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Aocaea tlma 

Accumulator 

Analogue computer 

Arithmetic alemant 

A-Regiater 

Binary d ig i t 

Binary number system 

Block diagram 

B-Hegiotar 

iWttM 
The tlma requl -ed to transfer numbers 
to or from the storage. 

The adding unit of the arithmetic element. 

A computer In which numbers are represented 
by physical magnitudes such as rotation of 
a shaft or quantity of charge In a 
condenser. 

The part of ths computer that performs 
the actual arithmetic operations. 

The register l a t i e exlthmetlc elemert 
used to hold TcmoiTt, coming Into the 
arithmetic eleaeni from the bus. 

A digi t of a binary number. The binary 
system usea o^ly the digits 0 and 1. 
lln&ry numbers ooataln an arerage of 
C--1/3 times as many digi ts aa corresponding 
uoclmal nuabeta. 

A system In vhloh the digits of a number 
ar» tbo coeff ic ients of powers of the 
taee 2; Just as i:i the decimal system, 
the d ig i t s are coeff icients of powers of 
the base 10. 

A functional eoharsatlo; a drawing or 
study which i s concerned only with the 
functions of i t s elements and not with 
their physical de ta i l s . 

The register in toe arithmatlc element ussd 
for holding the multiplier, e t c . , during 
arithmetic operations. 

A group of conductors used for trans-
s i t t i n g a oocplets number or order. 
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Carry 

Check register 

Control 

Digital computsr 

31 ootro s ta t i c storaga 
tuba 

n i p - f l o p 

Gate tuba 

High-speed carry 

Input 

Kaatar clock 

Matrix twitch 

BHMH 

A poss ible over!Low In a s lngls d ig i t 
column following an addition. The carry 
•nut be added from one d i g i t colran tc 
the next. 

The special register pro Tided for tho 
transfer check. 

That part of the ooiaputer which controls 
the operation oi th» storoge and the 
arithmetic eleaent. 

A cosrputer In vtlcii quantit ies are 
represented numerically. 

A ipec la l cathode rsy tube In whloh binary 
d ig i t s v stored as positlYe or nagallvs 
charges on a d ie lectr ic p la te . 

A two-tube electronic device of whloh 
ei ther one tube or the other l a conducting 
but not both. According to whloh of 
the tubas i s cor.luotlng, the f l ip- f lop i s 
said to bo storing a 0 or a 1 . 

A l u l t l g r l d tube which w i l l conduct only 
i f pos i t ive Toltagos ar* supplied to n i l 
gr ids . Only twc-grld tubes are considered 
la t h i s report. 

A cysts* in which a l l carrlee in a l l d ig i t 
colttsme are executed elaniltaneoualy. 

The equipment used for supplying 
inio rant Ion to the somputor. 

The primary source of ths pulses whloh are 
used to operate the computer. 

A twitch for decoding binary numbers 
whloh operates by mixing, in a aet of 
die dee or resistors , the outputs of f l i p -
f lops holding ths binary nuartar. 
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Mult.ple-length number 

Multiple-addreas code 

Operation oontrol 

Operation n a t r l x 

Operation timing 
matrix 

Order-

Output 

Parallel trenealaalon 

Program control 

K number that o:ouplos nore than one 
resistor, used 'or higher accuracy or 
for alphabetic '.nforrcatlon. 

Orders In general conalst of an 
lnatrootlonal operation code plus the 
positions or addreaaea of one or more 
of tue words in the storage. Orders 
are cal led ela«".e or multiple-addreae 
orders depending on whether there are 
one or more references to storage for 
essh operation. 

Tba part of the complete control which 
direct a the eri ;hmetlo part of each 
operation. 

Ihe array of connections whloh gates 
the control gate tube a according to the 
selected posit', on of the operation 
oontrol switch. 

The array of co inactions whloh supplies 
the seleoted coatrol gate tubea with 
tfc«. proper time pulses . 

A coded lnetructlon Inserted by the 
operator and used by the nachlne In 
carrying oat i t s arithmetic operations. 

Tte equipment used for extracting 
Information from the computer. 

The system of data transmission in whloh 
the d i g i t s of s number are transmitted 
sisultaneously oTer separate l i n e s , as 
contrasted to i i r l a l transmission. 

the part of the oontrol which se ts up 
each operation ->rlor to I t s arithmetic 
execution. 
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Program counter 

Program register 

Pulse repet i t ion 
frequency 

Keglster 

Scale factor 

. »r'.al program-ilng 

erlal transmission 

Shift 

Sign d ig i t 

1 ennlrur 

Tho part of the computer that se lec t s 
the next order to he performed. 

The part of tho computer used for 
holding orders after they are extracted 
from storage bv.t before they are 
carried out. 

Numb >r of pulsus generated -p«T seoond. 

A group of elements used In the machine 
to store a single number or order 

The raultlpllor associated with oaoh 
nusVber In the rachlne ueed to foroe these 
numbers to occupy the limited ruage of a 
machine regis ter . 

Er-eoutton of oceplete arithmetic 
operations one at a t ine . Coding I t 
simpler and nanler to organize where 
simultaneous arithmetic operations are 
avoided. Serial programing I s possible 
with either paral le l or aerial d ig i t 
transmission. The alternate or multiple 
prograavalng i s eometinee us»d to increase 
computer spaed. 

The system of oata transmission in which 
the dig i t a of n number are transmitted 
In sequinoe or<r a single l ine as con-
traated to paral le l d ig i t trensnlaalon. 

Horement of a lumber in a register one or 
•ore plaoea to right or l e f t ; equlTalfnt 
to multiplying or dlriding the number by 
a power of 2 . 

A single d ig i t of a machine mnbor used 
to designate algebraic sign. 
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Tenn 

Simulation 

Single-address coda 

Step counter 

Storage 

S ibcrogrnn 

Three-address code 

Tine pulee distributor; 
Tine pulee 

Toggle-switch storage 

Transfer 

banning 

Ti>e representation of physical systems 
by a oonputer. Jbr further lnfonaatlon 
sse Section 1 . 1 . 

Orders In general consist of an In­
structional operation code plus the 
positions or addresses of one or mors 
of the i/ords In the storage. Orders are 
called t ingle- or multiple-address 
orders depending on whether there are 
one or nora ref sronoee to storage for each 
operation. 

The binary counter used In the arithmetic 
elenent to count the steps In multiplication, 
dlrlslon, and shift oporatlons. 

That part of the oompujer that holds the 
numbers and ordara used by the computer. 
I t la mnde up of a number of storage 
ragl stars. 

A subsidiary sequence of orders which may 
ba Inserted In the main sequence of orders 
whenerer desired. 

See multiple-address coda. 

A dsvloa for distributing clock pulses on 
to a sou of l lnea In some fixed sequence; 
the resulting poises. 

The 27 toggle-switch roglatere making up 
part of the t ec t etornge. 

The transmission of a number from one 
register to another. 

A sharp pulse used for i n i t i a t i n g a 
switching operation. 

Word The aernral digit a making up a number or 
order. 
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Section 1.0 

Summary 

Project Whirlwind at the Massachusetts Inst i tute of Technology 

Sorvouechani SOB Laboratory la sponsored by the Spaclal Devices 

Centar of the Offlca of Naval Research. The Project la engaged In 

the study and design of simulation and control systems Involving 

blgh-eperd electronic d ig i ta l computer*. Tha greater part of the 

Project effort la at present directed toward the design of snoh 

computers. 

Tha original objective of the Project when started In ' .'car 

1944 w&s the construction of a simulator to predict the f l i ght 

characterist ics of large aircraft- Kleotrloal analogue computing 

equipment similar to that used In some f ire-control computers was 

f i r s t proposed but was discarded as uneuited to a problem aa con 

plicated as the aircraft simulator I t was realized that the re­

quired oapacity and s e n s i t i v i t y could only be obtained by the use 

of nunerloal computation methods. Equipment ani techniques or ig i ­

nally developed for radar made possible the necssaary high com­

puting speeds. 

The electronic d i g i t a l computers under Investigation are so 

universal end f l ex ib le in their applications that the scope of the 

Project has been extended to the study of other problems> These 

other applications Include air traff ic control, Army and Davy War 

Collage oombat simulators, guided missile data reduction. Census 

Bureau problems, and l o g ! s t i e s computations. These new problems 

require d ig i ta l computers and associated data conversion equipment 

which are no different from the equipment being developed for the 

aircraft simulator The computers wi l l also be ent ire ly suitable 

for s c i e n t i f i c and engineering calculations Including s t a t i s t i c a l 

research. 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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Section 1.0 

The most Important element of these simulation and control 

systems I s r. properly designed electronic computer, Designs con­

templated lnolude provision of storage capacit ies of as much as 

16,000, 10-dlgit decimal numbers and computing rates as high as 

25,000 multiplications per second. Design and construction Is 

now proceeding on a prototype computer cal led Whirlwind It This 

computer will have a storage capacity of 2,000, 5-diglt decimal 

numbers and a computing rate of 20,000 multiplications per second. 

All oomputers contemplated can be set up for new problems In a 

matter of minutes, using previously prepared photographic Input 

fi lms. 

Technically Whirlwind I Is of the parallel-digit-transmission 

type, uses s leotrostat lo storage tubes for storing numbers and 

orders, and operates In the) binary Instead of the deolaal number 

systsm. Automatic conversion equipment l e being provided at 

film preparation unite so that the human operator need handle 

only deolmal numbers. 

An aircraft cookplt asd control equipment i s being bui l t to 

study the alroraft oontrol problem. Toll soale solution of air­

craft s tab i l i ty must await a larger computer than Whirlwind I . 

It Is planned that Whirlwind I and at least part of the assoolated 

simulation equipment wi l l be operating by January 1949. 

Sections of a Whirlwind type computing element have been 

built and are sa t i s fac tor i ly passing tes t s The e lectrostat lo 

storage tube, which i s being deruloped at M I T , Is progressing 

on the desired time schedule. I t s status i s now between the re­

search and development phases Small tubes have been bui l t and 

have proved successful Work Is proceeding on larger tubes with 

faster operation. 3peoial electronic c ircu i t s have been developed 

and are operating s a t i s f a c t o r i l y . 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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Section 1 1 

Automat to checking of computer operation, and inspection 

methods for detecting oarglnal operation are being incorporated. 

Mathematical reaeareh into problema of moat urgent Interest 

'•a part of the Project york. Training in d i g i t a l computer a and 

their applicatlona la Included in the Project and the M.I,To 

academlo a c t i v i t i e s -

1.1 The Simulation Problem 

The primary objective of Project Whirlwind l a to develop 

elmulation and control ayateme baaed on d ig i ta l oomputera. 

The immediate objective la to provide a computer for simu­

lating in deta i l the f l ight of a ircraft on a real time goal*. 

As the term la uaed here, almulatlon la the eubetltutlon 

of a computational proceaa for some real physical procois 

In f l ight almulatlon, a computational proceae that aolvea 

equations describing the f l i gh t of an airplane la substituted 

for the real . l i g h t of the airplane. 

Simulation const i tutes a means for se t t ing up In the 

laboratory a working model of a complex process- Thla working 

model la a means for studying the behavior of the proceaa, 

developing equipment for control l ing tfce prooees and training 

human operatore to control the process 

Two phaeee exlat in nearly a l l almulatlon problema — the 

atudy of human react ions, and the representation of a physical 

system- In aircraft simulation for example, primary s tress 

la on the physical airoraft representation hut evaluation la 

based on the human p i lo t reactions- In almulatora uaed for 

personnel training, on the other hand, primary stress la on 

the human element although here again the proper physical 

environment la provided by the simulator 
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Drawing A-31203 shows the elements of any simulator 

system. Captions i l lus tra te the aircraft control and 

s tabi l i ty simulator A f l ex ib le computer with complete 

generality of internal organization la programmed to execute 

the control and computation operations required for the prob 

lem Input mechanisms receive the data and control code to 

describe the problem In operation, inputs are continuously 

received through physleal-to-muaerleal converters from the 

specialised simulation setup* These Inputs provide the 

human variable of the problem. Outputs are sent to display 

units for the human operators and are also recorded for 

study and reference. 

the computer with i t s input, output, and conversion 

equipment Is the heart of the simulation system. It i s non-

speolallsed and can serve without alteration in many different 

simulation systems• The display and actuation equipment i s 

designed for tba particular simulation problem. See Seotlon 6.0 

The somputer part of the simulator i s Identical with that 

required in oontrol systems. 

3 The Control Problem 

Control corresponds in many ways to simulation. The com­

puter can be ldentloal and other physical equipment may be 

similar. In control, the oomputer Is not substituting for a 

missing part of the system but Is an active and neoessary 

part of the syotem operation. The dig i ta l oomputer ae a oon­

trol device w i l l correlate available Information on the pro­

cess being controlled, w i l l predlot according to prescribed 

rules , and wi l l actuate the desired controls and displays 

See Section 3.0 and 6-0 for discussion of oontrol and I t s 

application to a ir t r a f f i c . Industrial processes, power plants, 

and accounting., 
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Section 1-2 

* 
Tha treat computing capacity of an electronic d ig i ta l 

machine can be u t i l i s e d to control processes whose compll-

catlon la beyond tha ecope of present day analogue controllers 

These processes include those where tha amount of calculation 

required for tha correlation of information Is large or where 

tha aenaitlTlty of control met he very great, A digi tal 

computer i s also capable of providing aoourate compensation 

for non-linear closed loop systems and oan execute any 

logloal operations which are speciflad 

Where the number of controlled quantities i s largs a 

d ig i ta l computer will be l e s s expensive, smaller, and l ighter 

in weight, than equivalent analogue control lers , even when 

these la t ter can do the work. The generality and f l e x i b i l i t y 

of tha dig i ta l computer permits ready change from Job to Job 

as circumstances require The obsolesoenoe rate on d ig i ta l 

computers for control should be low since the basic computer 

Is independent of obeolescenoe of the processes and equipment 

controlled, 

t 

. 
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S e c t i o n 2»0 

Toe Whirlwind Program 

Present project work i s devoted to design and construction of 

the Whirlwind I computer,, I t s associated equipment, and I t s appli­

cation to problems of principal Interest . The Whirlwind I equip­

ment Is being designed a s a prototype of the system selected for 

us* In simulation and control However i t wi l l have capacity for 

many actual problems of Interest and for preliminary study of more 

complex problems- Particular attention i s given to engineering 

design, packaging, servicing eass, checking, and trouble location. 

Hew designs following Whirlwind I w i l l increase machine oapacity and 

reduce physical s i c e . 

The moot Important mathematical problems are being formulated 

and coded- Block diagrams of the Whirlwind I oomputer are nearly 

completed Eleotroetat io storage tubes wi l l be constructed at the 

Ssrvonschanlsma Laboratory. An alroraft cockpit oomplete with 

indicating instruments and oontrol force loading servos I s being 

de signed • 

Sylvanla Electric Products, Ino- t I s designing parts of 

Whirlwind I and w i l l construct most of the system. 

Photographic Input and output equipment wi l l come from the 

Eastman Kodak Company. 

Over 40 staff members are engaged in Projeot Whirlwind work 

at M.I.T. To house th ie aot lv i ty , M.I.T. has recently purchased 

the Bart* Building on Massachusetts Avenue to permit expansion of 

the Servomeohanlsms Laboratory f a c i l i t i e s « Section 10 0 treats 

personnel and f a c i l i t i e s in de ta i l -

Training of new personnel in the design and uee of computers 

i s an essent ia l part of the program.. Training and aoadamio work 

are ditoussed In Section 8.0 
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Section 2«1 

A lonn-range viewpoint baa been adopted, and stress has 

been la id on obtaining the proper components for a computing 

naohine of high performance and maximum r e l i a b i l i t y , A para l l e l -

d ig i t transmission system rather than a aerial ay stem hat been 

adopted as Boat satisfactory for the Whirlwind requirement«. 

Likewise, the system l a being designed around e l ec tros ta t i c storage 

tubes of new design rather than the l e s s suitable storage oo» 

ponents already in existence. 

Magnetlo intermediate storage as an erasable Medina may be 

required in oertaln future applications of the Whirlwind ayotea 

Magnetlo studiss are being conducted ae part of the program, and 

equipment developed a t other computer research center a oan be 

u t i l i s e d in future applications' 

The Whirlwind I computer w i l l be followed by Whirlwind I I , 

plans for which are not fu l ly established. The Whirlwind II com­

puter has been tentat ively referred to aa having » register length 

of 40 binary digl ta and a atorage oapaclty of 640,000 binary digits. . 

These tentative specif loations wi l l be revised to f i t the problem* 

of greatest interest before f inal dselgn I s undertaken- the nore 

pressing problems in simulation and oontrol lndloate a machine with 

a shorter reg is ter length than or ig inal ly planned. The next design 

following Whirlwind I i s expeoted to have a regleter length longer 

than 16 d i g i t s of Whirlwind I , and equivalent or higher computing 

spsed. In physical form i t w i l l bs much more eompaot and may to* 

ssml-mobllt. 

2.1 Bevlev of Preliminary Investigations 

The evolution of the Whirlwind Program is i l lus trated In 

Brewing A-31192 The contract was undertaken in Dsoembsr 1944 

for the development of aa aircraft s t a b i l i t y and oontrol analyzer 

based on analogue computing equipment. Thle work Is reviewed In 
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Volume 3, Summary Report No •, 1 Approximately nine month* of 

study demonstrated that analogue computation vaa unaultad to 

the aircraft simulation problem. Sufficient analogue computing 

equipment for solution of the aircraft equation* could not bo 

assembled Into one working u n i t . The required non-linear 

functions of several variables proved especial ly d i f f i c u l t to 

organize on an analogue computing basis . 

In the f a l l of 1945 d i g i t a l computation was recognised at 

the only probable solution to large-scale simulation problems 

Discussion with Dr, H. E. Ooldstlue, than with Army Ordnance. 

and with Dr John von Hermann of the Institute for Advanced 

Study were especial ly helpful at th i s period of Frojaot Whirlwind 

development. By April 1946 It was concluded that the aircraft 
j 

s tab i l i ty and control analyzer could he handled by d ig i ta l com­
putation. 

During the course of the d i g i t a l computer studies the a ir ­

craft simulation problem wae Investigated by membere of the 

Serve mechanisms Laboratory the Aeronautical Engineering Depart* 

ment, and the Mathematics Department of N . I . I . 

The numerical ranges of variable a in the aircraft problem 

were Investigated and are reported i n Volume 14, B-49 . The re­

sult! of t h i s work formed the basis of a aoale factor study In 

reducing the aircraft simulation to d ig i ta l computing machine 

terms c An actual airplane model waa tested In the Wright 

Brothers Wind Tunnel to obtain the data neoessary for complete 

aircraft simulation The wind tunnel data required Is much more 

extorsive than normally taken In engineering studies of aircraft 

models- The resu l t s of these wind tunnel studies for the particu­

lar model under tes t are given In Volume 14, B-98 The equations 

of motion selected to represent an airplane are given In the 

appendix to Volume 3 and In Volume 1 4 . The equations Include 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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Section 2=1 

•any funotlona of several variables to be measured by wind 

tunnel testa,, 

The ooopleta sat of f l ight aquations for aircraft ilmu 

lat lon vara oodad In the tarns required for a ser ia l type d ig i ta l 

computer This coding Is sumaartied In Volume 14, C-15, and 

formed the basis for establishing required ntoraga oapaclty and 

computing speed In a dig i ta l machine. I t was found that a 

multiplication time of 60 microseconds or l a s s , lnoludlng 

transfers, would be required. To permit suffloiently rapid 

aooass to stored data, the function tables for presenting 

the aircraft aust be stored In the high-speed Internal memory. 

A storage capacity of at least 10,000 aunbers of about 30 

binary d ig i t s each Is required to contain both the I n i t i a l 

data and the controlling program 

A seria l type d ig i ta l ooaputer was f i r s t considered and 

was discarded in faror of a parallel aachlne. A comparison 

of paral le l and aerial machines wi l l be found In the following 

seotloa. 

selection of digi tal computation for the aircraft simu­

lat ion problem opened up vast new f ie lds of application for 

the equipment under development. These night be dlvidad lntoi 

A. Simulation 

B Control 

0. Calculation 

The applications to simulation and to control are of 

principal Interest to Project Whirlwind However, a natural 

by-product of the equipment necessary In these two f i e l d s Is 

ths* oomputlng equipment required for calculation in engineering, 

solenoe, and economics. 
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Simulation la distinguished from otier applications of 

computers primarily by the praaenca of haman beings In the 

process being studied, and hy the necess i ty for a r e a l t i m e 

ecr.lc of the solution These two overlapping aspects of 

almulatlon can he divided into (1) human response atudiea 

and (2) studlet on physical systems. Slaulation emhodiea both 

the human and physical elements In vary! ig legrees A mi l i ­

tary taot lcal or combat simulator might be primarily con­

cerned with command functlona and the training and evaluation 

of peraona responsible for decis ions, l i e original problem 

of aircraft almulatlon mnat on the other hand stress tha be­

havior and rea l i ty of the aircraft aa physical equipment* 

Tha f i e ld of control l a a broad one, lnoludlng auoh dl-

veree applications aa a i r t ra f f l o , ohamloal processes, mi l i ­

tary equipment, power stat ions, and f i s c il control or accounting 

Aa Indicated in the figure, moat practlc il problems involve a 

combination of eeveral of these divialoni-

The greatest long-rang* contribution of computing equip­

ment may be In the f i e l d of calculation e lat ing to engineering 

and to the phyeloal and social sciences Tha greatest amount 

of equipment will., however, find i t s way Into the almulatlon 

and control functions 

A prototype la oonaldared naoeaaary for i n i t i a l design and 

application studies of a paral le l type computer, Aa with moat 

d ig i ta l computara, a small maohine la impractical to build 

Once a satisfactory control system has bnen establ ished, at 

least half of the equipment necessary far a useful computer la 

In existence. The Whirlwind I system ha 1 been designed as a 

coaprsmlae between a small computer for itudy purposes and a 

large machine for handling problems of iiimecMate inter*at . A 
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•mall machine of the p a r a l l e l type means a short number r e g i s ­

t e r l e n g t h . The r e g i s t e r l e n g t h of Whirlwind I was s e l e c t e d 

to give a satisfactory order length for controll ing the deaired 

amount of storage and for providing a satisfactory number of 

oontrol operations. The number or word length l e 16 binary 

d ig i t e , making possible the oontrol of 2,046 storage regis ters 

of 16 binary d ig i te each and malting available 32 control orders-

Whirlwind I wi l l lnoorporate more Internal storage than any 

exist ing computer. I t s storage capacity and speed are sat i s ­

factory for i n i t i a l studies in most simulation and control 

problems, tor the uee of Whirlwind I in the study of aircraft 

simulation bee Volume 14, M-148 and M-65 for the relationship 

of Whirlwind I to a i r traff ic control, see Section 6.1 In th i s 

volume. Studies to date lndloate that a high-speed computer 

of thi Whirlwind type with somewhat greater etorage capacity 

and rsgleter length than Whirlwind X w i l l probably be best 

suited to most simulation and oontrol problems. Because thest 

mechiaes oan be operated with multiple-length numbers for nigs. 

precision, they wil l likewise meet most computation require™ i* e 

Paral le l versus Serial Computer 

.in extensive study of ser ia l computing systems was made 

before selecting a paral le l system for Project Whirlwind. Soar 

of tho results of this serial study are outlined in Volume 7, 

."£-24 The serial machine oonsldered used a three-address oods 

in order to obtain higher operating speed Multiple-address 

codes are l e s s ineff ic ient than a single address code and are 

oonsldered undesirable. To obtain the required computing 

speedi for the Whirlwind problems, the machine on a serial bai l s 

becawi much too complicated. 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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A heavy computing load ex i s t s In uoarly g'.l simulation 

and oontrol problems being considered Where a computing load 

•ttff-'.olent to occupy the t ine of a high-speed paral le l machine 

e x i s t s , It oan be ahown that the paral le l computer usee I t s 

c ircuit component* more e f f i c i ent ly than the serial system. 

In any practical machine, the paral le l computer i s 

larger in physical size than the ser ia l . However, as shown 

below, the computing capacity per unit of circuit components 

i s muoh higher in the parallel then in the ssr ia l machine-

Although larger, the parallel machine i s actually no more 

ooapXex in organization and arrangement than the serial 

machine, since both must have a control capable of oarrylng 

out the same types of operations. The serial machine tends 

to bo composed of many different types of electronlo c ircu i t s 

whnroat the additional size of the paral le l machine requires 

only duplicating c ircuits , especial ly in the arithmetic element 

Xfflolenoy in the serial maohlne i s low because circuit 

components oan be used only a small fraction of the time. 

During muoh of the operating time, c ircui t components in a 

serial maohlne using delay typo storage are inactive while 

waiting for stored quantities to become available a t the out­

put of the delay un i t s . Efficiency i s further reduced in the 

ser ia l maohlne because the rather oomplex oontrol equipment 

oapable of carrying out high-speed operations i s Inherently 

limited in i t s speed by the aseooiated storage and arithmetic 

un i t s . * 

The following tabulation Is set up for a computer typloal 

of those which may follow Whirlwind I for many simulation and 

oontrol problems. Two thousand storage registers of 20 binary 

d ig i t s each have been seleoted for discussion, estimates for 
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tube* In the parallel system are obtained from the f igures in 

Volume 16, H-122 Tv«nty-five percent, has been added to thoe* 

tube used in parte of the syaten which would he increased 

from 16 to 20 unite* The vacuum-tube f l ip - f lop and toggle-

svltch storage inserted in Whirl* lnd I for teat purpose a 

have been omitted- Neither the paral le l nor ser ia l estimate 

includes input and output equipment, elnoe type and number 

might be special to the particular application and would be 

ussc. at ooayarsble e f f i c i enc i e s in the two machines. In 

somi c lasses of problems, the paral le l computer oan control 

and e f fec t ive ly us* a larger number of input and output unit* 

than oan the serial computer £etlmates for the s e r i a l system 

are based on the beet available information, and are approxi­

mately oorraot. 

Tubes in Control including 
Storage Switching 

Tubes in Arithmetic Element 

Tubes in Storage System 

Total Tubes not including 
Input and Output 

Multiplications par second 

Multiplication per second 
per Tube 

Parallel 

1100 

1300 

600 

2900 

20 000 

6.9 

Serial 
(Estimate e) 

500 

300 

400 

1200 

1200 

1.0 

Efficiency Batlo *> **£$$ . - i * L 
Serial 1 
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I t w i l l be seen from thaaa figures that wtiore a suf f l -

olant computing load e x i s t s , the paral le l system shows 

approximately a 7 to 1 advantage oyer a serial system In 

capacity per vacuus ti;be Since the type* of c i rcu i t s are 

similar in either oase, the nuaber of tubes oan be taken ae 

a reasonable basis for comparing to ta l o s t 

Other ssoondary advantages accrue to the parallel machine-. 

The design oan bs readily extended to more dig i t s per word 

because timing and control does not depend on word length as 

In eupersonio and magnetlo drum storage of the delay type 

The register length can be lnoreaeed by simply adding equip­

ment for the extra d ig i t columns High speed i s obtained 

while s t i l l maintaining the ser ia l or stop-by-step programming 

sequence. This, along with the single—address cods, s implif ies 

problem setup and coding. The simultaneous avai labi l i ty cf the 

setup and coding. The simultaneous ava i lab i l i ty of the sign 

dig i t and the entire numerical value of a number Is advantageoun 

In reducing computing time for certain operations. Tor trouble-

locatlon purposes, the paral le l computer can be more readily 

operated on a pulse-by-pulse basis from a push button control 

Opsratlon of the computer below a oertaln maximum speed la 

independent of repeti t ion rata, and cloae temperature oontrol 

i s not necessary as with mercury delay l i n e s . 
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Section 3.-1 

3.0 Whirlwind X 

Whirlwind I la a prototype computer 'being constructed to tes t 

the engineering principles of the Whirlwind System and for research 

Into computer application*. In Whirlwind I w i l l be tested the re­

sul ts of the research and engineering design reported in Volumes 3 

through 19. A general description of Whirlwind I follows In the 

nest section, Block diagrams for the arithmetic and control unite 

are oompleta In Volume a 5 and 6. Detailed block diagrams on input 

and output and on storage are not Included in Volumea 5 and 6 hut 

are outlined In Volume 7. 

2"uncti.ons In Whirlwind I have been so divided that research 

and development of the arlthmetlo and control units can be entirely 

independent of the high-apeed etorage. More rapid progress l e 

possible v-here the groupa working on theaa two divisions oan operate 

without continuous and detai led coordination, 

Sylvauia Electric Product a, Inc. , In Boston la contributing to 

the final engineering and the construction of Whirlwind I to the 

maximum of It a a b i l i t y . The Eastman Kodak Company l e developing 

the photographic input and output devloes which wi l l be used. 

Drawing B-31202 la an approximate time schedule for the Whirl-, 

wind I system. It does not Include general a c t i v i t i e s such as mathe­

matical and coding atudlea, or research which i s not a necessary part 

of Whirlwind I . Electronic assemblies aro expected by the summer of 

1948, storage tubea asi c i r c u i t s by f a l l , and complete system oper­

ation by about January 1949. See Seotlon 4.1 for experience to date 

with a 5-dlgit arlthmetlo element. 

3.1 Description of Whirlwind I 

Whirlwind I la an electronic computer using paral le l binary 

d ig i t transmission., To make problem coding eaay, operations are 
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Section 3.1 

performed one at a time In serial order, I'or simplicity and 

storage economy, a single-address code i s used. In general 

the code describes in I t s two sections the storage register 

location and the control operation to be performed. An 

exception Is made in shif t ing, where the register section of 

the order Indicates the number of posit ions to be shifted. 

A register length i s 16 binary d i g i t s , and the computer 

wi l l hare a storage capacity of 3,048 regis ters . 

Operating time for the different control orders does not 

vary greatly. I t i s primarily set by the storage extraction 

time, the necessary transfers, and the transfer check sequence. 

A complete multiplication including a l l transfers wi l l require 

about SO microseconds. Future designs should require l e s s tin* 

even though register lengths wil l be longer. Whirlwind I does 

not compute while e lectrostat ic storage i s being set up; th i s 

overlapping may be incorporated In future l e s l g a s . 

The 16-dlglt length i s satisfactory for many simulation 

and control problems. Three special orders aro provided for 

convenience In the use of multlpln-length numbers. These 

special orders aro described brief ly in Volume 7, M-137, The 

sequence of operations to be executed by any one of theoe 

orders Is optional and ctn be selected by the operator for each 

Individual problem. They can for example be used for double 

or t r ip le length operations of addition, subtraction, and 

multiplication. On the other hand, they might be used for ex­

traction of roots, carrying out Interpolation sequences, 

Integration, or performing matrix operations. They are 

essent ia l ly special program orders requiring loss than the 

usual number of steps by the operator. 

numerical input and output wi l l be from 35-mm photographic 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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film. Graphical output plotted both ae functions against reel 

time and as one variable plotted against another wi l l be pro 

Tided, fami l ies of curves can be traced and pnotographloally 

recorded. Important In simulation problems Is the ab i l i t y to 

accept inputs from physical measurements oud to control special 

output indicators and servomechanlsms. Conversion equipment 

wi l l be provided for converting shaft posit ions and e leotr loal 

signals to binary numbers. On the output, binary quantities 

wi l l be converted to instrument indications, oathode ray tube 

deflect ions, and control voltages. 

Thirty-two control orders are available. Many of these 

are discussed In d e t a i l In the Block Diagrams, Volumes 5 and 

6. Additional ones are discussed In Volume 7, M-1OT. The re­

maining orders are available for assignment in the future as 

required. The system I s so dsslgned that special orders can 

be readily added ae noeded. 

Design of the computing c ircui ts stresses r e l i a b i l i t y 

and the widest operating margins consistent with the required 

performance. Kven though operation i s possible down to zero 

pulse-repet i t ion rate, direct-current coupling between vaouuu 

tube stages has been v ir tual ly eliminated-. Wider component 

tolerencos and better r e l i a b i l i t y result from the a-c coupled 

stages. This idea, referred to as restorer-pulse operation. 

I s a most important advance in computing olroult design. I t 

i s discussed in Seotlon 4.34 and Volume 15. 

Whirlwind I In being designed for maximum access td 

electronic c i r c u i t s . As discussed In Volume 13, M-147, com­

ponents are l a i d out and assembled on f la t panels. The panels 

are similar to those of the 5-dlgit multiplier, photograph 

FB-266, Seotlon 4 . 0 , Units wil l be housed in oablnets as 

shown in the i l l u s t r a t i o n . Cabinets wi l l be arranged as 

shown in the Drawing 3-31016, which i s further discussed 
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In Volume 13, E-68. The computer I s so arranged that a l l 

c i rcu i t s are available for test ing while In operation. About 

1,600 square feet of floor space w i l l be occupied by 

Whirlwind I . The same components arranged Into the design 

being proposed for Whirlwind II would be l e t s accessible but 

would occupy much l e s s space. Both areas are exclusive of 

power supplies and cooling equipment. 

About 3,500 vacuum tubes wi l l be used In Whirlwind I , 

Volume 16, M-132, tabulates these by function. About 900 

tubes are used in tes t storage to f a c i l i t a t e the design and 

Instal lat ion of Whirlwind I, Test storage would probably 

not be used in future machines. The control desk for 

Whirlwind l i s I l lustrated in Drawing A-31083. Detailed de­

sign i s not yet done. Hoet of the switches and indicators are 

for checking and trouble location, which wil l be discussed in 

Section 5.0. A ten-key decimal-Input keyboard i s I l lustrated 

as part of the operator's console, and a close-up I s shown in 

Drawing A-31188. Some applications may require a keyboard of 

typewriter or teletype style through which coded alphabetical 

Information can be handled. Both numbers and orders wi l l be 

Inserted through the same keyboard. An order button i s used 

to Indicate that the succeeding decimal d ig i t s mist be coded 

into two groups, one ibr the register location and one for 

the operation order. Identif icat ion symbols for orders wi l l 

be changed from the present alphabetic notation to decimal 

notation, or the alphabetic cods for orders wi l l be selected 

so that i t can be put on the keyboard along with the decimal 

d i g i t s . 

3 .2 Description of Arithmetic Slement 

Whirlwind I uses a high-speed paral le l -d ig i t pulse-type 

arithmetic element. A complete discussion of th i s arithmetic 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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element can be found in the Block Diagram llgport, R-137, 

Volumes 5 and 6. 

The arithmetic element consists bas ical ly of an 

accumulator capable of adding binary numbers* Associated 

with th i s accumulator are fcvo additional registers used for 

the temporary storage and manipulation of numbers Involved in 

other arithmetic operations. A counter, control gate tubes, 

and control f l ip - f lops are also part of the arithmetic element. 

iiach stage of the accumulator consists of two f l ip - f l ops , 

one acting as a binary counter for forming the addition end 

the second acting as a temporary storage position for the 

carry. The accumulator works in a step-by-etep fashion. If e. 

binary number or ig inal ly resides in the accumulator and a 

second number,held in one of the other registers of the 

arithmetic element, I s added into the occ-raulator, the sum wi l l 

be formed by the adder f l ip - f l ops . The carries , i f any, wi l l 

be stored in the carry f l ip - f lops . This action I s paral le led 

In a l l d ig i t columns and i s accomplished by a single control 

puloe from the main control of the computer. A second step ir 

required to perform the oarry before the f inal sum appears in 

ths accumulator. A hi^h-speed oarry ey ".em i s provided !n the 

accumulator for performing the entire carry In one s tep. 

The accumulator i s also used for performing the other 

arithmetic operations. Subtraction i s performed by ths use oi 

complements, multiplication by successive additions, and 

division by successive subtractions. The mult ipl icat ion oper­

ation consists of the repetit ion of three successive steps. 

The f i r s t step adds tho multiplicand to the part ia l product 

according to the selected d ig i t of the multipl ier. The neconr 

step sh i f t s the part ial product in order to align i t properly 

with the multiplicand. The third step performs a carry on thr 
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partial product. To speed up the multiplication operation lb 

Whirlwind I , these la s t two steps are combined. A anal! 

matrix switch in each dig i t column performs both the shift and 

the carry In one step. Details of this method wil l be -found 

In Volume 6. Time la saved by omitting the addition operation 

% I f the multiplier d ig i t Is zero. A further speed Increase Is 

obtained by supplying the arithmetic element with clock pulses 

at a higher repetit ion rate than to the remainder of the 

computer. The use of high-speed carry in addition, and the 

use of higher repeti t ion frequenole* and combined operations 

In multiplication, result La arithmetic element operation 

times which are comparable co aooess times of the e l ec tros ta t i c 

storage being developed for Whirlwind I . 

The characterist ics of the arithmetic element nay be 

summarised as follows; 

1 . para l le l -d ig i t type 

2 . pulse-type accumulator 

3 . high-speed jarry 

4. combined shift and carry for multiplication 

5. higher repetit ion frequency for the 

multiplication operation 

The step-by-step or pulse-type sccumlator has been 

selected rather than the balancing or current-adding type of 

accumulator. The pulse type I s considered more re l iable , fact r, 

and more amenable to trouble location because operations occur 

one at a time In response to controllable impulses. 

3.3 Description of Storage 

Electrostatic tubes have been chosen for tha Whirlwind 

computer high-speed Internal a to rage. They w i l l give Immediate 

access to stored numbers, are suitable for a paral le l type 

computer, and can be developed on a time schedule abreast of 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



. 

- 21 -

CONFIDENTIAL 

Section 3.3 

the other computer components. 

Tubes are the deflection type using the high-velocity 

beam of a single cathode ray gun for reading and writing. 

Both plus and minus signals are read out of the tube, 

corresponding to the d i g i t s 0 and 1. Better r e l i a b i l i t y Is 

thus obtained than from a storage system using the presence 

and absenoe of signals as an indloator. 

A brief explanation of the tube i s reproduced here from 

Volume 9, M-130. An elementary electrode arrangement with­

out holding gun I s I l lustrated in Drawing A-30892. For 

simplicity the explanation Is made In terms of }.nput switching 

on the signal grid. Actually, changing the potential of th i s 

grid wi l l affeot the deflection sens i t iv i ty of the tube and la 

practice the grid in front of the surface i s grounded and 

•witching as well as output signals are taken through the 

signal p la te . Deflection p lates posi t ion the electron beam, 

prior to i t s being turned on, to the point on the d ie lec tr ic 

surface at whloh writing or reading i s to take place. 

The d ig i t s 1 and 0 are written as pos i t ive ly and nega­

t ive ly charged areas on the dieleotrlo surface at the point o: 

beam Impact. The dlelectrlo surface must have a secondary 

emission ratio greater than unity. (A ratio of two or more 1;. 

desired.) To write the d ig i t 1, the signal grid i s made 

posit ive to co l l ec t secondary electrons from the d ie l ec tr i c , 

resulting In a posit ive surface. This pos i t ive charging i s 

accomplished by col lect ing the excess secondary electrons 

above the number in the high-velocity beam. To write the dig: t 

0, the signal grid Is made negative, no electrons are col leot id , 

and the surface charges negatively at the rata permitted by 

ourrent flow In the primary beam. Secondary emission Is not i 

neoessary factor In negative charging. 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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Reading of signals l a accomplished by positioning the 

signal grid voltage midway between the two writing volta;ee 

and discharging the d le lectr lo pos i t ive ly or negatively 

toward t h i s voltage. The output signal appears at the signal 

plate by capacltlve coupling through the d i e l ec tr i c . 

Rewriting w i l l probably be Incorporated aa part of the readln,* 

operation, to re-establish the stored signal at ful l magnltudi. 

Permanence of the stored signal la insured by the re­

generative action of a flood of low-energy electrons operating 

on a principle which was used In the B.C.A. Selectron tube, 

some German tubes, and the H.R.L. radar atorage tube. 

Drawing A-30885 shows how the self-sustaining effect I s obtained 

from the holding gun. A pos i t ive area and a negative area ar > 

shown on the d i e l ec t r i c . The holding gun l a at about the salt 

potential as the negative areas and the signal grid l a at about 

the potential of the posit ive arses. Consider the pos i t ive 

area: secondary electrons are emitted and a number Just equal 

to those In the primary beam are col lected by the signal grid. 

The other secondary electrons return to the die leotr lc surface. 

If the surface should tend to become more pos i t ive , additions 

secondaries are pulled back to reduce the pos i t ive cnarge, 

while i f the surface should tend to becone leas pos i t ive , mora 

secondaries w i l l be repelled to the signal grid to return the 

dielactrlo to i t s original point of s tab i l i t y . Consider the 

negative area: the area la approximately at holding-gun 

potential , and primary eleotrona, i f they strike at a l l , w i l l 

have low ve loc i t i e s and w i l l emit few secondary electrons. If 

the surface becomes more negative, a l l primary electrons wi l l 

be reflected and ohmlc leakage wi l l reduce the charge to the 

balance point, while If the surface becomes lesa negative, 

electrons from the primary beam wi l l be collected to return tan 

surface to the stable negative potent ial . 
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Figure B-30883 I l lus tra tes a possible physical form of 

the f inal tube combining the high-velocity and holding electron 

aouroes. See Volume 9, M-130, for additional discussion. 

The present storage tube status Is Intermediate between 

the research and the development phases. Operating principle 

have been sa t i s fac tor i ly demonstrated In the researoh labora­

tory. Results to date indicate that the storage tube wi l l 

meet the following requirements which were outlined at the 

Harvard Computing Synposlum In January 1947. (Volume 9, H-110): 

1 . High transfer speeds of 6 to 8 microseconds 

between transmission of a control order and 

the storage or reading of a signal. 

2 . Unique storage of both seros and ones as out­

put signals of opposite polarity to provide 

greater r e l i a b i l i t y . 

3 . The inherent ab i l i t y to read out a ohecklng 

signal during storage of a number to Indicate 

proper operation* 

4 . A high signal-to-nolse rat io . 

5. A high density of stored signals to permit 

a 32-by-32 mosaic of stored numbers. 

6. A simple mechanical design which can be 

readily produced In quantity. 

In addition to the high-speed e lectrostat ic storage, 

Whirlwind I w i l l be equipped with a bank of tes t storage* 

While expensive of vacuum tubes, th i s teat storage wi l l f a c i l i ­

tate the Insta l lat ion and test ing of the f i r s t Whirlwind 

oomputer. After Whirlwind I Is oporating sat i s factor i ly , this 

test storage wi l l be used for the otorage of check problems. 

I"uture Whirlwind computers will rirobubly not include the •qnl^ft-

lent of tes t storage. The t e s t storage made up of vacuum tubos 
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and toggle swltohea la dlaoaaaed In the Block Diagram Report, 

Volumes 5 and 6. 

3.4 Description of Central Control 

A complete description of the Whirlwind I control w i l l 

be found In the Block Diagram Report, R-127, In Volumes S 

and 6 of this report. 

Since Whirlwind I attains I t s high operation speeds 

through the use of paral le l channels, I t s operating sequence 

has been kept extremely simple, resulting In a re la t ive ly 

simple control. A single-address code has been adopted, and 

the oontrol has bean designed to be as f lex ible as poss ib le . 

The control I s capable of extension and ready modification 

both In changing exist ing orders and in adding new ones. 

The oontrol consists of the following elements: 

1. Master clock 

The computer can be run non-synchronously but 

for computing efficiency lu run at I t s 

highest practicable rate In synchronism with 

a crystal-controlled cloak-pulse generator. 

The master clock also generates high frequency 

dock pulses synchronized with the normal 

frequency for use In the high-speed parts of 

the arithmetic element. 

2 . Sight-way time-pulse distributor 

This distributor produces time pulses In time 

sequence on eight different lines* These t ins 

pulses are distributed through connection 

matrices to the elements of the computer. 

3. Operation switch 

This svltoh i s set by the operation code 
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section of the order to select the 

operation to he performed. The outputs of 

this switch are sent to a crystal matrix 

which controls the distribution of the time 

pulses to the elements of the computer. 

4. Program counter 

The oomputer uses a single-address code and 

takes orders In numerical sequence from the 

storage unless directed to do otherwise. The 

program counter keeps track of the posit ion In 

storage of the next order to be performed. 

5. Program register 

The program register I s used for the temporary 

storage of orders after their extraction from 

storage and before they are sent to the control 

switches. 

Enough spare equipment I s being provided in the connection 

matrices associated with the time-pulse distributor and 

operation swltoh to allow the addition of new orders at a lat >r 

time If desired. 

3 .5 Description of Input and Output Devices 

The Whirlwind I computer wi l l uss photographic film as I t a 

input and output medlua for coded data. Other Inputs are fron 

direct conversion of physical quantities to d ig i ta l values. 

The Eastman Kodak Company i s developing readers and 

recorders for the storage and use of binary data on 35-mm fi; 

This work Is being carried on in close collaboration with 

H.I.T., although under a separate contract with the Special 

Devices Center. The Eastman Kodak Company Is also developing 

automatic film developers for processing the 35-mm film. A 
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report of th i s work wi l l be found In the Eastman Kodak 

Progress Heport Ho. 1 In Volume 11 of th i s report. 

Eastman I s developing a single design for multiple 

purpose explication. It wi l l be urod for manual tran­

scription, film copying and editing, computer Input, 

computer output, transcription to typewriter, and external 

data recording as for guided missi le t e s t rangeB. 

The Information i s stored on the film In the form of 

opaque and transparent spots. There are 50 channels across 

the width of the film with about 100 l i n e s per inch of film 

length. Both numbers and their complements are stored as a 

checking procedure. A cathode ray fcube Is used for scanning 

the film in both reading and recording. In reading, the 

beam Is swept across the l ines In enquence, a photocell behind 

the film picking up the Information.. In recording, the bean 

Is swept behind a mask with deflection voltages applied to 

deflect the beam to either the number or the complement l ine 

depending upon whether the number stored i s a cue or a zero. 

Digits are supplied to the recorder and received from the 

reader at approximately a 500 ki locycle rate during the 

writing sweep. The equipment can be arranged to store either 

50-diglt Information requiring tvo Mnes for botn number and 

complement or 25-dlgit Information requiring but one l ine for 

both number and complement. The actual operation of writing 

or reading requires about 100 microseconds In the f i r s t case 

and 50 microseconds in the second. The film drive I s clutoh 

controlled. The film may be read or exposed at as slow a 

linear speed as desired, but the system i s being designed for 

a maximum speed of about 1,000 numbers per second. Designed 

film capacity la 400 feat, although space I s being provided 

for l.OOC-foot magaeiaes. A 400-foot ro l l of 35-mm film wi l l 

store 12,000,000 binary d i g i t s of Information. 
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Tho H.I.T. 5e;:'7omechanls!iB Laboratory la developing Mm 

keyboard's and decimal-to-binary converters to Ve ueeel for 

film preparation, aid also tiio regiutars end control equip­

ment nooded to SOBnect ':•'.• > Bantmrn rendor-renoiderB to 

Whirlwind computer. It w i l l not be neseaeary for tho maahlne 

operators to use other than decimal natation, Conversions 

wi l l bo perfor.iiad jiatcmatically *»t the keyboards In the 3a*e 

of data So Da snterad Into the mcch'.ne and either in tho 

computer l t 3 e l f or at tlw ou;\>ut printer for nvmerlcnl in ­

formation extraste i from the inchini. 

In simulation applications i t ia neo»asary that eii.ilo 

information such as shaft posit ions or o leotr lcal matpi';ji 

ba converted to auawrloal quantities fjr use ojr ths nachine. 

Numerical outputs of the computer must be converted back to 

analogue quantition. These devices ara beinp developed. Sows 

are described In Volumes 11 and 12 and in Section 4 .4 , 

Volume 1 . 

3.6 Aircraft Cockpit Slaolatloa 

Bio cockpit la that part of tho aircraft timula^or which 

( l ) converts tha p i l o t ' n reac'.iors to e lec tr icr l signals 

which are trontidtted to the 3ompnt«r, (3) receives information 

f:?om the coaputsr and conveys i t to tas p i lo t i s sirmriatat 

aircraft behavior, and (3) produces ai environment uhloh wil l 

ennvey to the pi lot the i l l u s i o n that be i s air-ljorno. 

Tho simulator wi l l include a coccoit which i s ocjulp-ird 

With a l l controls, iaetrumeat-j, end otaer devices whioh would 

nozmally be fouid ia the aircraft . Configuration of these 

dovices and genarei interior ;ippearnn::a wi l l be fa i thful ly 

reproduced, since psychological as well as -Mechanical s t lcu l l 

are neceaaa:.-/ la obtaining nonnal reactions and vei l ' . 
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evjlunticn from tha p i l o t . See 7oluiie 14, B-94, by 

Dr. Holder formerly of the Maeeachunt^a Gerer.il Roapltal. 

While tho oockplt being designitcl at preaeai la not 

injendod to bo the final one for uao In the Whirlwind II 

nyiteia, I t l a neosusary to achieve simulation adequate for 

tasting the Whirlwind I eyutem and itudying tha effectlvenesii 

of simulation techniques. All p i l e , controls wi l l be active-

lh> poiltlonD and rat^a of travel of the rue'dor, e levators, 

end ailerons w i l l iM 'ua&sujMd sad transmitted to the computer, 

Values of the l'orcoa on tho oontrola w i l l be rscelved from 

thj computer and Will actuate hydre.ul.ic eervoxachanlnmi? whloli 

cp.aly the propor forces to simulate the "feel" of the t>lr~ 

craft . Similar signals w i l l be tronunltted ta aircraft 

instruments to Indicate tho aircraf'; a behavior, 

T!ie ooofcptt of the Wh.rlwlnd I simulator « i l l be raounted 

an springs ao that I t ms,y *>e vibrated to increase the I l lusion 

of f l ight - NoS.ee v i l l also be generated i n tha cockpit. 3o",h 

uolae iind vibration wi l l bn control LaA by f l l ga t conditions 

to add rea l i ty . 

The BQUlpnent, ssrvos and povj.- units developed in t h i s 

work can be applied to man;' other c iralat lon problenu. 
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4.0 Jesearch and Development 

This Motion treats tha g3E»rnl procedure and atcpa In davelciing 

i i l i lvind oomponcnte. Tlie work .ind etstua of apaoiflo eystoa elesux. ;s 

o l i o * in tha r*;:t tiaotlane. Ih'i material of thin aectlon la luclidod 

to ttreaa tha large aaouat of sujlnaering and laboratory roaearoh 

:ieoeeec-ry to oonvart block diagrams or design etudlee Into a functioning 

yet em* An element f ina l ly arriring In the Whirlwind syattim w i l l 

!?ave paeeed through the followin,; tan ntepsi 

1° System planning &;id block dlagran atudlea 

2- Cirouit research 

3. Clrouit derelopmsn; 

4„ Circuit design 

6 • Panel aooombly 

6,. Prototype design 

7. Syttoma teat 

8c Pinal design 

9o Pinal model test ing 

10. Pinal assembly aad u«e 

She following terleo of pho .ographe I l lustrate steps 2 through 

", vsing the arithmetic unit as un example, 

Step 1, the systems planning and block diagram research, i t 

Mlus'.rated by Volumes 5,. 6, aad 7c 

Step 2, on circuit research, le i l lustrated In JB-263. Basic 

research i s done on breadboard c ircu i t s involvlag a few vacuun tu'oon 

••id uitoolated components Th» nircult l e evaluated for potential 

usefulness and a study In made oj" component tolerance* and c ircu i t 

lnhavlor under laboratory tes t oondltionc-

Step 3 ia shown in 31B-246. Here la an oarly version of the 

E.:lt>unetlc element showing the high-speed (ihi;'t-ar.d-carry matrix , 

laid out in a physical form slni].ar to that used for matrix svltchee. 
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lnt< rconnection problems are studied. The loading of vacuum tubes 

due to (succeeding non-linear grid Input Impedances la investigated. 

Taste are made on varying pules repetit ion rates and Information i s 

obttlnod on the operating toltranoea of olrcult s° 

Step 4 i s a f i r s t engineering design Il lustrated in ?B-264» 

Bert la the component sub-assembly for a high-speed f l ip - f lop com­

plete with Input trigger clror.it , output buffer amplifiers, and noo 

ind: cater l i gh t s with associated driving triodes. This unit Is the 

result of many drafting room end engineering lcyoats to arrange 

olrcult components for easy access ib i l i ty and short lead wires° 

Prli ary attention must be given to reduoing capacitances and the 

lengths of video c ircuit wires. Oomponentc are installed on terminal 

boards for easy production and so that they may be individually re-

covfd for -repair.. 

Step 6 l e the assembly of several of the previous circuit stag: a 

lntc the panel assembly unit of FB-262. Here i s I l lustrated the f i r s t 

-ppi ox .ration to a f inal design. Although a system might be as ­

sembled with elements at this stage of development; re l iab i l i ty and 

east of manufacture and maintenance usually indicate that additional 

redesigns should he made* This panel aesombly of the arithmetic 

slement was tested for high-speed operation Including the operation 

of Input gates and output buffer amplifiers. The high-speed 

ehllt-and-oarry matrix of FB-24B has now taken the form of the 

double square in tho upper central portion, Further studies are 

conducted on olrcult oomponent tolerances and the problems whloh 

save arisen due to the rearrangement of component's In the preoedlng 

ieslgn step. 

Step 6 oorreots the troublesome features of the pansl assembly, 

Chit prototype design shown in T3-267 was built in multiple for 

small-soale systems t e s t s . 
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Step 7, the email-scale nynteme test ing, la shown as tha com 

plate 5-atage arithmetic unit of 7B-265. Five stages of the arith­

metic unit and a manual control for multiplication are l l l ae tra ted . 

Here problems In cabling with associated attenuation and pulse re­

f lect ions can be studied. Bus drivers for coaxial l i n e can be 

system* tested for the f i r s t time, and the use of coaxial 11ns with 

multiple driving and receiving points can be studied. Upper U n i t s 

of operation set by tube capacitances and circuit wiring can be de­

termined. The computing elementa are driven by actual signal aourcos, 

not by the laboratory test oqulpment previously used The clrcuita 

are tested over variable and intermittent pulse repet i t ion fre­

quencies from push-button control to several megacycles. Trouble 

looatlon methoda for the final computer can be formulated. 

Small-scale systems operation Is valuable In the training of per­

sonnel. Both the Servomschaniama Laboratory staff and Sylvanla 

engineers have worked on the 6-stage multiplier to learn systoms 

.problems and test ing techniques. The value of the preceding design 

•tape i s demonstrated by tha short time to put such a new ay stem into 

operation. (See following section.) 

Step 8, the f inal design, wi l l incorporate changes fcund neoet-

tary in the small-scale systems t e s t a . For example, the components 

of the ar i thsst ic cloaca; vdil be rearranged so that the A-register, 

;he B-regletar, and the accumulator can be constructed separately. 

'..lila wil l make video oabllng more orderly and wi l l make Insta l lat ion 

iind saintenaace of the equipment easier Clrcuita w i l l be a l tered to 

use the new higher powered Sylvanla gate tubs in place of 6AS6 s 

Syatema te s t s have demonstrated that reot l f l er type power 

iiupplles are unsatisfactory for computing machine uee. Transient 

[•owe * l ine disturbances can feud through these supplies and trigger 

computing c ircui t elements. Whirlwind I w i l l bo fed from motor-generator 

Mta« 
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Modala of the f inal design at atap 9 can he teated In the 

•mall-scale systems setup of atep 1 • 

4.1 Arithmetic Slamant Development 

Two factors were necessary 'before the f l re t c ircui t 

sohsmatlo of the arithmetic element was drawn* one, the Mock 

diagram; two, the results of research and development of the 

haalo oomponanta of the arithmetic element such as f l i p - f l o p s 

and gate tubes. The c ircui t schematic was given careful con­

sideration and during that time the a-o coupling scheme waa 

introduced. The f i r s t laboratory work on the arithmetic e l e ­

ment was dona with a breadboard layout of a single d ig i t of 

the accumulator. This Included the four-position switch, and 

the laboratory work was conducted primarily to teat the 

ehlft-and-carry operation and the a-o coupling. 

following the breadboard accumulator, a preliminary 

s lngle-dlgl t oolumn of the arithmetic element was b u i l t . 

This design gave more consideration 10 tne phyeloal arrange­

ment and quality of components than had bean given In the past 

The laboratory work dona on thla unit provided a basis for 

writing the teat specif icat ions for a 5-dlglt prototype ar i th­

metic element which has bean oonst rooted by Sylvanla. 

This prototype has only 6 digi t oolumna pins a simple con­

trol panel for performing multiplication. The B-dlglt multiplier 

provides an opportunity to oheok the performano* of a large 

assembly of smaller ooiiponenta. The smaller elements, suoh as 

f l ip - f lops , gate o lroul ts , e t c . , have been thoroughly tested as 

units to operate In a larger system, but many unforeseen d i f f i ­

cu l t i e s and problems beet solved by assembling a large number 

of elements can be studied by working with suoh a prototype. 
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The 5 -d ig i t multiplier Is being used to study the pulse shape 

and pulse delay when a pulse passes through a number of tuber 

In ser ies or when a single tube must drive the grids of a 

number of tubes connected in para l le l . Because of the non­

linear nature of the c i rcu i t s and the variable pulse-repetit ion 

frequency, a careful Investigation of a l l coupling c i r c u i t s 1s 

necessary. Another problem which can be studied with the 

6-dlg l t multiplier i s trouble location. Trouble-location tech­

niques and suitable t e s t equipment whloh wi l l be viJ.uable for 

Whirlwind I are being developed as wori progresses on the 

5-dlg l t mult ipl ier . The multiplier i s also useful for eduoatlng 

new personnel, stimulating thinking in terms of system problems, 

and as a demonstrator. When circuit studies are complete, the 

multiplier wi l l be operated ae a l i f e test unit . 

The 5-dlgl t multiplier Is shown in photograph lJ-.'i04 ecu 

plete with step counter and restorer-clock pulse distributor 

on the f i r s t rack; and manual control, restorer pulee generator, 

and master clock on the second rack. The dig i t ooluano ln-

olude a l l the c ircu i t s required in the Whirlwind I arithmetic 

element, but a simple oontrol for performing only mult ipl i ­

cation i s provided Since multiplication i s the moet compli­

cated operation required in the arithmetic element, and since 

a l l the arithmetic-element c ircui ts are Included in each 

column, a l l the problems anticipated in the Whirlwind 1 arith­

metic element may be studied In the 5-dlgl t multiplier. The 

control includes two 5-dlglt toggle-switch registers into which 

can be set the numbers to be read into the A and B reg i s t er s . 

These toggle ewltchee are directly coupled to the read-in gates 

of these r e g i s t e r s . After the A and B registers have been 

oleared by a c lear push button, a read-in push button causes 

the read-in gates of the two registers to be pulsed, and the 

numbers are transferred to the regis ters . Multiplication oan 

then be carried out either step-by-stop or automatically. 
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After the multiplication l a s been completed, a 3-stage step 

counter automatically c loses the gate tube which sends pulses 

to the B-register. Thlc counter Is reset each time the clear 

Tuen button Is depressed. The step-counter end-carry pulse lr 

also delayed and used to In i t ia te the high-iipeed carry, 

A number of problems have been uncovered by the work 

with the multiplier to date . Satisfactory nter-by-step multi­

pl icat ion hae bees achieved as well as automatic multiplication 

at pulse-i'epetltlon frequencies up to 2 megacycles. 

The time schedule for assembly and teat of the 6-stage 

multiplier Is Interesting and proves the value of careful 

engineering design. 

Tlrst multiplier chassis 
arrived from Sylvanla September 25, 1947 

Final assemblies 
delivered October 14, 1J47 

Push button operation 
functioning October 20, 1947 

Operatloa at 100 Ico 

repetit ion rate Ootober 28, 1947 

Operation at 1 sigaoycle November 13, 1947 

Operation at 2 megacycles November 14, 1947 

lurther iests v t U be made to determine the upper 

l imit of operating frequency: 

Storage Tube Development 

Work on eleotrostatlo storage tubes i s summarized l a 

Volume 9, M-159-awl H-1SO The la t ter discusses the amount 

of time devoted to basic rosearch and to development of vacuum 

- 34 -

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



. 

- 38 -
OCIFH—TlAl 

SootIon 4o2 

tuba taat equipment and construction and. laboratory techniques 

(S«a Volume 9f, H-i.6, M-56, B-130, and Volume 10r B-131, K-128, 

and H-132) . Because of ctress on basic research and on the 

fundamental behavior of the tuba oompouenta, only a few tubes 

have baan oonstxroted and tee ted . Moat of those In whloa a l l 

components of thi atoraga tuba have been Included ara of racant 

origin, The laboratory f a c i l i t i e s at H.I.T, parmlt completion 

of a new tuba wlt.ilc a few days after da alga I s completed. 

Most tuba tes t s are :iade with video test equipment under pulsad 

conditions oomjiarebli to the f inal tub6 application. Dependence 

la not plaoed on steely-state tast ing methods. For conveniens--

in construction, stoiaga tubaa have thvs far been made with 

small storage surfacis 3/4 Inch In diameter. There Is co 

reason to bejJeve thit other than norar.1 mechanical d i f f i cu l t i e s 

wi l l be encountered :n increasing toe tube nlie The available 

equipment dlacvessd n Volumes 2, 9 , 10, and 19 wi l l enasle tj» 

SarvomechanlaTs Labciatory to construe* the require*, tubes for 

Whirlwind I> SarTowohialems laboratory staff membore ara 

accepting rosponsiblMty for converting the laboratory rosultt 

to construction praotlos md for operating the tubes Is n working 

computer, A conservative program Is Usre/ore planned In which 

baslo reiv>arch information .forma a f lrn foundation for duvelop-

saint and ocnstruotlon. 

Beti.lts of some ear l ier testa are reported in Volumi 9, 

M-130. sproved resul ts hart slnea been obtained on other 

tubes. <'oofl output signal* of 0.1 volt without output pre­

amplifier have been obtalnei . Elgvrl to-noise ratio i s excellent* 

The 0.1 volt output has baei ,btalne\ in a reading time of 3 micro­

seconds;. Writing time Is longer than desired in a f inal tube. 

Writing time at present i s In the rang* of 20 to 60 mioreeeoonde, 
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hut no attempt hat yet teen made to shorten the writing t ine a 

The writing time Is predictable on the baals of physical and 

geonetrlcnl properties and can he Improved by obtaining; 

higher beam current, using a thlolcer d ie lec tr ic layer on the 

storage aueembly, and selecting a secondary emitting surface 

with a lower f i r s t oross-over voltage than has (has far been 

uaad. Many of the t e s t resul ts to date have been obtained on 

wlllemlto phosphor surfaocs. Willeaite was most readily 

available but Is notoriously poor for the purposeo The 3/4 Inch 

diameter storage surface has been usad for storing 12 d ig i t s* 

This density Is within a factor of two of f inal objeotlvatc 

Independence of adjacent stored areas has been demonstrated 

ever long periods of time, but In some tubes has not been as 

rel iable as f ina l ly desired. Some tubes have been bui l t with 

exoellent Independence of adjacent stored areas and others 

with writing times of 20 t3 40 microseconds* Bo tuba has yet 

been constructed to comblns these features-

Apparent solutions to the exist ing storage tube problem* 

are known. Considerable effort aunt yet be expended before a 

satisfactory tube Is expsctad; however, the storage tube de­

velopment program .appears to be meeting the time schedule of 

the remaining Whirlwind I :omponents. Since the Whirlwind I 

system i s indapendent of the exact storage tube character i s t i c^ 

any tubas which exhibit satisfactory r e l i a b i l i t y can be used 

i'lnal tubes meeting a l l of the goals set forth in Section 3 ,3 

are not necessary to begin work with Whirlwind I . future 

storage tuba development t i l l lnolude selection or design of 

a better high-velooity gut to give groater beam current, the 

investigation of other eacondary emitting surfaces, l i f e testi , 

on seoondary emitting surfaces, oontlnuad investigation of 

moaalo versus continuous d ie lec tr ic storage surfaces, the 
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tlevolopmei.t of a larger size tub*, and improved mechanical 

do»ign, Co Incidentally an effort wi l l be made to redun tho 

physical rlze of the tube from the presently planned 5 inch 

dianeter to a 3-lnoh diameter.. 

Deflection olroults for tho stora ;n tube* are considered 

sat i s factor i ly demonstrated on a re»aa-"oh 'basis Only ongloae^lag 

design regains to 'oe don* and no work Is at present being de­

voted to this phae) of t-.e program A demonstration system 

wi l l be set up to show high-speed rapid eeleotion by tha de-

f l ec t lon c ircuits , and wil l be usee, in conjunction with la-

proved storage tubus now being plained A reeune of tbo 

defleotlon circuit studio* lo glveu in Volume 10, K-32, £-31, 

and B-120. 

4,3 Electronic-Circuit Development 

4.31 f l ip- f lops 

The two basio elements of ths block diagrams are 

the f l ip-f lop and thp gats c ircui t , f l ip - f lop* are used 

as binary oounters, storage el:u»-it*, and gate generator• 

for the Whir .wind computers, f l ip - f lop* must have a 

•witching tliae of ipproxlnetel/ 0 1 microsecond- Develop­

ment of a re l iable , high-speed f l ip - f l op has been a task 

of prime importance in the elcict>-onlos group and wil l 

continue. The present f l ip-f lop employs two 6A07 pen­

tode* and a common cathode-bin* res i s tor . It may be 

•et to a d**:lred etate by applying a pulse to the proper 

control grid, or i t naj' be triggered by applying a pulse 

to ths cathodes - lecar.t work ban included a study of 

the factor* -.hat influence r e l l a b i l i t y , and minor change<. 

In f l ip- f lop deelga are being investigated by mean* of a 
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f l i p - f l o p l l f e - t e c t rack containing tan f l ip-f lope> 

Teu f l ip- f lops vara switching 2 s 105 t i n e s per second. 

The f i r s t run of £00 hours had a oounter on one f l ip - f lop 

to count errors, for the remaining 9 f l i p - f l o p s , an odd 

but not an even number of errors could be detected. Up 

to 237 hours there were no errors. Between 237 and 253 

hours there were at leaat 5 errors, probably due to 

power supply fai lure. Between 253 and 429 hours there 

were no failures Between 429 and 493 houra there waa 

one error From 493 to 600 there were none, 

At 500 houra, counters for the detection of errors 

were put on a l l f l l p - f l o p a , and tha method of triggering 

waa changedc A further run of 302 houra produoed no 

errors . This corresponds to 2 x lO^-2 operations without 

fa i lure from any cause, (See Volume 15, E-64 and M-133) • 

A m&eters thesis i s now in progress to invest igate a 

different type of f l i p - f l o p which may eliminate the 

need for precision componentii H i p - f l o p s are d is ­

cussed In Volume 15. 

4.32 Oete Clroulte 

The othsr baalc element of the block diagram, the 

gate c ircui t , has a l so experienced oonaiderabla develop­

ment. An evaluation of gating methods waa made early 

in tha program (see Volume 19, J:-109) A tube hevlng 

two eharp-cutoff grida l a most desirable for the whirl­

wind oomputers: the Western Electric 6AS6 pentode i s 

such a tube. However, since the SASo la a low-cv.rrent 

miniature tuos, i t haa proved inadequate for working 

Into the low-Impedance loada necessitated by very short 

pu l ses . Sylranla oas developed a new gate tube for 
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the Whirlwinl oomputera, sylvanla typa SB-1030.. This 

has a lock-l.i base end provides 40 milllanperes of 

plr.te current with tha control grid and the suppressor 

grid at cathode potential* The tuba eliminates tha 

necess i ty of driving grids positive and makea a core 

re l iable design possible• It wi l l be available in pro­

duction quantities about January 1, 1948, and wi l l have 

an BKA type lumber. Circuitn for the new tube axe 

being lnveat(.gated at present at M.X»f« with pre-production 

samples* A more dstai led treatment of gate tubet may 

be found la Volume 16. 

High-speed Switches 

High-speed multi-position switches are cal led for 

by the blook diagrams, for the time-pulse distributor 

and for the operation switch in the control, for 

se lec t ion of a desired register In storage, and for the 

shlft-and-carry operation in the arithmetic element. Ac 

evaluation of switching methods was made very early by 

the project and a raster's thesis was written on tha 

aoat promising switch, the crystal-matrix switch. The 

problem was to devulop a switch which would have a 

switching tine of a fraction of a microsecond The 

thes i s (sea Volume 17) describes an 8-posltlon swltoh 

having a switching time of approximately 0 5 microsecond , 

A prsllmlnarj- design of a 32-positlon switch has been 

completed. The swtltch has been constructed and tested. 

An Improvement on ;he original design has been foond 

whloh reduoen the switching time of tha 32-pooltijn 

twitch to 0*1 rnicrusecond (see Volume 1?, H-123) -
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4.34 A-C. Coupling 

In ordor to avoid the cascading of power suppllee 

the amplification of power-ijupply-voltago drift , f l l a -

mant transformer Isolation, and othar d l f f lou l t l ee 

accompanying direst coupling, • schema of a-c coupling 

has bean devised which presorvos the functional ad­

vantage* of direct coupling, '.'hie scheme require a that 

each f l ip - f lop In the computer be triggered twlco by 

two pulses one mloroaecond apart (so thai; the f l i p - f l o p 

returna to Its original state) during a tine In the 

cycle when the f l ip- f lop Is no'; otherwise aotlve- Thlo 

In done frequently enough ao that the ooupling capaci­

tors do not have time to discharge; the desired d-o 

level l a obtained by use of clasping diodes, A-G 

ccvpllng la an Important factor In the Whirlwind com-

putera which Bakes operation sure rel iable by permitting 

wider tolerances on power-supply voltage» and pulse ampli­

tudes. I t i s discussed In greater detai l In Volume 15 

4.35 Crystal Raotlflars 

Cryatal reot i f lere are used In Whirlwind I for 

clamping (d-c restoration), for Isolation In ooupling 

trigger source a to f l ip- f lops , for mlzlmi; signals In a 

common load In high-speed r.ultl-position switches, and 

In pulse generating circuit*- In addition, Sylvanla I s 

developing ipeoial high-conductivity cryetala fcr ooupling 

to the d ig i t transfer bus and for use In the defleotlon 

c i r c u i t s . Crystal rect i f iers possess many advantages 

over vacuum-tube llodea, but thoy possess the disadvantage 

of having a back :onductance which frequently cannot be 

neglected and whloh increases v i th temperature- Measure-
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mente ha7e bsen ne.de to dotennlna the oharacterif t ics 

of orystals , particularly at overload and at hlgJfc 

aablent temperatures? Close contact i s being main­

tained with she crystal group at Sylvanla, where l i f e 

t e s t s , Including l l f o t e s t s vnder pulsed condition* at 

high aablent temperatures, ate boing conducted Crystal 

r ec t i f i e r s are discussed in Y'oluac 1£-

4c3£ Pulse Transformers 

Pulse transformers are Important components of the 

Whirlwind oouputsr a Their use as Impedance transformers 

and for pulso Inversion greatly reduoes the numbor of 

tubes required and s implif ies c ircu i t design. Commercial 

pulse transformers suitable for the pulse shape and 

power leve ls used have not beau obtainable. A study of 

pulse transformers was undertaken and a report prepared 

whloh thoroutfily discusses transformer analysis and de­

sign (see Volume 111, B-122). transformers for Whirlwind I 

hav» been designed and a study of applications hat been 

made. At present, two transformer types are adequate 

for a l l applications- One type i s a one-to-one Inverter 

transformer ;nd the other Is a three-to-one Impedance 

transformer Intended primarily for coupling vacuus tubes 

to low-Impedance cj.bles. An investigation of voltage 

step-up transformers i s now being oarrled out (ee: 

Volume 19, X-60) • Pulse transformers are discussed In 

Volume 18. 

4 27 Hiooollansoui Tubes 

Of a total of 3,500 tubes f i r Whirlwind I , 1 1150 

are used in gate c i r c u i t s , 700 are used In fllp-fT.opa, 

and 870 are used M buffer amplifiers (see Volume 16, K-132) „ 
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The tube used In f l ip - f l op c ircui ts and for most buffer 

amplifiers la the SAG? pentode- Pulse characterist ics 

of the tube have bean obtained and tube l i f e la being 

Investigated. A group of 100 £ Mr? i are undergoing 

l i f e teat at the present time The tubes are being 

overdriven by a 60-cycle voltage on the control grid; 

the f i laaent voltage la l e f t on 24 houre a day After 

2,200 hours, no tube fa i lures have been observed 

71nal oonoluslona should not be drawn from th le state­

ment, however, because the l i f e teat rack was operating 

Improperly during the f l r e t 1,650 houre of operation 

(aee Volume 16, K-119). Also, a group of 10 f l ip - f lops 

using 6AS7's la being l i f e tested. After 600 houre of 

operation, no tube fa i lures havo been observed (see 

Volume 16, £-64)• An Investigation of the so-called 

"black-out1 effect haa been conducted to find out If 

th i s w i l l cause trouble In the Whlrlvlal computers. 

Blaok-out ws s observed In the 6AS6 gate tube, but only 

when the pulse driving the control grid poalt lve was 

10 microseconds or greater In 1 ingth l o trouble due to 

blaok-out effeot la expected In the Whirlwind computers 

and the effeot hae been obaerved only In the 6AS6 gate 

tube., Miscellaneous veouua tubee are discussed l a 

Volume 16. 

4.38 Nleoellaneoua Circuits 

A number of computer olrcuits In addition to those 

already mentioned have been Investigated, These Include, 

buffer amplifiers to drive the digit transfer bun, and 

buffer amplifiers to simultaneously drive a number of 

tubes in different racks,- The project has a l so designed 
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and oonstructed a 3-stage step counter, a pre­

liminary time-pulse distributor, and has dsulgned 

the register panel and the f l ip - f l op storage for 

Whirlwind I , Final designs of the la s t two items, 

register panel and f l ip- f lop storage, are bsing 

prepared by Sylvanla. These miscellaneous c ircu i t s 

are discussed in Volume 19 

4.39 Test Equipment 

Basic t e s t equipment for research in eomputer 

c ircui t : must include a synchroscope and a pulse 

generator.. Because of the high pulse-repetit ion 

frequency and short pulse length used in the Whirl 

wind computers, a synchroscope with very fast swoej. 

i s necessary* The Model 5 synchroscope has proved 

adequate for most work. The TS-239/UP i s superior 

for certain purposes The most widely used test 

equipment designed by Project Whirlwind has inoluded 

a gas-tube pulse generator for generation of short 

pulses at low pulse-repetit ion frequencies and a 

high-fr jqusnoy olook-pulse generator (1 to 6 mega­

cycles) The high-frequency olock-pulse generator 

i s very similar to the master clock that wi l l be 

used In Whirlwind I (see Volume 19, i i -48). In 

order to use the a-e coupling scheme, a source of 

pairs of pulses spaced approximately 10 microseconds 

apart is necessary* This restorer-pulse generator 

has been used with many test arrangements, including 

the 6-dlgit multiplier (see Volume 19, £ -52) , A 

similar generator wi l l be used In Whirlwind I . A 

general-purposed gate-and-delayed-trigger generator 

has been designed and many .ire In use . A tube 
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test* r has bosn do signed and built In thie laboratory 

for obtaining stat lo and pulao characteristic* of 

racvAju tubes. A crystal tes ter has also bean designed 

and constructed for tes t ing .forward and baolc resiotance 

of germanium-crystal r e c t i f i e r s (see Volume 15, £-37)= 

Test equipment Is described lit Volume 19. 

4 Input and C-utput Equipment Development 

The photographic film reader-recorders to br used for 

numerical Inputs and outputs v l th the Whirlwind 1 computer are 

being developed at the Eastman Kodalr. Company, The otage of 

th i s development i s reported in their Progress Beport Ho 1 in 

Volume 11. The equipment Is e s sen t ia l l y In breadboard stag* 

with experimental sotups of oathode ray tubes, optical systems, 

electronic equipment, and film drives> At the moment these 

breadboards are In *he form of separate components, although 

It i s hoped that bj the f i r s t of 1948 a complete working 

breadboard system wi l l be avai lable . Development time i s 

being reduced by th« design of a single unit which can be made 

into a reader or recorder by suitable changus In I t s optical 

system. The housings, film drives, mechanloal systems,, and 

much of the electronics wil l be Identical for both un i t s . 

The automatic fi la-prooesslng equipment will be an adaptation 

from already exist ing designs with somewhat different speci­

f i ca t ions . A revision of plans clnoa the Kastman lodak report 

permits use of a recording maelc with only two rows of openings 

One experimental model of a declmal-to-blnary converter 

has been bui l t at X,I = T, and I s described In a thes i s by 

D J . Crawford In Volume 12. This unit has operated s a t i s ­

factor i ly but must be redesigned before inclusion in f inal 

keyboard equipment. 
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One of the project engineers has been studying magnetic 

recording for uaa aa an erasable infcer-aedlate-speed memor, 

device. Els preliminary findings are reported In B-124 In 

VOIUM 11 • This vork Is s t i l l In a preliminary stage but 

further experiments are being oarrled on as discussed In 

M-106, Volume 1 1 . 

Volumes 11 and 12 alao report the projeot work on devloes 

for conversion between nuaerlofil and analogue quantit ies. She 

f i r s t of these devloes waa bull.t In 1946 and uoed a 2-vay 

counter to oount pulese generated as a graduated dlso moved 

In front of a pair of photocel ls . Thla device operated aat le-

factorl ly but hae since been discarded aa being too complicated 

and expensive. If many quantltlea are to be converted, a com­

plete oounter converter la needed at each shaft. Work was 

again begun on t h i s problem In June of 1947 with emphasis on 

the design of conversion methods requiring but a single oom­

plloated converter for many quantit ies , the additional equip­

ment required at each conversion point being very small. 

Some experimental work has been done on a frequency-modulation 

system In which the motion of • oondenser conneoted to a shaft 

varies the frequency of an osc i l l a tor , the resulting frequency 

being measured by binary oountera. Thla method i e bas ical ly 

suited only to conversion from mechanical poaltlon to numerical 

oode, However, a l l these methods are reversible either through 

the use of feodbaok systems within the converter or through 

the uae of external eervomechaitlsms Another method now 

being studied la the uae of pulae-timo coding. Boot-strap 

aweep c i rcu i t s aro uaed for ooi.vertlng from electr ical magni­

tude to a time difference between a pair of pulses. Thla 

time difference I s then converted to a numerical quantity by 

meana of a binary counter and t. fixed-frequency supply of 

clock-pulaea. Thla system la rlso reversible. 
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I t In not expicted that anj' one of theae oonvorelon 

devioes wi l l suffice for a l l problems because of the great 

• difference In specif ications for the accuracy, preolelon, and 

sens i t iv i ty of the various quantities being converted. If 

the sens i t iv i ty requlremants arc snail, then direot binary-

weighted conversion systems buoh as are discussed in the 

deflection c ircuit studies in Volume 10 could be used la 

some oaaet where the sens i t iv i ty must be one part in ten 

thousand or better multi-speed systems should be used, A 

part of t t l s problom i s the design of servonechenlnms vhloh 

wi l l operete sa t i s factor i ly on Intermittent data received from 

dig i ta l computers. In SJIBO casts the computer I t se l f can be 

l e f t in the servo-loop, thus allowing the use of the great com­

putational oapaclty and f l e x i b i l i t y of the computer In servo 

compensation* In other oases it may be desirable to close the 

servo-loop outside of the computer, tho servo receiving only 

positional data. One of the staff members of the £ lec ;r loa l 

£aglneering Departnent at M.I.T- i s at present studying these 

problems in preparation f ir a doctorate thes i s • 

4.5 Aircraft Cookplt Development 

While the cooi.plt now being designed i s Intended for 

Whirlwind I and Is not the more extorsive system planned for 

Whirlwind (1, i t In considered Important that tho oookplt be 

adequate to permit study of the alroraft analyser as a whole 

as well as study of simulation techniques. 

The early work on the elaul&tlon program was devotsd t o 

study of the effects necessary for adequate f l ight simulation 

and suitable devioes for obtaining real .st lc p i lot reaction. 

T.ia e f feot t considered ncoessary a n - ' 1) control-fort* 

loading. (3) presentation of alroraft behavior by means of a 
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simulated inetrumeat panel, (3) no: se and vlhratioa t and 

(4) reproduction of the interior appointment a and appearanc a 

of an aotuc.1 cockplto In addition to these faotoree notion 

of tha cockpit was consliered. (See Volume 14, K-125- •) 

Motion of the cockpit to simulate aooalaratlona f e l t by 

tha p i l o t during Maneuvers presents a d i f f i cu l t problem• la'i 

simulation can at beat bs only approximate, i t la not feas ible 

to mount tha oookplt in such a manner that i t may have the 

ease degrees of freedom as the aircraft , since sustained 

aooalaratlona vould required prohibitively large displacements.. 

A compromise oonsliered *ei to suspend the oookplt as a pendulum 

free to swing about two ix*e (pitch and r o l l ) and thue to con­

trol tha dlraotion of tha gravity vector ao that horizontal 

components of acceleration on the p i l o t could be produoed by 

t i l t i n g . (See Volume 14, H-100, M-74°) Thin ayatem vould 

require the development i f large hydraullo servomechanlame 

suitable for movin,; the aass of the entire oookplt structure., 

Sine* this program pre seated serious d i f f i c u l t i e s , and slnoe 

the value of such a sysVim could not be def ini te ly eetabliehed, 

thle phase of the <*orlc h i s been discontinued as a part of the 

Immediate Whirlwind prog.-am- However, the cockpit w i l l be 

supported by aprln^a ao ".hat It may be vibrated-

The control-foroe loading eervoa are force-producing 

cervoa whloh oompare the actual foroea Indicated by strain 

gagea with tha required :'oroee dictated by the computer. The 

difference, or error, la amplified e leotronloal ly to aotuate a 

small torque motor The output movement of the torque motor i s 

amplified by a hydraulic booster to operate a d i f ferent ia l 

pressure regulator valve This regulator controls the hydraullo 

pressure on a piston oonnacted to the controls. Tha damando of 

high apeed of response and high precision have necessitated a 
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good doal of study and experiment to develop suitable com­

ponents, particularly the hydraulic amplifier and the pressure 

regulator* 

A test t'odel of the systea described above has been bu i l t 

and tested., While the systea worked wel l . It s t i l l requires 

further development to he oompletcily satisfactory*, i. faster 

hydraulic amplifier i s being dsveJ.oped, and work Is under wa; 

to design a more sat isfactory regulating valve-

The control-force loading equipment must also Insert 

calibrated amounts of elaetanca, backlash, and coulomb f r i c t i o n 

to simulate these Imperfections in actual aircraft controls 

This problem has been approached in two wayso Meohanioal de 

vloes have bean designed to insert these quantities in the 

control linkages, and a study Is being made to determine the 

merits of calculating these effects in the computer and simu­

lat ing them by means of the hydraullo servo3 

Data on .aircraft Instrument characterist ics have been 

gathered, and tentative layoutt of the instruments started 

The slower, l e s s precise instruments (such as fuel gages) 

w i l l probably be voltmetere energized from the computer -

The more precise Instruments wil l be small servomechanlsms 

receiving input data from the computer . Space l imitation and 

omct lng precision requirements necessitate careful design t o 

achieve rcour.ite simulation of performance and appearance.. 

In connection with the studies of Instrument servos and 

control-force loading servos, the nature of the input signal 

nust reoelve careful attention The signal received from the 

computer wi l l be discontinuous since information will be rear 

out of the computer periodical ly rather than continuously; 

hence changes In signal magnitude wi l l he In discrete steps> 
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Iho effeot of such operation l e d i f f i cu l t to predlct ( and 

careful teat t of the Whirlwind I nyetea wi l l he necessary 

to evaluate and perhape modify the servos.. 

Techniques of generating ireallstlo nolee and vibration 

effects have already been accomplished by the Navy in the 

construction of Operational f l ight Trainers* 

' 
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Block Diagrams shoving the organization and control operations 

of the Whirlwind I computer wi l l he found In Volumes 5 and 6., 

These block diagrams describe the control and the arithmetic ele­

ment but are not oomplete In their description of Input and output 

devices, the control desk, checking and trouble location, aid the 

storage system. Work oontlnacs toward completing the Whirlwind I 

block diagrams. Block diagrams for Whirlwind II w i l l be started, 

as well as a detailed consideration of probable Whirlwind II 

applications The reader Is referrod to Volumes 5, 6, and n for 

aooouiits of the system block diagrams? detailed discussion of the 

computer codes, method i of handling alphabetical Information, 

cheeking, trouble looetlon, ,itd special operations 

Checking and special control fractions are reviewed in the 

following two sect.one 

5 1 inspection, Checking, aad Trouble Location 

Two categories of computer application must be d l s t ln -

culshed; 

1.- Those applications where high cost In l i f e 

or proper:; depend on the oontinuoue and 

correct operation of the equipment. Most such 

applications fa l l in the control category, for 

exanple. handling of a ir t r a f f i c , chemical 

proceoses and soms military operations 

2- Those applications where continuity of operation 

i s not of primary Importance even though ln-

oorreot answers say be f inancia l ly cos t ly . 

In Class 1 not onl;- a i s t faulty answers be rejeeted but 

oorreot answers must be simultaneously avai lable . A minimum 
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of thrae machine a la roquired. In case of a failure, the 

two answers that agree oan be taken as correct.. A minimum 

of four machines is required If the check is to continue 

while on? machine is being serviced* The number provided for 

each problem will depend on the economics of the situation* 

Checking using one pair of machines will in general be unsatis­

factory since there Is no quiet wa}' of determining whloh Is 

providing correct answers when a disorepanoy occurs? 

Class 2 computations where continuity of computer 

operation is not essential are the ones more ordinarily dis­

cussed. The normal flow diagram for solving a problem by 

digital computation is shown in Drawing A-31200, 

Checking of step 1, the mathematical Interpretation of the 

physical problem, and stop 2, the conversion of the mathe­

matical formulation to machine code, can be done by having 

the problem Independently formulated by two capable groups• 

The two independent formulations can then be run through the 

machine, a comparison of the aiswors giving a thorough check, 

on the operation of the entire sequence since the two formu­

lations will, in general, be quite different- It is also 

possible to check these steps >y comparing the machine 

answers with certain known results obtained by other means. 

Wall designed mathematical checks involving smoothness or 

Identities should also holp in this checking,. 

Depending upon the length and nature of the problem, trans­

cription from written oorte to photographic film can be done by 

duplication and comparison or by proof reading. The operator 

Inserts orders and numbsrs through a decimal keyboard as dis­

cussed in Section 3.1. With a more elaborate keyboard It would 
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be possible to Insert r.l diabetic information aa v e i l . She 

numbers are to be recorded on the fllsa In binary notation, 

the conversion having besn perforued automatically by equip-

aent at the keyboard T.ic eequence It as follows* 

1. Decimal input on keyboard by operator> 

2 . Conversion to bleary number 

3. Decoding the binary number baok to decimal 

4 . Printing the decimal number on a paper tape 

5c Inspection of decimal number by operator-

The conversion equipment operates 

rapidly enough to that the printing i t 

essent ia l ly coincident with the input. 

The binary cunbe.: has not yet been recorded 

on the f l l n ; thai the operator can correct 

any errors 

6.. Recording of binary number on film 

7, Checking of the reocrded number with the 

original through photocell interlock, 

(See Volumi) 11, liastman Kodak Report) > 

Beta the number and i t s complement are re­

corded and checked, 

Two such films can bo transcribed and compared i f desired 

Another p o s s i b i l i t y i s tc cheek the f i r s t film against a 

second operator as propound for the Bureau of Standards magne­

t ic wire Input. However, cheeking i s suff ic iently complete In 

the writing pi-ooeie that proof reading of the paper tape 

against the original date, should be satisfactory lor most 
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problems. Checking by duplicate tapes or duplicate operators 

Is equivalent to proof reading but t i e s up equipment. Again 

the choice i s an economic problem depending on the value of 

the solution. It la expected that many engineering solutions 

wi l l be run for t r ia l and inspection purposes in which ex­

tensive checking wi l l not be Just i f ied. 

Checking within the machine I t s e l f wi l l use four 

different methods. 

1. Continuous checking o:.' some parts of the 

equipment t,t each step of an operation, 

2 . Intermittent checking of the remainder of 

the equipment by the use of check problems. 

3 . Chacklsg of :neck 2lrcU.te and for incipient 

fai lures due to ra&rgiinl operation by the 

use of Inspection problems. 

4 . Checking for true Intermittent fai lures by 
mathematical checks. 

Continuous checking o:f a l l parte of the computer either 

by elaborate internal checking or by the duplication of com­

puters does not seem warranted. Such checking Is no more 

successful for discovering steady-stete errors than inter­

mittent chocks by check problems. Continuous checking wi l l 

discover intermittent or transient fa i lures but loses muoh of 

I t s value because i t supplies inadequate information for the 

diagnosis and correction of the trouble. Mathematical checks 

are a muoh l e s s expensive way of discovering transient failure!!. 

The time saved by immediate detection of a transient fault wi l l 

not be important as long a.; such faults are re lat ively rare and 

care Is taken to provide restarting points in the course of a 
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lengthy calculation. Some continuous checking particularly 

in transfers between film and computer and transfers within 

the computer I t se l f wi l l be provided in Whirlwind 1. Ttjse 

checks examine large Motions of the machine but require 

re lat ive ly l i t t l e equipment and no los s of time. 

Cheek problems wi l l be part of the main program wltnin 

the machine and will be run automatically at frequent inter­

va l s , probably of the order of one seconds The problems wi l l 

be designed to test the operation of a l l elements of the com­

puter with as few operations as poss ib le . The t las required 

for check problems i s not expeoted to exceed 1 to 6 percent 

of t o t a l computing time, i n error pade by any part of the 

computer during the check problem wi l l cause the computer to 

stop. Steady-state fa i lures w i l l thus be detected shortly 

after they have occurred as well as intermittent fa i lures of 

high ocourenoe frequency 

Inspection problems wi l l also be performed at intervals 

at the discret ion of the operator, for example, once a day or 

as praotloe proves necessary. Component l i f e t e s t s to date 

Indicate that intervals of th i s length or greater are practical -

(See Section 4 .1 and 4 . 3 ) . The inspection procedure wi l l oheok 

a l l normal cheoklng c i rcu i t s for proper operation, furthermore, 

It w i l l be designed to detect marginal operation and incipient 

f a i l u r e s , tor example, t ie inspection problems wi l l be run in 

the computing machine as suff ic ient operating conditions are 

altered to demonstrate the operating margin of oomponent c i r ­

c u i t s , / a l lure wil l be reduced from a marginal to continuous 

occurrence and will be picked up In the normal checking and 

comparison prooesses so that the source of error can be looated 

and marginal operation eliminated. As examples, the following 
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operating conditions can be changed 

1» Plate vol'oai;: raised and lowered to check: 

f l ip- f lop transfer rates, amplifier output 

signals, e tc . 

2 . Grid bias voltage rained and lowered to 

check: oiroult tolerances to input trigger 

signals. 

3 . Clock: repet i t ion rats increased and decreased 

to check frequency independence of c ircu i t s 

4 . Art i f i c ia l loada add.jc* to cr i t i ca l c i rcu i t s 

to check s t a b i l i t y of s ignals , 

Execution of this inspection jcquenoe oan be made 

ent ire ly automatic and should take but a few minutes If equip-

nant la properly deeigned.-

I t i s expected that the majority of Intermittent fai lures 

wi l l be avoided by the marginal failure checks in the inspaotlon 

problem. Thos Intermittent fallurot which are not so avoided 

can bast ba dlsoovered by the use of mathematical cheoka on 

resul ts or partial results- Such checks might ba for smooth­

ness or identity or even in extreme oases by repet i t ion using 

an ent ire ly different computing method, liven i f a simple 

mathematical check i s not possible Intermittent fa i lures oan be 

discovered by simply repeating the original problem. Steady-

state errors which oould oausa both answers to be wrong and yet 

cheok wi l l be discovered by the check problems. A true Inter­

mittent error wi l l cause a ilsoreptJnoy between the two rune. 

Discovering the existence of an error i s only one part of 

ohecklng. Just as important la the location and repair of the 
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faulty part. Tho Whlrlvind oomputers wi l l uae three general 

methods for this purpose 

1. Incllcatore w i l l he provided for blown fuses 

open breakers, overtomperature and other 

physical troubles.- Monitor a w i l l ha provided 

for pulse ahapao, amplitude a, and frequencies* 

Those monltora will he automatic with ludi-

oatora and w i l l also present wave shapes on 

oaollloaoopea at the operator's console 

2° The entire computer can he run step-by-step, 

the contents of a l l computer regis ters being 

available on neon Indicators at the operator's 

console. In addition, It w i l l he possible to 

run the machine at high speed and yet to de­

termine the contents of any register at any 

t ine . Colnoldenoe counters, i l lustrated In the 

oontrol denk. Drawing A-31083 of Section 3 . 

make It potmlble to » l e c t the contents of any 

of the computer registers at any tlme-pulse In 

any operation of a somputlng sequence. The 

ad van tago s of th i s system are both that the 

computer functioning at high apeed may be 

checked aac*. that It w i l l be much fester to 

reach a particular point In a computation hy 

this moans than by step-by-step operation. 

The coincidence counters can he set to stop 

the computer at the selected point In a problem 

or to simply extract the desired Information and 

allow th< computer to proceed. Provision wi l l 
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be aade for the automatic comparison of ex-

traoted numbers with others previously ez-

trasted or tet in by the console keyboard. 

Trouble-location problems are expected to be a 

most powerful aid In locating faul t s which occur 

continuously or at frequent intervals . Tits value 

of these processed has already bean demonstrated 

In the 5-stage multiplier. The trouble-location 

problems nay consist of many thousand orders 

but need be prepared only once for the computer . 

They wi l l be stored on one of the Input f i lms 

nnd called Into use only when needed. The 

sequence w i l l start with elementary operations 

requiring a minimum amount of equipment and 

gradually Incorporate the operation of other 

commuting c i -cults . The computer wi l l gener­

ate a d is t inct ive number pattern for eaoh different 

pare whloh f a l l s . Once the computer i s bui l t and 

running i t can be used for generating these 

patterns I t s e l f although they can bo generated 

acre laboriously by manual means. The table of 

patterns against fai lures oan ei ther be con­

sulted by the operator or stored on f i lm and 

jcnaulted by the machine. It Is expected that 

the majority of machine fa i lures can be located 

within a few minutes by th i s means• 

5.2 Specif 1 Control lunotlona 

The Whirlwind I computer Is so designed that addition of 

specUl operation:) i s r e la t ive ly eaay. Many of these special 
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operations have not been included la the f i r s t design hut can 

he added i n later design* or even added to Whirlwind I at a 

l a ter date . Some special operations require no changes in 

the physical equipment. 

Alphabetical information and sorting by alphabetical 

c la s s i f i ca t ion can be readi ly handled In the Whirlwind Com­

puter. Alphabetical problems have thus far not been one* of 

major Interest, but are discussed in Volume 7, M-134, and in 

Section 6 ,5 of th i s Volume* Preliminary Investigations Indi­

cate that the high computing speed f-nd the large amount of in­

ternal atorag* which can be provided In Whirlwind computer* can 

be ef fect ive ly and e f f i c i e n t l y used in correlation and sorting 

problem* • 

Aoeu unlet ion of product* Is tvplcal of the kind of 

operation which could be readily provided If the need arose 

Accumulation of products s ight be highly desirable in matrix 

operations. One of the extra order posit ions available in 

Whirlwind I could be used for th i s special operation. 

Accumulation of product* Is discussed in Volume 7, H-136. 

Xxtractlag square roots while not included in Whirlwind I 

as a speci f lo program order i s not appreciably more d i f f i c u l t 

for the parallel type arithmetic element than the process of 

divis ion. Automatic div is ion has been included a* more 

generally useful . In Whirlwind I square root* are extracted by 

programmed arithmetic s t eps . However, the automatic extraction 

of square roots would requ. re l i t t l e additional equipment and 

would be desirable for any machine frequently used for problems 

Involving trlangulntlon. 

• Special outpu; cont.ro'.r are required in many of the simu­

lat ion problems. ??he equipment w i l l , therefore, be able to 
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perform such function:: aa operating evltchea,, controll ing 

aervomechanlema,, and performing other logical operatlcna 

of a physical nature which have been aet up in the con­

trol l ing program. 

I 
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0 Applications 

d a Project Whirlwind goal la a complete simulation system 

including d ig i ta l computer, Input and output conversion of physical 

quantit ies to numerical Inputs and the roreree, and any specialized 

componento required for specif ic applications«. Essential to t h i s 

program Is a soundly engineered computer which can be used as a 

tool i s the worlc to be dona. Operating speed has bean sat high 

not only to stake possible the calculation of control and real-time 

simulation problems, but alao to use e f f i c i en t ly toe e leotr loal and 

electronic components of the system. The Whirlwind system can 

accept information In many forms, including numbers on film and 

aagnetic taps; binary, ooded-deciaal, and alphabetical symbols; 

e l eotr loa l voltages; time-pulse modulation; and meohenloal posit ions-

The oomputer oan put out numerical and graphical re su l t s , and 

can control information and communication systems* 

Tha Whirlwind computer oan be arranged to provide oontrol s ig ­

nals for mechanisms reading f i lms , magnetic tap*, paper tape, or 

punched cards, so that information In any original form including 

telatype a oaa be u t i l i s e d . 

Because of tha oontrol and oomputlng f l e x i b i l i t y , problems 

ind Information coded for other oomputlng systems can lllcawlaa be 

Interpreted, used directly, or converted to tha proper Whirlwind 

syatam of notation. This would lnolude the acceptance of data 

or ig inal ly prepared In tha coded decimal system, e i ther ordinary 

'or ezoess three, as well as alphabetical Information coded In several 

:rorme. Additional comae i t s on alphabetical work wil l be found in a 

seotion on the Census Bureau. 

Many simulation and oomputlng applications have been Informally 

considered with various groups* Only a fsw of the studies have been 

reduced to f ina l written form, because data on objectives and 
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operating requirements of the problem here in general been too 

inoompl J te • 

The following problem* are typical of the type* which have 

been oomldered and dlnoussed., Moat have been pursued far enough 

to males certain that Whirlwind equipment would meet the require­

ments of the application. Here again suffioient detai l has usually 

been miising, 

6.1 Air Traffic Control 

Consider for a moment air traff ic oontrol. We oan, for 

the purpose of example disc-as traff lc oontrol aa merely an 

information center without Decoding Involved in the problems 

of alroraft p i l o t payohology, the question of data presentation 

to the p i l o t , and the re lat ive merits of the various automatic 

landing systems The oommenta apply equally to oontrol at a ir -

porta or along the airways. Air traffio oontrol and proper 

handling of the Information may require among others the 

following functions; 

A. Badar Information 

1. The computer should receive radar data indicating 

the range, bearing, and vertical angle of a l l a l r ­

oraft in the v lo in l ty 

2 . This radar information as i t arrives must be corre­

lated with previous alroraft information. 

3 . The radar may often supply beacon signals to ths 

computer for Identif ication of most of ths aircraft• 

B Evaluation of Information 

1. Incoming information must be used to correct the 

calculated locations of planes in the v lo in l ty . 
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So Based on available Information, future oourees 

should be extrapolated or predicted to cheok 

against ool3.lt Ion or to detect alroraft out of 

aeslgped posit ions° 

3 . Store required Informal;Jon about each aircraft 

in the area. This information would inolude 

a* X-ooci'dlnate of pos i t ion 

b . T-coordlnate of pos i t ion 

c. Altitude 

do X-coordlnate of speed 

e« T-coordlnate of speed 

f• Bate of climb 

go Bate of turn 

h, Accuracy probabilities of the above 

positions and rates 

1. Destination 

J. Origin 

k. Identification 

1. Other information of interest 

4 The computer acting as an information oenter ahould 

recognise new aircraft entering the area and like­

wise should reaognlte and remove from the oomputlng 

system those alroraft whioh have left the area or 

have landedo 

5 The computing system should use information from 

other detectors as it becomes available. Tor 

example, triangulation from other radar sets, 

visual sights, beacons, and radio can all be 

correlated to jive a better overall picture. 
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C> Presentation of Information 

Suitable displays and indicators should he 

available for presenting the required Information, 

Including: 

1. Indication of new aircraft coming within the area 

2 . Indication of aircraft out of posit ion or f l ight 

pattern, 

3 . Warning of possible c o l l i s i o n oouroes and per­

haps Indication of recommended course ohanget-

4 . Display of the surrounding air ac t iv i ty , showing 

present posit ion of o r a / t , their predicated 

pos i t ions , and sons Indication chawing alt itude 

as well at X-T posit ion. 

D. Aatoaatlo Control 

3o far as the Information center and computing 

equipment are coaoemel, operation can he readily 

extended to lnolude automatic oontrol suoh as 

blind landing operations. This funotlon would 

he dependent on suitable defeating apparatus 

for providing the required aoouraoy of alroraft 

pos i t ion . 

I . Safety 

Safety and re l i ab i l i t y In air trafflo oontrol 

would of course be of utmost importance. Com-

putlag equipment for handling the air traff lo 

oontrol problem must be engineered for the 

greatest possible r e l i a b i l i t y , In addition 

th i s type of application Juet l f l e s the use of 

multiple oomputlng units for r e l i a b i l i t y and 

oheofclng purpose to 
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Consider now the problem of a ir t r a f f i c oontrol outlined 

above. The capacity of a computing machine i s specified by 

two quint H i e s : i t s d i g i t storage capeolty and i t s computing 

speed. The air traff ic oontrol problem w i l l be related here 

to the Whirlwind I system. This la not because the Whirlwind I 

eyetem i s ideally suited to traff ic control , but rather be-

or.use i t serves as an example and a scale of reference. 

Approximate data for the Whirlwind I system follow: 

Storage; 2,000 registers , 16 binary 

d i g i t s eaoh 

Speed; 20 micro seconds, plus or minus, 

per baelo operation 

Wo must examine both the speed and the storage capacity 

in order to evaluate the usefulness of a given machine in a 

apeclfled problem. The figures which follow are probably 

accurate within 30$ and are based on deta i led studies of 

s imilar problems. In Item fl-3 above, we l i s t e d 13 quantit ies 

whioh might be required for eaoh a i rcra f t . Others not l i s t e d 

might bring the total to 20 storage reg i s t er s for eaoh a i r ­

plane. In general, the 16-dlglt accuracy of a storage register 

lr Whirlwind I wi l l be sufficient for any of these quantit ies 

with the possible exception of X and T posit ions and certain 

of the rates , ijnantltlee requiring higher accuracy may be 

handled with 2 storage registers a l located to the quantity.. 

providing 32 binary or approximately 10 decimal places of 

senni t lv l ty . assume for purposes of I l lustrat ion that we wish 

to handle a maximum of 60 airplanes In the area at one time 

Total storage required for aircraft data i s then 50 times 20, or 

1,000 storage reg is ters . 

Based on previous work, about COO registers are required 

for storing the computing program, These control orders in-

olude thoae required for handling the radar correlation, the 
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ldantlfloatlon of new aircraft, the extraction of old alroraft 

fros the computing system, and recognition of the various 

alternates and emerge no j- situations whioh the information 

center is to handle. A preliminary mathematical treatment 

of radar correlation Is given in Volume 8, R-124. 

fifteen hundred registers are therefore required for 

storing the computing program and the airplane data. The 

remaining 500 i-torage registers of Whirlwind 1 would he 

available for storing data regarding flight patterns, or 

might he used in connection with automatic landing procedures. 

We must now examine computing speed requirements for the 

above problem. In general, only a part of the 500 orders 

will he required eaoh time a particular alroraft in the air 

control system is considered, because many of the possible 

emergencies and contingencies need not be treated. Say for 

example 300 orders are required for disposing of a new piece 

of radar Information relating to a particular airplane. The 

remaining 200 orders are used only occasionally to treat 

unusual circumstances. The computation, sorting, and control 

Indicated by the 300 orders will require, at 20 microseconds 

eaoh, approximately 6000 microseconds To treat each of the 

50 airplanes would then require 0.3 seconds, as indicated in 

the tabulation below-
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Whirlwind I storage 

Registers par plane 

Huaber nf planaa 

Registers for all planaa 

Registers for program 

20 

60 

Section 6.3 

2048 raglatara 

1000 

600 

Registers reaalning 54a 

Computing tlma par ordar, 
average 20 micro sec 

Ordar a par aircraft, 
average 

Computing tlaa par 
aircraft 

Computing tlaa, 50 
aircraft 

300 

.006 aec 

0.3 H O . 

It la probably not naoaaaary to ooaputa aircraft positions 

each one-third aaoond, but the additional t laa night ba da-

rotad to landing or other operation* Extension of the 

atoraga capacity by addition of other d ig i t columns would 

aake possible the handling of larger nuabera of aircraft or 

intricate dataila re lat ing to f l ight patterns and control 

operations» 

6.2 Air forces Computer 

Representatives of the Air foroes r l s l t e d the Servo-

mechanisms Laboratory in May, 1947, to discuss the application 

of Whirlwind computers to a large-scale bookkeeping and 

log l s t loa problaa. The problem was considered only In the 

detai l permitted by a s ingle conference. The result of the 
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conference Indicated that Whirlwind computers would aarva 

usefully la the required application and that their high epaac 

and large Internal memory would he valuable In the sorting and 

collating operations required. The problem also required 

operatlona on matrices up to the order 100, the performance 

of which Is great ly aooelerated by extensive Internal storage 

Ho work waa undertaken In connection with the Air Force 

program beoauee It waa pointed out that Project Whirlwind waa 

progressing aa rapidly aa poaalble and that additional funds 

at that time would not appreciably accelerate the ava i lab i l i ty 

of equipment to the Air forces- I t waa further pointed out 

that Whirlwind equipment when developed would meet the re­

quirements and that the Air Foresee would be well advised to 

await the a v a i l a b i l i t y of the f l r e t Whirlwind eyatem to try 

certain of the probleme outlined. 

Specifications aa original ly written for the Air Forces 

describe a computer sow 10 times the oapaclty of Whirlwind I 

hut smaller than Whirlwind I I . 

6 .3 Army and Havy War Collage Simulator 

Simulator a for tactical training have been dlacueaed on 

several occasions with members of both the Army and the Havy. 

A oomputar with oharaoterlstloa of the Whirlwind system at a 

s i t s Intermediate between Whirlwind I and Whirlwind II aaema 

moat appropriate. In one application the simulator muat 

generate the abaolute and the re la t ive motions of ships and 

task groupa of the opposing foroes being simulated. At each 

of the many command oanters muat he controla which sat Into 

the computer such faotora at the discret ion of the command 

group aa course, speed, f ire control , and defense. The com­

puter muat keep a running account of posit ions, damage, offensive 

and defensive oap&olty, and scoring. 
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4 Guided Mleglle Data Beductlon 

Components of the VMrlwlui system are suitable In 

pract ical ly the form now contemplated for application to the 

problem of guided missile date reduction., A computer of the 

Whirlwind I type might he used, hut a redesigned and more 

compact version, equivalent in physical construction bet of 

smaller capacity than Whirlwind I I , would he more suitable 

In such a guided missile data handling system, a l l telemetered 

information should he recorded in a form suitable for direct 

use by d ig i ta l computation. Signals modulated hy code, time 

pulse, fieonency, or amplitude can he Interpreted hy reasonably 

simple olroui'^s and recorded as binary numbers on photographic 

f i lm. Since the data that are recorded will he subject to the 

usual experimental errors, Including roughness in the numerical 

values and in many cases omission of signals due to telemetering 

and communication fa i lure , i t wi l l he neoessary that the com­

puting system smooth and Interpret the recorded data,. 

TIT example, the oomputlng program oan he so designed 

that missing information oan he f i l l e d in hy extrapolation of 

preceding and succeeding data* Such a oomputlng program might 

ho readily set up on the basis of trajectory continuity and 

smoothness* In most t e s t s , datn wi l l he recorded at several 

receiving points , and these must hs properly matched and 

evaluated In the data reduction process Trlangulatlon for 

trajectory becomes possibls hy measuring the time difference 

of signal reception at several receiving points or hy t r l ­

angulatlon using the measured radar range from several locations 

Time would he recorded along with the data to permit correlation 

hy the computer. Data on trajectories and the missi le oontrol 

system behavior should be reduced to the final form required 

for interpretation before the material leaves the numerical 

form In which It can be handled hy the computing system. 
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6 The Qenaua Problem 

It la only very recently that Information haa baan re-

oalrad about the oenaua problem.. Consequently, rary l i t t l e 

atudy has baas given to the census problem In relat ion to 

Whirlwind Io The following c decants have bean prepared on 

this short notice a 

The pecul iar propartiea of the census problem seem to be 

aa follows* 

a» Yery large quantltlee of external data must 

be handled. 

b. The bulk of tba work l i a s In sorting and 

tabulating this external data. 

0 . I t wi l l be necessary to transfer• aort and 

tabulate alphabetical data using the machine. 

The galna expected from the uaa of d ig i ta l computers ares 

a. Greater speed and economy. 

b. Mora efficient, etorage of external data. 

There are than two considerations In the machine* 

a* Ita internal organization, computing speed, 

and setup procedure must be such as to 

e f f ic ient y carry out limited manipulations 

with large quant It laa of data. 

b» The input and output equipment a must ba 

arranged to supply and receive the large 

quantities of data handled by the maohlne and 

to do so rapidly and e f f i c i e n t l y . An e f f i c i ent 

balance must ba maintained between the oper­

at ing apeeda of the computer and I t s input 
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and output equipment. The ratio of the 

number of computer operations performed 

to the amount of Input data received from 

tapes It much leee than ex i s t s In simulation, 

control and sc ient i f ic calculation problems. 

It la d i f f i c u l t without a detailed study to dlsouss the 

su i tab i l i ty of the film Input and output of Whirlwind I to the 

census problems, Xt may well be that an eraeabls medium such 

as magnetic tape may be suff ic iently l e s s expensive and eyen 

suff ic ient ly mora f lexible to warrant I t s use Instead of photo­

graphic f i lm. It Is also d i f f i cu l t to estimate the efflolenoy 

of balance between Whirlwind I and Its proposed Input and out­

put devices for census problems. It le always possible* how­

ever, to use multiple Input and output equipment with a s-.ngle 

oomputer. Comment wi l l be limited here to discussion of the 

Internal organization of the oomputer I t se l f . ' 

f i r s t , the Whirlwind I order code has been designed to be 

completely general and f l e x i b l e . Xhe only departures have been 

a few additions to fac i l i ta te computation on the problems of 

principal Interest . Corresponding modifications for handling 

census Information could be incorporated. Howaror, no such 

modifications seam warranted. 

The census problem reduces to a serlaa of inspections on 

externally supplied d ig i ta l information* These inspections de­

termine e i ther uquality or magnitude of the numbers Involved. 

The character of the number determine a i t s dlspooltion or the 

disposition of aooompanylng data. The desired operations may 

include tabulation in seleoted regis ters , the restorage of the 

entire block of data on an output tape, or even nodlflcatlon of 

the data i t s e l f 
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The Whirlwind oosputer wi l l perform these functions 

through the use of i t s addition, subtraction, shifting, and 

conditional subprogram ordere. Programs may be readily 

written for examining numbers which occupy considerably l e e s 

than a register length, as w i l l be the oase in most of the 

census applications, or for examining numbers which occupy 

several register lengths such as are l i k e l y to occur in 

alphabetical uortlag, Ho trouble Is presented by blocks of 

information requiring several registers in which each register 

contains several short numbers, 

The high computing jpeed of Whirlwind I should result In 

short solution tlmoe in census problems as in others- If the 

computer handles information faster than the Input and output 

devices can transfer I t , then a number of such devices can be 

used with eack computer. I t may also be poss ible to use some 

of the hlg£ computing speed to perform more complicated sorting 

ana tabulating processes within the computer,, thus reducing the 

number of transfers between tapes* This advantage wi l l become 

more apparent i f a large amount of storage capacity i s pro­

vided. At present Whirlwind I w i l l allow tabulation in about 

1000 to 2000 different categories defending upon the size of 

the tabulation and the tuaount of program required. If desired, 

this storage capacity can be Increased? 

although no tl.ough t« t given to alphabetic data when the 

organisation of Whirlwind I was pla-aed, there so ems no reason 

to suppose that the computer wil l be uaable to handle I t . 

The machine wi l l handle such data, considering each alphabetic 

character as a binary coded number which does not oooupy a 

f u l l register length? The machine wil l require no f a c i l i t i e s 

beyond those already available for sorting alphabetic data in 
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sequence F examining alphabetic infornation for scjuality, or 

manipulatlrg arithmetic Information with alphabetic markers. 

Further information on this subject wi l l he found in 

Volume 7, K-134. 

I 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.


