h t s on f l i p - f l o p r e g i s t e r s . The v i s i b l e part of 
the control was en extremely cormac'. c o l l e c t i o n of neon l i g h t s snd push 
but tons . We should inquire further about t h e i r push butcons end a s s o c i a t e d 
c i r c u i t s . 

Mr. H i l l was able to show us by pushing push huttens( s e t t i n g up 
operat ions "nd addresses in c o n t r o l ) a l l of the operat ions on s torage; 
reading, wr i t in , w r i t i n g oppos i t e numbers in adjacent spaces , and s e l e c t i v e 
w r i t i n g which i s s i m i l a r to our td opera t ion . 

The second p r o j e c t we v i s i t e d has to do vith a p h o t o e l e c t r i c 
reader of punched oaner t r p e . This enulprtent reads in P a r a l l e l 7 hole tape 
at a rate of 400 l i n e s Per second. This eouipm«>nt nay orove very useful 
as a nart of our input output medium. We have reouected block diagram 
drawings and a p r i c e on thia ecuipment. 

The th ird p r o j e c t has to do with high s^eed p r i n t i n g of decimal 
numbers or n lohabe t i ca l charac ter s . This eoulpment can d i sp lay on an 
o s c i D o s c o o e 1FO0 characters per second. These may be photographed from 
the face of the 6cooo by high s^ieed f i l m s . This contract i s under the control 
of the Bureau of Standards and i e aimed a t p r i n t i n g some 10,000 charectera 
per second. The technique used i s to engrave on a magnetized p l a t e the 
necessary i n f o r - r t i o n in the X, Y, and Z coordinates so that magnetic plckuo 
r e c e i v e s the proper information to cause an o s c i l l o s c o p e beam to write the 
c h a r a c t e r s . When connected to a computer or other high soaed binery d e v i c e s , 
the P a r t i c u l a r character des i red would be s e l e c t e d by a gat ing process under 
the contro l of th« computer. This eauipnent i s the only medium that ve hrve 
found '•• 'ich i s capable of reproducing information a t a rate conperable with 
the output of Whirlwind I . 
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The fourth oroject at KRA was concerned with the development 
of a magnetic tyne flip-flop circuito The work was described by Mr. Mlleeo 
The technique used follows thet employed In magnetic amplifiers. Hl8 pre­
liminary investigations show 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 signal and gating levls are below 3 volts. He has successfully made 
shifting and counting registers using these techniques. 

Discussions of the fifth project with Mr. Kails of BRA concerns the 
application of magnetic drum storage to the eirlines1 reservation problem. 
This proposal is being made by TIBA In conjunction with the Automatic Ele. trie 
Company for use by Northwest Airlines. 

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

VRJGHT FI-qLD 

The day at Wright Field was spent in discussing two distinct 
phases of computer activity. Mr. Boyd Joined us for these meetings. In tiie 
morning some new types of memory devices which are being investigated were 
discussed. Mr. Colbert had assembled several representatives from varloue 
technical groups around the field to take part. The new recording methods 
mentioned were (l) use of a tape coated with dielectric material such as 
barium titanate in which the recording consists of variations In dielectric 
constant produced by an electric field at the tin of a suitable stylus, and 
(2) a system in which alteration of the dipole moments In a suitable 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 appeared that all of the research en recording equipment being 
done at Wright Field or by their subcontractors is for analogue information 
such as sound and telementering data. This anolies to the new recording 
methods 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 value to 
computer Input-output problems was obtained. It was stated that a contract 
has recently been let to Armour Research Foundation, Chicago, for research 
to improve the high frequency response on magnetic tai5e0 

Boyd and Rich also hed some discussion with Mr. Althouse, who has 
had considerable exoerlence in miniaturization of equipment for aircraft 
applications. He stated that, In his opinion, at present there are three 
general methods by which miniaturization may be obtained without sacrifice of 
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re l iab i l i ty . They ares 

1. Reduction In s i te of components* 

2. Use of ceramic molds into which s i lver Is poured 
to form the wiring between components* 

3 . Imbedding components In a thermoplastic. 

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

In the afternnon Mr. O'Brien and Mr. Taylor discussed the problems 
of display with Mr. M. Warwick, Or. Be l l , and Mr- Chrlstianson. These 
discussions led to consideration of new amplications for high sneed computer. 
It seems that the Air Force i s concerned with a f l ight simulator containing 
a cockpit for testing p i l o t reactions under extreme f l ight conditions. A 
contract for such a device Is apparently under consideration. The Wright 
Field men were very anxious to hrve the work which Whirlwind originally did 
In this f i e ld reviewed before such a contract was signed. 

A second problem concerns the Interception of enemy aircraft . At 
present the only method available to the Air Force uses OCA equipment with 
certain manual aide which are quite unsatisfactory to cope with the problem. 
The application of a high speed computer such as Whirlwind to this problea 
seems to be very desirable to all those participating in the discussion. We 
plan to return to Wright Field and discuss this pos s ib i l i t y with others who 
are closely associated with this problem. 

General Precision Laboratories 

At General Precision Laboratories we were met by Mr. Greenwood 
who ^ad made arrangements for our v i s i t . He Introduced us to Dr. Everett B. 
Hales who carried on almost the entire General Precision Laboratories side 
of the conversation for the duration of our v i s i t . 

The time at General Precision Laboratories produced very l i t t l e 
now Information concerning terminal equipment suitable for Whirlwind I. Most 
of the information that we obtained consisted of report numbers of renorts 
for which we could write and which might contain material of Interest . 

General Precision Laboratories has worked out a 10 digi t binary 
to analog converter used In reading binary numbers from film for one of their 
Navy projects. The decoder i s an interesting variation of the weighted 
current tyoe in which relays were used as the switching element. They used 
Western Electric mercury contact re lays , and advised us to be careful of 
Stevens Arnold relays. The relays were controlled hy thyratrons, and 
separate output channels used separate decoders thus eliminating some 
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holding problems. They had also made a study of the precision requirements 
of the resiBtoro used in the decoders. All of this Information Is contained 
in a report to the Special Devices Center t i t l ed The Three-Channel Him 
T,ranBiftt°r° 

Dr. Hales also told us that General Precision Laboratories has 
done a great deal of work on simulation, but most of their wcrk was with 
analog devices. They did do some work on the same tyt)e of a scone display 
system as we have proposed. This work was done by a group under a Mr. 
Gi l le t te who was not available at the time we were there, but we have the 
t i t l e s for several reoorta on the work and we shall request copies from the 
Special Devices Center,, 

We told th<»m of our tube l i f e 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 &ave us e copy of a memo he had written two years ago 
on "Displays for Whirlwind Demonstration." In this memo he gives a brief 
description of a display system similar to the one which we recently 
proposed. 

Federal Telecommunications 

Mr. Robert Grieg and Mr. A. Levlne gave us a quick review 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 abi l i ty to transpose voltage amplitude 
Informetlon into a cyclic progression code. This code can readily be changed 
to a binary system by the use of a f l ip-flop c ircu i t . The tube can convert 
a voltage to a 6 digi t number In apr>roximately 5 microseconds. Indications 
are that 8 digit accuracy can be obtained but increased accuracy may be 
d i f f i cu l t . The 6 digit tube i s available. We may be eble to use i t 
e f fect ive ly as a part of our raoid input equipment. The decoding of binary 
Information to an analogue voltage Is accomplished by current addition 
similar to our own circuitry. We plan to study the details of these coding 
systems at a later date. 

Mr. Orleg also mentioned a matrix coder using crystals which had 
as an input the analog voltage to be coded and gave the coder outnut on 
separate output l i n e s . We did not have tine to discuss this unit any further. 
Federal has also developed their own delay l ines and has nackaged them 1" 
plug-in unit . They use a tailed delay l ine feeding a current-adding network 
to decode their Ferial s ignals . They suggested that we write for additional 
information on delay l ines 

During the afternoon session we discussed some of the problems 
associated with anolylng a high sneed digital computer to an air traffic 
control system. Those nresent Included Mr. H. Buaignles, Mr. A.O. Richardson, 
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Mr. Paul Adams, Mr. Sandretto, and Mr. DeschamPso Mr. Paul Adams had very-
definite ldec-s on the use of a digital computer for the air traffic problem. 
He feels that distance measuring equipment similar to that develOT>ed by 
Federal will be necessary before the data from a given airplane can be fed 
into the computer. A 3 element Selsyn system Is available which averages 
out many adjacent readings frim a given aircraft and makes available to the 
computer information relatively free of radar and pilot noise. This shaft 
position tyne of Input data will have to be converted to digital informption, 
and he indicated that Federal is Interested in this problem. Re warned against 
using the computer itself as a means of purifying directly the data obtained 
from a radar. In his opinion the Internal storage Is much more valuable If 
used on the main traffic problem. 

lagfcrdiBt i'«e problem or display, Mr. Adams and Mr. Sandretto 
feel that any attnnrot to reproduce a PPI display with refinements as to 
target identification represents a step In the wrong direction as far as the 
traffic problem is concerned. The main problem is to assimilate a tremendous 
amount of varying information, and it has already been demonstrated that one 
human is incapable of absorbing all that can be disDlayed on a simole PPI. 
He feels that a checking computer should be used to detect any deviation in a 
traffic pattern, and that the use of a display oscilloscone should only be 
used to study the situation in a very small segment of this pattern. For 
purposes of demonstration and program study, It still eeems to us thet some 
sort of dlsolay is necessary. Mr. Adams has be»n in charge of the Navascreen 
equipment. We have some literature on this system and will be able to obtain 
whatever help we need in obtaining come display for our purposes. 

Mr. Adams and Mr. Sandretto are both associated with and keenly 
aware of the ANDB activity in the air traffic problem. They seem very anxious 
to cooperate with our air traffic project to learn how to use the Whirlwind 
computer in conjunction with their own radio aids to navigation. Mr. Adams 
is apnarently spending considerable time on our renorts and is oractlcing the 
writing of some simple codes for the Whirlwind computer. A return visit to 
Federal on these items Is certainly In order. We invited Mr. Adams to visit 
our project as soon as he finds it convenient. 

Mr. A.O. Richardson has recently Initiated a project on the 
conversion of digital informption to a binary shaft position. He intends 
to use the cyclic progression code mentioned above in conjunction with some 
photoelectric reading techniques which have been developed at the Federal 
Laboratories.. He was quite anxious to design his equipment so that a machine 
such as Whirlwind could use it as an outwit medium. He also would like to 
visit our project in the near future. 

There are so many activities Bt the Federal Laboratories which 
tie in quite closely with our Immediate problem of formulating plans for 
terminal equipment that a return visit to Nutley seems to be In order to study 
in more detail the various systems which they propose for use with digital 
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