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com Diam ju¬ in 

foreword 

Sumuary Roport Ho. 2 

Voluaaa 1 and 2 of thla roport reviov project etatua, 

objectiree, toohnlcal dayelopaent, applications, and 

facilitlea. Volume 3 and Volume« 5 through 2?, corrsopoad 

to technical appondicec. 

Thî material, In ita proaontatlon, prosumee a 

general understanding of digital computers. A glossary 

lo Included in thin volume. The reader who is unfamiliar 

viih couiputars may find the introductory material of 

Volume 1 helpful. 

A jriof sxunmary of the project ie given in Section 

1.0, a discussion of the Whirlwind program in 2.0, and 

a description of the Whirlwind I computer in 3.0. 

Vo'Lumos 1 and 2 and parts of other volumes are new 

material not previously avallabio. Many volumes contain 

technical material from the filer,. Some discontinuity 

will bo apparent because nev text, editing, reproduction, 

and binding of all 22 volumes have been completed in two 

and a half weeke to make available information requested 

on about November first by the Bureau of Standards. 
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Acetat tim« 

AccufflulAtor 

Aiialogu« computer 

Art ti»« tic «lom«nt 

A-R«gl8ter 

BicATy digit 

4 

Binary mur-bor *y*t«a 

Block diagram 

B-S«glatar 

Bu» 

Ölo»*ary 

aimlM 

Tl’» tim« r«qul red to tr&n«f«r cumber« 
to or from the «torag«. 

Tb« mddi t« unit of tb« artthmotlc ol*m«nt. 

A computer la which mmbere are repreeented 
by phyelcal magnitud«• auch a» rotation of 
a «haft or quantity of charg* In a 
condanear. . 

The part of the computer that performa 
the actual art thmstlc operations. 

The register la the arithmetic element 
utted to hold nuabere coming Into the 
srlthmetio elenemt from the bu». 

A digit of a binary number. The binary 
ays tea usee- only the digit» 0 end 1, 
Binary number» contain an arerage of 
2-1/3 time» a« «wwy dígita a» corre »ponding 
decimal number«. 

A »yeten In which it* digit« of a number 
are the coefficient» of power* of the 
lane 2; juet &« la the decimal eyat«. 
the digits aie coefficient» of power» of 
the base 10, 

A functional nohemaUo; a drawing, or 
study which is concerned only with the 
function» of it» elemente and not with 
their phyelcal detail*. 

The register la the arithmetic element ua»d 
for holding the mltlpller, etc., 'Hiring 
prlthmetlc operaticte. 

i group of conductor» need for tran»- 
ilttlng a comp1«te number or order. 
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öl^Biiary, Continuad 

Tim ü.íUtóM 

Carry A poaalbl« overflow In a ilaí'»le digit 
ooluian following an addition. Tbe carry 
nutt de added fra» one digit colas» to 
the next., 

Chock reglatax The apéela! regl •star prowl dea for the 
trtnefer check. 

Control Thet part of the computer which controls 
the operation of the storage and the 
arlthaetlc ele» at. 

Digital computer 

SI actro static atorage 
tube 

flip-flop 

hate tube 

Higb-epeed carry 

A computer In which quantities are 
represented numerically. 

A special cathode r ay tube In which binary 
digits are stored an positive or negative 
churgas on a dielectric plate. 

A two-tube electronic device of which 
either one tube or the other it conducting 
but not both. According to which of 
thf tube« Is conducting, the flip-flop ie 
said 'to be storing a 0 or a 1. 

A Bultlgrld tube which will conduct only 
If positiv« volt figes are supplied to all 
grids. Only twc.grid tubes are considered 
in this report. 

A lyatem in which all carries In all digit 
columns are executed slaultaneouely. 

Input The equipment utod for supplying 
information to the computer. 

Master clock Th« primary source of the pulsee which ax« 
used to operate the computer. 

Matrix Bwitch A twitch for decoding binary numbers 
which operates by mixing, In a set of 
diodes or reel«tors, the outputs of flip- 
flips holding the binary number. 
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Multipl -lao^tù au»b«r A amber tiiat ooouplee »re thoa one 
reginier, u«ed for higher accuracy or 
for alpnabetlo information. 

Multiple» adáre an code Ordere In general conslat of ar. 
Inatruotlonal operation code pin* the 
poaltlone or edlreaeee of ore or more 
of the word« 1« the storage. Ordens 
ar® called elogie or multlple-nddreee 
ordere depending on whether there are 
one or more reference a to atorago for 
each operation. 

Operation control The part of the complete control which 
directe the aritimetio part of each 
operation. 

Operation matrix The Array of cc meet lone which gatee 
the control gato tube« according to the 
»elected position of the operation 
control «witch. 

Operation lining 
matrix 

Order 

Output 

Parallel tranemission 

Program control 

The array of cc inaction» whloh »uppllcs 
the selected control gate tube3 with 
the proper time pul tea. 

A coded Inetruction inserted by the 
operator and utod by the machine In 
carrying out Ita arittaraetic operations. 

The equipment used far extracting 
Information from the computer. 

The system of data Iran trie»Ion In which 
the digit« of e number are transmitted 
elmultaneouely orar teparato linee, r.« 
contrasted to serial Iran «mission. 

The part of the control which sets up. 
efcb operation prior to its arithmetic 
execution. ' 
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Titrai 

Program aouatar 

Program ruglttar 

Puisa Pupatltloa 
fraquaflcj- 

Fia gl star 

Soalo fwotor 

Sartal programming 

Serial transmission 

Shin 

Kaminjf 

Dia part of ti» computer that »uleots 
tí» aa*t ordar to be performed. 

Tim part of the computer ueed for 
holding ordere after they are extracted 
from storage but before they are 
curried out. 

bumber of puueee generated per second. 

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

Tl» multipliai associated with each 
number In the ñachi ne ueed to force these 
numbers to occupy the limited range of a 
machine register. 

Execution of consiste arithmetic 
operations one at a time. Coding is 
simpler and easier to organise where 
simultaneous arithmetic operations are 
avoided. Serial progrnnrlng is possible 
with either parallel or «erial digit 
transmission. The alternate or multiple 
programming la. sometime* ueed to increase 
computer «peed. 

The system of data transoieslon in which 
the digits of a number are tranomitted 
in sequence over a single line ns con¬ 
trasted to parallel digit transía!selon. 

Mowenent of a number in a register one or 
more places to right or left; equivalent 
to multiplying or dividing the number by 
a power of 2. 

Sign digit A singlo digit of a machine number ueed 
to designate algebraic sigh. 
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OXo»i«py, Oontluoad 

Míe. 

SiwulatíoE 

SI agí a-.Hidra»« ood» 

Stop counter 

Storage 

Subprogram 

Moaning 

Tb« rupiotc mat Ion of phywlaaX. «yatwiis 
by a ooaputer. For furtlasr Inforiatloa 
«•« Seotion 1.1. 

Ordfir» In g*iiaral comlat of an In- 
•tmotlonal optratlon ood« plu« tha 
position« or adurenaoe of one or more 
of the word* In the storage. Order* are 
called «initie- or nsul tiple-addree» 
order« depending on whether there are 
one or more reference* to storage for each 
operation. 

The binary counter uaed in the arithmetic 
element to count the wtep» in mltiplioatlon, 
dlvleion, ami ehift q»»ratione. 

That pas*t of the computer that hold« the 
numbera and order» need cy the computer. 
It 1» mfide up of a number of etorage 
ragi«tere. 

A eubildiary *e-juanee of order* which may 
be Ineei’ted in the main sequence of orden 
whenever desired. 

Three-address code See multiple- adirées coda. 

Tiae pulse distributor; 
Time pulie 

Toggle-«witch storage 

Transfer 

Trigger 

A device for distributing clock pultet on 
to a «et of lines in tone fixed sequence; 
the resulting pulses. 

The 27 toggle-switch register« making tip 
part of the tart storage. 

The transmission of a number from one 
ragioter to another. 

A ».harp pulse used for initiating' a 
switching operation. 

Word The several digits making up a number or 
order. 
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\ brojdot Ublrlvlnd at th* Maosactaitatta Inctltata of Taebaologjr 

Oarvoiaactaalaiaa Laboratory Is sponsor««! by tJu Special levies* 

Csatsr of tbs Off los of Basal Be eon rob- lb* Project 1* *»©fc«sá la 

tb* study and design of slaulatlon and control systems Involving 

htgb-speed siso Ironic digital computers. Tb* greater part of tb* 

Project effort It at present directed toward tbe design of such 

caagiutare. 

Tbe original objective of tbe Project wbea started in December 

1944 wae the construction of a simulator to predict tbe flight 

characteristics of large aircraft. Electrical analogee computing 

squipaeat similar to that used In bom fire-control coaputere was 

first proposed but wae discarded as on suited to a pro bien as com¬ 

plicated as tbe aircraft simulator. It was realised that tbe re¬ 

quired capacity and sensitivity could only be obtained by tbe use 

of numerical eoaputatlon methods Equipment and techniques origi¬ 

nally developed for radar made possible tbe necessary high com- 

Tbe electronic digital computers under investigation are eo 

unlveraal and flexible in their applications that the scope of tbe 

Project baa been extended to tin study of other problems. The*« 

other applications Include air traffic control, bray and havy War 

College combat simulators, guided ml salle data reduction, Census 

Bureau problem«, and logistics computation« Thee« new problems 

require digital computers and aseoclatod date conversion equipment 

which are no different from the equipment being developed for the 

aircraft simulator, The computers will aleo 'be entirely sultat?* 

for scientific and engineering calculations including statistical 

research. 
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S*ctloft 1.3 

ït» mo*« laq>ort&at «Ua«nl of that» «laulatloa atüd coctrol 

•y»t#«ia 1« « proparljr daalgnad «laotroalc oowÿufr, Dailgn» oou- 

tamplatad looluda provision of itorafi capasitU a af as Bach as 

16,000, 10-dl«lt dactual nuaibars and oo^utln« rata« as hl# as 

26,000 ■ulttpllcations par saoond. Daslgn and construction 1« 

now proceeding on a prototypa ooavatar callad Whirlwind 1, This 

oosrputer will has« a etc raga capacity of 2,000 , 5-dlglt daclnal 

nunbars and a ooaçmtlug rata of 20,000 unit Ipl leal lens par aacond. 

All oooip'utars oontanplatad can ba sat up for naw problems In a 

isattar of alnutes, using pravloualy preparad photographic Input 

filas.. 

Tsohnloally Whirlwind 1 1» of the parallal-dlglt-transalssloa 
type, us*t «leotrostttt1c storag* tubes for storing nuncere and 

orders, and operate# In the binary Instead of tha deoiaai nuabar 

eyatasi. Aatonatic oonvaralon aqulpaent is being provided at 

ill* preparation units so that tha human operator need handle 
only decimal numbers . 

An aircraft cookplt and control eçulpaent le being ballt to 
• tady the aircraft control problas», full scale eolation of alr- 

oraft stability »et await a larger computer than Whirlwind I. 

it la planned that Whirlwind 1 and at least part of tha associated 

simulation squipment will ba operating by January 1949. 

Sections of & Whirlwind type computing alemcut have been 

built and are satisfactorily passing tests.. The electrostatic 

storage tube, which is being developed at M.I.T., is progressing 

on the desired tima schedule . Ita etatus la now batween the re¬ 

search and development phase*. Small tubes have been built and 

have proved successful. Work is proceeding on larger tube* with 

faster operation. Special electronic circuits have been developed 
and, .are operating satisfactorily. 
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Jutoeatio olieokin« of ooi^mur operation, and inspection 

method« for detecting narglnnl operation aro helnc incorporated« 

Nnthenntioal re «oarch Into problene of bo et urgent inter« *t 

1« part of the Project work. Training in digital oonputere and 

their applicatione ie included in the Project and the M.l.T. 

«icailenio activltiea. 

1.1 The QInulation Probien 

The primary objective of Project Whirlwind le to develop 

•imlatlon and control eyetene bated on digital compute re. 

The Immediate objective ie to provide a couçuter for eimu- 

lating In detail the fll#t of aircraft on a real tine eoale. 

Ag the tom ie meed here, eiaralatlon in the eubetltutlon 

of a computational proceea for tom real phyeioal proceee. 

In flight elmulatlon, a computational proceee that eolvee 

equationa deeorlbing the flight of an airplant la eubetltuted 

for the real flight of the airplane. 

Simulation coretitutee a meane for eetting up in the 

laboratory a working model of a complex procese. Tbit working 

mod A is a meant for e tu dying the 'behavior of the proceee, 

developing equipment for controlling the proceee, and training 

human operators to control the procese. 

Two phases exist in nearly all simulation problema — the 

study of human reactions, and the representation of a physical 

system. In aircraft olstulatlon for example, primary street 

la on the physical aircraft representation but evaluation 1* 

bawd on the human pilot reactions. In simulators used for 

personnel training, on the other hand, primary elrete It on 

the human element although here again the proper physical 

environment 1« provided by the simulator. 
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Drue in* ***31203 ahow« ’,h* «Unnnto of any «lumia tor 

«/«toa. Captions illustrato tbs aircraft control and 

stability simulator. A flaxlbla oonputer wltli. oo%>l#ta 

«•xMimllty of in ta null orjganlu.tloc is pro«raa**d to sxaouts 

tbs control and ooaputatlon opsrations rsqnirsd for tha prob- 

ls«„ Input Mialtuuilans r«cslro tb* data and control cods to 

dasorlbs tha problon. In op*ration. Inputs ar* contlmously 

{'•cairsd through pbysical~to-naasrlcal oonvsrtars fro* tb* 

sp*oVallzsd Blanlation »tup. Tbsss Inputs próvida tbs 

buman variable of the pxoblea. Outputs art sent to display 

units for tbs human operators and art also recordad for 

study and rafarenoSo 

Tu* coaputer with its Input, output, and. conversion 

equipment is tha haart of tha simulation system, It is non¬ 

special iced and can serve without altération in away différant 

eimlatlon eyeteu?, The display and actuation eqplpaant is 

dasicasd for tha particular slaolation problaa. See Saotion 6.0# 

Tha computer part of the simlator is identical with that 

required in control ayoteas. 

1,2 Tha Control Problem 

Control corre oponde in »any vaye to simulation' Tha com¬ 

puter can he identical and other physical equipment may be 

similar. In control, the computer is not substituting for a 

mi a sing part of tha system but is an active and necessary 

part of tha system operation. Tbs digital computer as a con¬ 

trol device will correlate available information on the pro- 

case being controlled, will predict according to prescribed 

rules, and will actuate the desired controls and displays. 

See Section 3.0 and 6,0 for discussion of control and Its 

application to air traffic, industrial processes, power plants, 

and account lng<> 
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Tli* cr*»t ooijmtia« oftpaoUjr of an »leotronlc digital 

aaciAb* oa» 'b* utlllstd to control proco««»t «tio»* compli¬ 

cation I« bayoad tfe* »cop« of pro «ant day analogu* oontrollor», 

Th»** procoineluda thoaa wliar* tha amount of calculation 

raquirad for tb* corra lation of inf or «Eit ion 1* larga or «bora 

tba aanoitlaity of control muat ba vary grast, A digital 

computar la alto capaila of providing aoourata oonçantatlon 

for non- ilnaar cloaad loop ayatawt and can a »out« any 

logical opa rat lona aliich ara ape elf lad 

Wbara tba number of controllad quanti11«s 1« larga a 

digital computar will ba laaa axpanalva, tmallar, a nr lighter 

in weight, than équivalant amlogua control lore, «van. whan 

thas* lattar con do the wort. The ganaralHy and fltxlbillty 

of tba digital computar permite ready changa fro® Job to Job 

aa clrcuaatancee require. Tba obaolaacatoe rata on digital 

coaqiutara for control ehould be low clnca the ba»lc comjmtar 

ia indapandant of obtola seanoa of tba prooe*»«« and equipment 

controlled« 
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2.0 Tb« WhiriwlM Prograa 

Pro««nt projoct work 1« doTctod to do aleo and oonatructlon of 

tko Whirlwind l coaputar, ita aaaoolatad aqulpiaant, and U# appll- 

oatloa to problewa of prluolpal lavar«at. Th# Whirlwind 1 aqulp- 

Bioat is bolnu doalgned as a prototypa of tha «yata» •« lac tod for 

us« In ataalutlou and control. Howwror it will ha sa capacity for 

s».ay notual probloas of intaraet and for prollmiaary study of aora 

couplax protlaaa. Particular attention is glvac to en^lneorin« 

deslipo, packaging, nersicln^ ea»«,, chscking,. and troubla location 

a*w dasigns following Whirlwind 1 will Increase aachii» oapaolty and 

reduce phi"*leal «ira. 

Tha moat Important mathematical problou» are being formulated 

and oolad Block diagrams of the Whirlwind 1 computer are nearly 

completed. hl«otro«tatlc storage tubes will be constructed at the 

3arsam«chaul sa a Laboratory. An aircraft oockplt oosçlete with 

Indicating instruments and control forca loading servos is being 

de a igned., 

Sylvanla kleotrlc Producta, Inc•, is designing parts of 

Whirlwind I and will conatruct most of the ayatea. 

Photographic Input and output equlpraont will com« from tha 

lastman Kodak Company. 

Over 40 stuff members ara engaged In Project Whirlwind work 

et H.I.T. To house this activity, HIT has recently purchased 

tha harta Building on Massacfati aette Avenue to permit expansion of 

the Servomechanism* Laboratory facllitUs- Section 10.0 treats 

personnel and facilities In detail. 

Training of new personnel In the design and ute of computers 

is an essential part of the program. Training and academic work 

are discussed In Section 8.0 
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A loa£»r*ac» vlowpoint hmu U<*n adoptad, «ík! Btra»» büi 

l>**a laid ob obtalatujj th* propar o'ii^oiiaata for a eoaiputlnf 

laachlaa of parforaaaoa and, aitxlaua raliablllty. A parallal- 

âíglt traaualaaloB «yataa ralbar Iban a aarlal ayataa baa baau 

adopted aa woat Mtlsfaotory for tba Wblrlwlod raqulraineiita, 

Llkawiaa, >ba ay s ta a la bala^j daaigaad around alaotroatat 1c atora-g^ 

tubaa of new daalgn rather than the lea» aultable atom«» coa 

ponant* aXraady ln axlataoc« 

Maguillo intaraedlat* atora,g* a» an ara sallo aaclua aay ba 

required lu certain futura applloatlona of the Whirlwind ayaus 

Magnetic aludia a ar# ba Ing conducted aa part cf taa pro gran, and, 

equipment doxa loped at other coaputer re ee ar oh datera o an be 

utlilted la future applloatlona» 

íhe Whirlwind I compaar will be followed by Whirlwind II, 

plana for vfaloh are not fully e*tabllahed„ The Whirlwind II co»-- 

,,,-uter ha* been tentatively ,referred to aa having a register length 

of 40 binary digits rnd & ai orage capacity of 640,000 binary dígita» 

îbesa tentativa «peclfioatlona will be rerleed to fit the probla** 

of greatest Inter« et before final .design It andar taken. The »ore 

pressing problems In simulation and control Indicate a taachlne with 

a shorter register length than ox tglnally planned.. The next daalgn 

following Whirlwind I 1» expected to have a register length longer 

than 16 digits of Whirlwind I, and équivalent or higher computing 

■peedt In physical fora it will be mich more coamot and may be 

••■t-JBObll# . 

2.1 hería* of Preliminary Investigations 

Tha evolution of the Whirlwind Program la illustrated In 

brawlng A-31192. The contract was undertaken in December 1944, 

for the development of an aircraft stability and control analyser 

baaed on analogue computing equipment. This work 1« reviewed In 
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íalmm 3, äoantur/ Saport No» 1» Approxleiatoly aln# liwtiib* of 

•tud,f daiaoDatrst«d IhAt aoiklo^u» ooaputet Ion wa* ua*ult*d to 

th* aircraft »iMiLatloa problasi. SufficUnt aoaloga* »■putin« 

•<jal]*#ot for »alutloB of th# alrorai t aquatioaa oi/uld not b« 

a*M»bltd luto ou» worJciftfi unit, ïïi» raqui rod non-lloa&r 

fuño,loaa of »«varal vartabla* provad a «pactally difficult to 

cr¿unira on an aniilo^ua ooaqjutlrqj baal*. 

In tha fall of 1W5 digital ooaputatlon wa* raoognl**d a* 

tha only probable aolut ton to larga-acal# tIsolation probleaa. 

Dlacnaalon with Dr, H. H. üoldetlua, than with Ajrujr Ordnanca, 

and with Dr, John von Nauaann of tha Inetitut* for Ad vanead 

Studj' wert ««paoially helpful at thl* period of Project Whirlwind 

dav# opmont By April 1940 it va a concluded that the aircraft 

liability and control analyzer could 'be handled by digital oc*~ 

putat ion. 

During th# oourae of the digital coaputar étudias th» atr- 

ornft dtaulation problaa vas invaetigated by sambara of tha 

áervc aechanlam* Laboratory, tha JUronantloal ïnglnaarlng Départ¬ 

aient, and the Mathematic* Department of M.l.I. 

The numerical range* of variable* In the aircraft problem 

«re Inveetlgated and are reported in Vo luma 14, a-49 The re~ 

aulti, of thl* work formed the baols of a «cale farter study in 

reducing the aircraft simulation to digital computing machine 

terme, .An actual airplane model was tested In the Wright 

Brother« Wind Tunnel to obtain the data necessary for complete 

aircraft simulation. The wind tunnel data required 1* much more 

extensive than normally taken in engineering «tudle* of aircraft 

models,. The results of these wind tunnel studies for the particu¬ 

lar model under test are given in Volume 14, B-98, The «quation* 

of motion selected to represent an airplane are given In the 

appendix to Volum« 3 and in Volume 14» The equations Include 
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m&ny fuñotlona of »»roral vai-iablou to bö mohauj'öd V/ wiafi 

tuûu#l 

lîtu» oojíiplst© u«t of flight títju*tloaü for aircraft ela»-- 

latloa vara codod la tho toruss roqulrad for a aorLal typ» digital 

oo0put»ro Thia coding le wammriaed in Volum» 14, C--15, ana 

formed tli« bauis for ¿«ta bl iah lug ra qui rod atoras» oiij3aoity arid 

computing ®p««& in a digital HiiEchinac It found that a 

mltiplioatlon timo of 50 mloroaeoonda or loa», Including 

trenafara, would ba required. To permit «ufflolantly rapid 

aooaaa to atorad data, th* fonction t&bloa for prawintlng 

tb.® aircraft aruat ba atorad In the hiigh-opood internal memory» 

A storage capacity of at loaat 10,000 aurtiborB of about 30 

binary digita each is required to contain both the initial 

data and the controlling program, 

A aerial type digital computer was. first considered and 

was discarded in favor of a parallel machine, A cosiparison 

of parallel and serial machlneo will be found In th© following 

section» 

Selection of digital computation for the aircraft sinu- 

latlon problem opened up vast now fields cf application for 

the equipment under development» The®© might bo divided into; 

A» Simulation 

B, Control 

0. Calculation 

üha applications to siMulntlon and to control are of 

principal interest to Project Whirlwind. However, a natural 

by-product of th® equipment necessary in these two fields i® 

the computing oquipnwmt required for calculation in engineering, 

soisnos, and economics. 
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Simulatiou 1ü diötlnjjulihed i'rom üthar applioatlono at 

Computern prlaarlly by the preaeuce of huma belnga In th* 

proctaa ba lug studied, tuid by the ufeoeeelty for a real-time 

«cals of th® solution» Theeo two overlapping a«p*ot# of 

eloulation can bo divided into (l) human re opone» etudUs 

part (2) étudias on pliyuloal eystems* Simulation eaibodlte both 

the human and physical olomentB in varying degrees* ^ mili¬ 

tary tactical or combat olinulator might 0» primarily con¬ 

cerned with command functionn and the training and evaluation 

of psraona reeponsible for dooielona» The origínjil problem 

of aircraft simulation mast on the other hand atrase the be¬ 

havior and reality of the aircraft as phyeioal B-fjulpmont» 

Th* field of control 1« a broad ono, including suet di¬ 

verse applications as air traffic, chemical prooteseB, mili¬ 

tary equipment, power station®, and fiscal control or accounting. 

Aa icdicated in the figure, moot practical problem» involve e 

combination of aaveral of these divialont. 

Th® greatest long-rang® contribution of computing equip¬ 

ment may b® in the field of calculation relating to engineering 

and to the phyeioal and eooial aciano®0» Th® groat®et amount 

of equipment will0 however, find its way into th® simulation 

and control functions» 

A prototype 1® oonoidered mo®esary for initial design and 

application étudiés of a parallml typ® computer* At* with most 

digital computers, a small mao hi ne ie impractical to build*. 

One* a satisfactory control system hae boon established, at 

least half of th® equipment nacoafflaxy for a useful computer is 

In existence. Th® Whirlwind X system has boon deaignad ae n 

compromise between a email computer for study purpoeoe and a 

large machín® for handling problem» of immédiat® interest. A 
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BWill maohln# of the paxallol tyi)« meanis a ttliort uujaher r«glti¬ 

ter length« The regleter length of Whirlwind I we* eelected 

to give a Bntiefaotory order length for controlling the d*aired 

asaotint of atoraga and for providing a eatlafactory nximhar of 

control operations. The nambar or word length le 16 binary 

dígito, Making pooeible the control of 2,048 storage regletore 

of 16 binary digite oaoh and making available 32 control orders« 

Whirlwind X will incorporate nor® internal storage than any 

«ixletiog oomputer. It» storage capacity and «peed are ®att»- 

faotory for Initial studies in aoet simlatlon and control 

problema. ïor the uao of Whirlwind I In the study of aircraft 

simulation e#® Volume 14, M-148 and iM3ß:, i'or the relationship 

of Whirlwind 1 to air traffic control, ose Section 6.,1 ln thl« 

volume. Studio« to date indicate that a high-speed computer 

of th* Whirlwind type with 8>o,üi»yhat greater etoraga capacity 

and ragluter length tlian Whirlwind I will probably be boat 

suite! to moat simlatlon and control problema« Because thee* 

saachiaea oan bo operated with multiple-length numbers for higk 

pro ci elan, they will likewise »et most computation requirement*« 

2*2 Parallel versus Serial Computer 

An «tensivo otuly of serial computing ayetems was o&de 

before solectlng a parnllsl system for Project Whirlwind:, Some 

of th* re fruit o of this serial study are outlined in Volume 7, 

ä-24» The «erial machine considered used a throo-addroa® codo 

In order to obtain higher operating speed. Multiple-address 

coles are less Inefficient than a single address cod* and ara 

considered undesirable. To obtain the required computing 

speeds for the Whirlwind problems, tha mriohlne on a serial basis 

becami# much too complicated. 
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A h*avy oomputlng load «xiata In noarly all »Imulation 

and oontrol prot>l«ia» í>oln¿ ooxiBldaMd« Whore a computing load 

«ui'i'ioiont to occupy tho timo of a hli’h-opoad parallel machine 

•xiotie, it oan he aliovra that tha paral:al computer usies Ite 

circuit compoaontB more efficiently thaï* the eorlal eyetem. 

Xn any practical auichino, tho parallel cotaputer ie 

largor in phyoical ais® than the aerial. However,, ae ehown 

holow, the computing capacity per unit of circuit componente 

ie much higher in the parallel than In the serial machine » 

Although larger, the parallel machina le actually no more 

complex in organisation and arrangement than th® »erial 

mach.n«, aine® both muat have a control capable of carrying 

out th® same typos of operations. The eerlal machine tends 

to b<i composed of many different typea of electronic circuita 

whereas tha additional »iso of the parallel machine require® 

only duplicating circuits, especially In the arithmetic element. 

äffioieaoy in the aerial machine is low because circuit 

component a can be used only a raaall fraction of the time. 

During much of the operating tlm®, circuit components in a 

serial machine using delay type storage are inactive while 

waiting- for stored quantities to oeooma available at the out¬ 

put of the delay unite. Efficiency i® further reduced in the 

«erial machine bocauee the rather complex control equipment 

capable of carrying out high-speed operations is inherently 

limited in its spaed by tho associated storage and arithmetic 

units. 

The following tabulation is set up for a computer typical 

of those which say follow Whirlwind I for many eiaulation and 

oontrol problème. Two thousand storage registers of 20 binary 

digit® each àav» been selected for discussion. Estimates for 

JÍátha«riln¿HUaü¿.diri«WAlh^btiriin.ha^aui)H.vmimiwiü.iil,..»I,., ¡...i,.... ... -....... ... ... 
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tub«.« ln th» parftll«! u/«ti>a *r* obtain»^ from tb» fl«ur*t 1» 

Voll* 16, »1-132. TwBty-flT* p*r-«at b*» 6et>n adáoá to the*« 

Ult*. u««d in part» of ;h« «yttem whlob wuld l» InoreaMd 

fruin 16 to 20 unit». Tb» vaoau»-tub* flip-flop und vofxl*- 

•vl! oh •tora«« liiMrted ln vfhirlwlnû I for taot p«rpo»*B 

iiiivt t)«*n omlttad. M»ltli«r the parall*! nor wrlal e«tlaat« 

Includ«• input and output «qulpwiint, Blnca typ* and nuclei' 

algíit be •peoial to the particular application and would be 

need at ooxpa-i'able efi'le lenciee in the two machine*. In 

*oac claatee of protlem», the parallel computer can control 

and effeotively um a larger nunber of input and output unit* 

thaï, can the ««rial computer. Betlmate* for the «erial «rutéis 

are bated on the beet available 'information, and are approxi¬ 

mately correct. 

Parallel Serial 
(ïfltlmate t) 

Tubes in Control inoluding 
Storage Switching 1100 &0Q 

Tube« in Arithmetic Kiement 1300 300 

Tutee in Storage Syatea 600 400 

Total Tub«« not Including; 
Input and Output »00 1200 

Multiplication* per eecond 20,000 1200 

Multiplication per second 
per Tube 6.9 1.0 

Efficiency Hatio Serial l 
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It will b» a«an froK the#« figures that a BUffl- 

oHnt aoisputing load axlsta» tb« parallel ayisttíja ehowa 

appi-oxlmataly a 7 to 1 advantage over a serial system In 

capacity p«r TaouuM tube» Sine® the typ«® of circuito a?t 

elaiilar in alth®r caá®« the number of tub®a can b® taken a® 

a reasonable ba«i® for comparing total coat» 

Other aooondary advantagoa acci*u® to the parall«! machinoo 

The daeign, can bo readily sxtondod to mor© digits par word 

because timing' and control does not depend on word length as 

in supersonic and magnetic drum storage of the delay type.. 

The roglgter .length can ba increased by almply adding equip¬ 

ment for tho extra digit columns. High speed Isi obtained 

while still maintaining the earlal or step-by-step programming 

sequenceo This, along with the eingle-address code,, simplifIso 

problem eetup and ccdlngo The simultaneous availability of the 

setup and coding. The simaltanoou® availability of the sign 

digit and the entire numerical value of a number i® advantageous 

in reducing computing tima for certain operations. for trouble- 

location purposes, the parallel computer can be moro readily 

operated on a pulec-by-puls® basis from a pueh button control» 

Operation of the computer below a certain maximum speed 1® 

indépendant of repetition rata, and close temperature control 

i® not necessary as with rnsremry delay lines» 

* 

:___. . ....._:_....-.- ' ■."_ 
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3.0 Whirlwind ï 

Whirlwind 1 la a prototype» computer boiiifc oonetruoted to teet 

the anginaorlAj' principios of the Whirlwind System and for research 

luto computer application«. In Whirlwind I will be teetad tho re- 

Bulta of the rooearch and englneerlne design reported ln VoIumob 3 

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

next auction, Block: ¿1agramo for the arithmetic and control uni ta 

aro completo in Volumes 5 and 6» Detailed block diagrama on input 

and output and on storage are not included in Volumes 5 and 6 but 

are outlined In Volume 7. 

jfunotiana in Whirlwind 1 have boon 00 divided that re search 

and development of the arithmetic and control unite can be entirely 

Independent of the hlgb-epeed storage. Wore rapid progrese le 

possible where the groups working on these two divisions can operate 

without continuous and detailed coordination. 

Sylvania Electric Products», Inc., In Booton is contributing to 

the final engineering and the construction of Whirlwind I to the 

maximum of Its ability. The Eastman Kodak Company lo doveloping 

the photographic input and output devices which will be used. 

Drawing B~311:02 is mi approximate time schedule for the Whirl¬ 

wind I system. It does not include general, activities such as mathe¬ 

matical and. coding studies, or research which Is not a necessary part 

of Whirlwind 1. Electronic aoeembllee are expected by the summer of 

1948, storage tubes and circuite by fall, and complete ay stem oper¬ 

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

with a 5-dlglt arithmetic elemento 

3.1 Description of Whirlwind I 

Whirlwind I 1® an electronic computer using parallel binar;; 

digit tranomlBslon. To make problem coding aayf':, operations er« 

_I___I_ ... ... .. ,1,:...,.. . _ _i_I_,_ 
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peri’onned one at a time In eerlal order, i'or eiiaijllcity and 

atorifi© economy, a olngle-address oode is used. In general 

the code describee in ita two sections the storage register 

location and the control operation to he performed. An 

exception is made in shifting, where the register section of 

the order Indicates the number of positions to be shifted. 

A register length ie 16 binary digits, and the computer 

will have a atorago capacity of 3,045? registers. 

Operating time for the different control orders does not 

vary greatly. It le primarily sat by the storage extraction 

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

A complete multiplication including all transfere vfill require 

about 50 microseconds. Future designa should require less time 

even though register lengths will be longer. VMrlwind I does 

not computo while electrostatic storage Is being set up; this 

overlapping may be incorporated in futura designs. 

The 16-dlgit lengtn la aatisfactory for many simulation 

and control problems. Three special orders are provided for 

convenience in the use of multiple-length numbers. These 

apodal orders are described briefly in Volume 7, M-137. The 

sequence of operations to be executed by any one of these 

orders Is optional and can bo selected by the operator for stysh 

individual problem. They can for example be usad for double 

or triple 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 

essentially special, program orders requiring loss than .he 

usual number of steps by the operator. 

Numerical input and output, will bo from 35-,na photographic 
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fila, ümphlaal output plotted, both m fxmctlon« «giiia«t r«nl 

t Im and at one earl able plotted agalnat «no tiver will be pro»' 

Hided, feral) lea of curre« can be traced end photogropbloeliy 

recorded. Important In elmuletlon problem« 1« the ability to 

aooept Input« from physical aeaeureaent« and to oontrol «peci el 

output Indicator« end «ervoraeahanlerac. Contortion wqulpoent 

will be provided for convertía« theft posit ion« end. electrical 

■Ignale to binary number«. On the output, binary quantities 

will be converted to Instrument Indication«, cathode ray tube 

dAflection«, and control voltage«. 

Thirty-two oontrol order« are available. Many of the«« 

are dl«ousted In detail In the Block Diagrama, Volume« 6 and 

6. Additional oner are dlucueeed In Volume ?, M-137, The re~ 

natnlag ordere are available for &eBigornent In the future as 

required. The eyater 1« w designed that epaclal orders can 

be readily added as needed. 

Design of the computing circuit« stresse« reliability 

and the wluaet operating margine consistent with the required 

performance. 3ven though operation is poaatble down to soro 

pulse-repetition rate, direct-current coupling between vacuum 

tube etagee has been virtually eliminated. Wider component 

tolerance« and better reliability result iron the a-c coupled 

stages. This Idea, referred to a« restorer-pules operation, 

1« a most Important advance in confuting cl rouit deelgn. It 

Is dl«cuae«d in Section 4.34 and Volume 15, 

Whirlwind II« being designed for maximum mocase to 

electronic circuit». A* dl «cuseed in Volume 13, M-147, com¬ 

ponent» are laid out and assembled on flat panels. The pahele 

are similar to those of the 5-dlgit multiplier, photograph 
fB-266, Section 4,0, Unit» will b« housed in cabinet» a« 
shown In the illustration. Cabinets will be arranged as 
shown In the Drawing B-3101G, which le further discussed 
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ßtiotlou 6^5 

6»6 Tb« QaßMUB Problta 

Xt la ouly T»ry recently that Infonsatlon has bean re- 

calvad about thffl oentu» probl^sso Coneaquently¡ very little 

•tudy has been given to the oeinue problam In relation to 

Whirlwind lo The following coaa^enta have been prepared on 

this short notice« 

Tfe® peculiar properties of the comma problem seem to be 

as follows« 

a« Very largo quantities of external data mat 

btt handled - 

b« The bulk of the work ll»® in sorting and 

tabulating this external data« 

c it will be necessary to transfer, sort and ' 

tabulate alphabetical data using the mchlnc« 

The gaine expected from the use of digital coaputera ares 

a« Greater speed and ooonoay« 

b» More offlcient atorag® of external data« 

There ar® then two oonoldertitlons la the machine î 

a« It® intarual organizations computing speed,, 

and setup proeödm1® met be ouch as to 

efficiently carry out limitée manipulation» 

with large quantitioo of data, 

b« The input and output equipment a muot be 

arranged to supply and receive the largo 

quantities of data handled by the mohíno and 

to do bo rapidly and efficiently. An efficient 

balance must bo maintained between the oper¬ 

ating speeds of the computer and its input 

|>|, lilt liM^Ulikkaiuaj.. a*U 
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Section 6.6 

and output aqu ipiaaut >. 'iîjfi ratio of the 

nuabor of computer opurations performed 

to tl» amount of input cuita rooeived froa 

tapes 1© much lees than exists In aimlation, 

control and »ciantiflc calculation prohleae« 

It ia difficult without a detailed study to diseuse the 

suitability of the filia input anc;. output of Whirlwind I to ih® 

census problème» it may well ha that an eraeabla medluni such 

aa magnetic tape saay be uufi'loiently loss e^qwnelve and even 

suffloiently more flexible to warrant it a us® instead of photo¬ 

graphic film» It Is aleo difficult to estimate the efficiency 

of balance between Whirlwind I and its proposed input and out¬ 

put devices for census problema» It is alviaye poseible, how- 

siver, to use mltiple Input and output equipment with a single 

computer. Cornant will bo limited here to discussion of the 

internal organization of the computer itself» 

Fixet, the Whirlwind I order coda has been designed to bo 
* 

completoly general and flexible. The only departures have been 

a faw additions to facilitate computation on the problème of 

principal intsrast. Corresponding modifications for handling 

census information could be incorporated. However, no such 

modifications sasm warranted» 

The census problem reduces to a serio® of inspections on 

externally supplied digital information» Th»®s inspection® de¬ 

termine either equality or magnitude of ths numbers involved» 

The character of the number de tormina a its disposition or the 

disposition of accompanying data. The desired operations! may 

lno?.udo tabulation In «looted registers, the re storage of the 

entire bloclc of data on an output tape, or even modification of 

the data it self» 

_•_ It liilill. ..Illlllli,.; -f.i.Hül.i I.. I fi ,i . .W.l ... ...--I'-.-:« .'¡.'i. .■h.:i!-i,lu.lUi>LluiiiiUJii.i..-..-.:,1., :.. ,., ..:. 
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jiKif'te'Ä'lMS. ffBt Kl • Um* tu Merl ul ard«r. ÏW MWl' 

»i-ori** mmmv* » «,lto iB 1,1 I!*®**1'*1' 

Hu» »da ia tfti **ottojat %h» •'!«:««• r*#®*« 

location mA tfe* «»rtwsl opormsion. to I** porfoi»#«. to 

•sooptloß 1» 1111(1,0 la. »MfMa«, wtour« là* r#ffi»t«ï »•ctioa o# 

ti» oritr i,adloat«» th» itsuibtr of poaltlono to fe» nliIfloA. 

A rociotor iongtfe i» 16 bliwry digito, *»i tli® o.. 

'»ill tuno« • otofogo o«|»aolty of ¿i,Otó rogiitoro. 

% «retiñí ti»» for ti» ál:fí*x«ot oontroi ortarai do«« not 

fi^ry gftetl/* lt io ¡ífiiiutr’l ly oot by tli* •torn®« ojitxiiDtioa 

H**, %b» ii»o*««,*a!y triiiiifar»» mkI. te# tr«i»£*r olmik t«qtt«c«. 

à cooploto Bultiplioatioo inolndiM «11 traaofor» olll requlr« 

ISO iiioroioooind», Ihatwrc ahould i**qnir« l«*« M» 

thoa# r«ii«t#r length» will t# longer, tfhirlwlni Î doe» 

not ooepate «hilo eleotroetetio etorege 1«. being ml «i>; thl« 

overlgppini '«iCf te# laoarporeted. in future de»l,p,«. 

the 16-digit length 1» setUfeotory for «i«» eiwulftUon 

mà control pxofeleee. Three «peoiel ordere er« proTided for 

. cotnrealecoe la the a*e of «altipie-length «Mber», Th»»» 

(Qieolal ordere iwr# deeorlbed briefly ln folawe T, The 

wpance of operation« to fee ercecuted fey eny one of thee* 

ordert le optional and oan fee «elected fey the operator for each 

individual problem.. They oan for «au«ple fee 'veed for double 

or triple length operation« of addition, eubtriwation, and 

multiplication. On the other hand, they aight be need for *»-, 

traction of foot*, carrying out interpolation Mfuenoea, 

integration, or performing natrix operation«. They m?» 

eeaentlaUy epeclal profljran order« raqui ring leaa then 'tha 

ueual nueibar of «tepe by tha operator. 

* Uuawiioal iagput «na. output wl*l be fro« '36-«a :pl*togr«pM,e 
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fito*, tmipirti, 51,,11)1.1,1(4, Iwnà m funcMtlain« m«â. 

má m vm »«riiihil» ;p.lott#i «caá.,n«'l «oilwr will b« prtt» 

'tMiiá, y«lU«« af oait»* o«» b# %rw>«á «41 ptotoigriiííifcle.ill.jr 

XqpoxIiMl la, Blmdwlloa praMw»» i* th» «íbtlitj 'to 

.«»•pi Input» pitqr'iloA iMaaurauttUt« cnA Io «»tirai, i¡p*eial, 

#«.%(»,I iaáloator« má .. ..«loin MpdpaMHit 

will li profiáuá for o.. «hafk potítloa». «M, tXinwitiioiil,, 

wl«iial« to Míuury tttmlMMr«. On the output, M„u«r| quanti tie# 

will fc* oonwwrteti to ln«traMnt iadioutlo»*, outboA. r.y thta 

4ifl»otloa»., «Ml oonte»l wlliiu**, 

Ihirty-tw oontiwl order« «re «wnllahl». Maiijr of tbeee 

« dleoueaed in detail la th® Blook J)iagram», Volta»»« 8 iad 

6* Mditlonal on,*f are dleouaeed in Volnee ?, K-lîW, It* »#- 

»«àiiíiig order* art available for «»«igtMent la, the future a* 

required. ®i* «jrtittia I» «» deaigned th«* epeolal oidere oi« 
he readily ^ded, m aeeÄed. 

Bertgu of tto oo«|iutlng olroulte •treemm Mliahillty 

and the wldeet operating ««riiiiM ooaeietout with the required 

perforeaace. Sven thou#) operation le poealhle down to *ero 

pulee>repetition rate, dlreotoeurrent ooupllnf between vaomn 

tube et ages haa hew virtually eliminated. Wider ooiqponeat 

tolerenoee end hotter »liability »«ult from the »-e ootpled 

etagee. ^bie idea, »ferrad to ee »etorejvpul»« operation, 

le a mat Important advance in computing olroult dealgn. It 
1« dlaouaaed in Seotlon 4.34 and Volwa 16. 

Whirlwind I la being deelpied for mealaaw woe«« to 

eleetrwdo circuite, de dleoueeed In Toluae IS, M-I47, oom. 

ponente ere laid out «id «««amblad on flat panel«• ft» pakel» 

a» «Ullar to thorn of the IWUglt noltlplier, photogr^h 
n-9Mt Sootlon 4.0, Uni to will bo hiouood in cabine te m 
tilMwi in the llluetntloiï. • Oabinate mil be crr««i|{»a » 
«hem la the Drawing »-SlOlfl, which la further d! ecusMá 
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1» fol*«»' 13, *»68. tfa* ooapuwr i» » Brr«o**d that «Il 

olronlt« «f» avallabla for taalln« Ail» 1» oparatiou. Aboat 

X.0OO aqaara f««t of floor «piw» All b* ooonilaû ly 

fhl«iLwla& I« Wt* n*»» coiopoMot* arrancad luto tlw daalg» 

K^«ng propoiwd for Whirlwind II would ba la«» aooaaaibla bu* 

wiilá 00011V «aoh !»•» if»** Both aroa» «'• auBlualw of 

powor oiVpUa« and ooolts« atulpaatt. 

Aoiii 3,ÎS00 Yaouw tuba» will '1» uaod. la Whirlwind *, 

Tolmo 16, *-133, tabula*«» thoao by function. About «0 

tub"'« ara uaad in ta»t «tora^o to facilitât« tf» daalgn and 

inatallation of WhlrlAad I, ïa»t «tor*«» would probably 

not b* uaod in futura machina». tha control da«* for 

»M ri A ad lia il luatratad ta brawia« Ar-31083. Datailad 4a~ 

a*n la «t yat doua. Mo at of th» awitoha« und Indicator« ara 

for chocking and troubla location, which will b# dlaousaad in 

öootion 6.0. A taa-koy dooinal-input keyboard la illnatratod 

M pm.« of the operator1» ooaaola, and. a olow»-up 1» nhown la 

Drawing *>3UB8. 6oim «pplicatlon« may roqulra a keyboard of 

typewrit#» or talatypo atylo through which coded alphabetical 

information can ba handled. Beth mmbar« and order» All be 

inaartad through the «ame keyboard. Au order button la mead, 

to indicate that the «unoeedlng decimal digita muat ba coded, 

into two groupa, one for the register location and one for 

the operation order. Identification aymbol» for order« All 

be ohanged fro* the preaent elphatootlo notation to deoiaal 

notation, or the alphabetic oode for ordere All be selected 

eo that it can be put on the keyboard along Ath the deAmtl 

digits. 

3,3 Diieortptlon of Arlttaotlo »le*ent 

Mhlrlwiad I uses a hlgh-v>aed parállelHÜglt pulse-type 

arlttaetlo eleaent. A complete ditoussion of IMs erithmtio 
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•iMMuat om I)« found 'In tbo »Look ülntfrna tt#>ort, B-137, 

VoIom« 6 *aA 6. 

VIm wrlttanntlo «ItMnt ooa.iltt* büloally of an 

•ocnaniator établi of hAAIo« binary nwbari. AttoclaUd 

«Ith tu« «oounalator ara two «adltlonal raglttort a«ad. for 

tiw taaporary atora«# and miwlpulatlon of manbori InvolrtA In 

otter arittsuotio oparatlons. à ooantar, control «ato tubaa, 

and oontrol flip-flop« ara alan part of tha arltteatlo alenant. 

laofa. ata«» of the aocuBOlator conalsta of two flip-flop a, 

ote nstln« aa a binary canutar for fornia« tha addition and 

tte »«con motín« »• a taoporary atorage po alt ion for tha 

carry. Tte anmnaalator work» in a et*p~by-at«p faahlon. If a 

binary ntnbar originally raaldaa in the aocuaulator and a 

aaoond numbar,hald In ona of tha other regietere of tte 

arltteatlo elenant, la added Into tha aconnulator, tha mm will 

be fomad by tte adder fltp-flopa. Tte carriea, If any, will 

be atorad In tea carry flip-flaps. Thle notion 1« pnrnllalad 

In all digit ooltmas and la aooo«q>llated by a olngla oontrol 

pnlao from tte nain oontrol of tte computar. A aacond atop 1« 
required to perforo tte carry bafora tte final ou» appears in 
tte noonaulator. A high-apead carry erstem la proridad in tha 

aoouanlator for parfondng tte antlra carry in ona atop. 

Tte aoounalator la alao uaad for parformlng tte other 

arltteatlo oparatlona. Subtraction la parforoad by tha uaa of 

ooaplaaanta, taultiplloafeion by auooaaslTa addition», and 

dirlaion by auooaaalra aubtraotiona. Tte nultlplloatlon oper¬ 

ation oonaiata of tte repetition of throo euooaaaiva etapa. 

Tte flret atop edda tte mltlpJloand to tte partial product 

aooordlng to tte alaotod digit of tte taultlpliar. Tte aacond 

•tap ahlfta tte partial product in order to align it properly 

w&tb tte teLtlplloand. tte third atop parforoa n carry on tte 
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psrttáL piroèiwl. To ap««d 'up ti» «implication oparatlon la 

Wkl:rl«lM 1, thaa« laut two atop« ar* oombLaad* A análl 

Mirla; awitoii ln aach digit ooliu« parforœ» both tba ahlft and 

ti» oarey in OM «tap. Batalla of thla method will t»a found 

in 'foil*# 6, Tina 1« torrad by omitting thn addl.tlon oparatlon 

if 'tha mlllpllor digit la taro. A further «paed, 1m«ta.»« la 

obtain#* by aupplylag tte ar&tbaotlo aimant with cloak pula«« 

at a htgbar rapotltlon rata than to tha ram aladar of tha 

ooiqmtar. Tha uae of high-«paad carry In addition, and tha 

naa of hlghar repetition froqnonoloa and combinad oparatloaa 

In multlplloatlon, reault in arlthaetio «lenient oparatlon 

tin«®a which are oomparab) a to once«« times of the olootroatatlo 

« toraß« bain« dawlopad for Whirlwind I. 

tha obaraotori at« -« of tha ar&thMtlo eleiwBit may b* 

«»warliad aa follow#» 

1. para! lal-digit, type 

2. pulae-typ# oooumlator 

3. hlghr-apead oazry 

4. combinad ahlft and carry for muitipllcatlon 

B» higher rapotltlon frequency for the 

multiplication operation 

The atop-by-atep or pulaa-typa aooumulator haa bean 

aalootad rather than tha balancing or our rent-adding type of 

later. The pulae typo la oonaldared more reliable, faater, 

Man able to troubla location beoouoe operations occur 

one nt a tin* In roqponaa to oontrollabl* inpulaea. 

3.3 Doooriptlon of Storage 

XLootrootatlo tuboa haws boon ohoaan for tha Whirlwind 

computar «.gb-apaed Internal atoraga. They will gXra Imedlate 

aooosa to ator#d number«, are anltabla for a paridlal type 

t, and oaa bo daweloped on a time aohadnle ábreaat of 
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tthi ôter eoipiwiilii, 

tub«« («*« Um d»fl«o%lon tjrp* a«ia« Ih# hi«hrir»Xootitjr 

tnum o#' a oirtlwd« ragr gun for randla«: «Qá wrltla** 

lam* pitu» «ad mImm algpiäii *r# r*«d out of thm tubo» 

oorraqpoaAlag to tl»* fllglt« 0 «d 1. rolliiMitty Is 

Wm* 01101.1014, tlun fra* s uto mg« gytlUn usloi; tl» p:rn»*uat 

Má mb***»* of iigiiAla «■ «a Indio ».tor. 

A brti*-: «jqjlaiifttloa of tl» tab* It r«proAao*d h*r* from 

Volt»» St M-130. Aã •hmuktaary «lootrod« arrangomnt with. 

out holding gnu 1* lllnstrntod In Drawing A-30093. for 

•livtllolty tt» «a^liuAtlon !• Btadc in tanna of Inpat awltohl%:: 

on te» «lignai, grid. Aotaally. ohanglng the potential, of tbie 

grid will, affeot tte dafleotlon aanaltlwlty of th» feo.be and Ip, 

praotlna 'the grid in front of «h* «artsoa 1» grounded *oá 

ea well «a output nignala art featcan tturou# Um 

algttal plate. Defleotion plat«a position, the «JUetroa be«», 

prior to Its 'being turned on, to the point on the dleleetrlo 

anrfeoe at whloh writing or reading la to take plane. 

the dígita 1 and 0 are written a» poaltlvwlj and, naga- 

tlwwJy charged axeaa on the dleleetrlo eurfaoa at th« point of 

bean lapflot. the dleleotrlo aurfece must haTii a iwoondary 

eadsalon ratio-greater than unity. (A ratio of two or more i® 

dealred.) So write the digit 1, the algnal grid la made 

poa&tlwe to collect aeoondary eleotrona from the dleleetrlo, 

reaultlng In a pcaltlve «turfao«. Thla poaltiwe charging la 

aooonpllalwd by collecting tl» exceea aecondary eleotrona 

abowe the umber In tl» hlgbrwelooUy beam, fc writ« the digit 

0. the algnal, grid la «ade negativ«, no electrons «un» collected, 

and the wrfaoe charges aegatlwely at the rat«' permitted by 

current flew In the primary hem. Secondary «mission Is not a, 

neceaeary factor ln negative charging. 
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a»oVh:n !;!i, !• 

EMNLlilf of «ifMlit !• ponliloainii IJj* 

fif...:1! grid mlim* "l»1»'**» «»» *-« 

anâ iJLUm 4:l.«I*ol:rioi poalti1»*!/ #:r n«c«i,tl?»Il' 

Wil» "volllit#* ft« m%»mt «ipml ** %im 
%" «KkMUmvn owivll®« thxwtfr «»* ûl*l«o*rlo. 

Iwrrl***« iirtll pnbâbljr fa« laiiorpoPÂliâ «* P«*** &t 

‘»¡¡¡MWfiilleii» te 'lis# «toï»â *l¡p«i «% ftill ■•it®!'11'*4"**' 

p»fmam>* of fait« #to:r*â 1* ta««* **»* r*'" 

fWSiamtiTi» motion of « flood of lo*-«a«r» oleotromo op«r«tlM 

»a a prlnolpl* «faioh wm n»»i la th» l.C.â, üolootroQ tub*, 

il«»» OitiiiMiii tufa««* «â tli» 1,1.1*. rod*** oto r «IC* tufa«* 

ftriwfiaif **'30886 «hour« faow tl» »timt i# ofatid:»«4 

fro*, feh« hoMiw gm. A po*itiT» ar«. euU a nogati« »rua ior»i 

ott Um dlolootrl.o. fto» hoMlng gm i« m% »boot Um •*•»<* 

P0|. 'iiiiJL a* Ui« nagatlv» a*d th» »ignal grid t» *t at®'11* 

HU« poUmtliw of Um» potltiT« «r«*». Coa*ld«r th« poiltl« 

iiiiiiiiiii —ooadMy *L«otroft« »» «»itt«d and • matovt Juat »quäl 

!«► Um»«« la 'Hau primary b«a» •» coU«ct«4 by %l» «igaal «rW. 

fim other »«»aâiWT «lootroa» rotara to Um dial«otrio «orf»»»- 

If tt» «arfao» «hoald ««aid to fa«cow nor# poaitiT«, additional 

Mcoadcri«« «r» pulled bank to wAt»« th« poaitiT* oharg«, 

oMi* if ium «urfio« sbould tend to fa*oou« I**« poaitir«, «or* 

•Mondarl«« will ï»« r«p«ll«d to th« «IgnaL 'grid to rotura th» 

di«l«otrio to it« original paint of «tabllity. Oon«id«r U» 

Mffntiw« «r»** U» *r«*n i» «jpproxinatwly «t holdl.n«*guoi 

potontinl, «i- prUtarj •l«ot»n»i if U»y «trik« nt »11, will 

lb«*» low rtloolti*« •»* will ««it f«w ••oondnry «luotroM. If 

'tlMi< »fno« faoooM« «lor« iM*».tlw»„ «Il primary «Imitron« will 

'to* »fl'OBtid, mû. ohmio Unkart will raduo« the otof** to tb» 

iMlniM« point, wMl* « Um «wf«®* faeno«*« l««* nogativ«, 

«imetroA* from 'the piPliiwíi ».a*» will h«' oollootod >k» return the 

anifao« to the •tato:i« n«*rtlw* potentiel. 
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fi«:»1! to a 3..3 

Fijpr» ».X»8i tilii»irrt«* * jWMili« pfcftiaiül. formt of 

11» il and tartM! «Mtoiiitisi; tlw M,*l*-Tiilootty «taú ï»1A1h4 •laotroa 

WWM»«. it* folww 9, I*»*!®, for «dflltloiMti âliottnaio», 

fl* prooMitt itera*« tub« otatUM t» la'!*r**âii*!* b*tw»«4 

tlw raiiMUMiii má tho 4rw»io|««»:t phiw*», Op*r»tilaf prlnmipl*« 

)»?• "(iNiiiiï miiAt.túf¡uiitoi1*! 1 jr áawoaatratte lu Ui» »wiBroà I«J:«». 

totj» »«iiitflLiii to datte iKtáloate that th» «torat*« tub# will 

aoat t.h* foliswlftf 'r*quljf««»irtii wMok war* outllwNl fit Um 

liartiwi Coapotlio« Sjffip'Ott'w» la Jauatwry 1947. {folia» 9, B~llQb 

3. » Hi#, traftif«* apotdw of 6 to 6 Mio»##ooad* 

b«twn«a tratanilMlon, of • control order and 

tlw itorati® or rondin* of «, olunoi. 

A, IJtaJUp» itorant# of "both »«roa and on## a« out¬ 

put »tenait of oppoilt# polarity to proald# 

fwiat ®r »11 ubl 11 ty* 

¡I, fbn Inlwront ability to raad out a olwckln* 

•IfiMiI IätIäc «tora*» of a nmbar to Indloat# 

prop*» opération. 

4. 1 high 111151101--10-,001 *# ratio. 

5. A Midi danclty of «tor*4 algual* to pornlt 

a aa-'l^f-SS na«,*d,o of stored ,iiii»il>«r»,. 

Ö. A al.npl« nwchanloal 4asign whlcb, a*,is b# 

raadlly prod,naiad In qnartity. 

In addition to th* higlwifwiid, «iMtrouiatio »torn*«, 

iMrlvind ï will b* *qulpp#d with a bank of tMt ■ter«**, 
bui» «{MMinitw of »Man» tub«*, IU« t*»t «tor,ago wili, facili¬ 

tai« tlw taatalliktion and teatlng of tba fl»«t Kfeirlwlnd 

ooaputer. Afta» WhirUlná X i* oparatln* wtlisfMtorlijr, till,« 

♦*#t «to raft will ba uaad for tlw *40»*# of otwok problaa«., 

fctwr« XtiírlwlnA comutara will probably Ml Inolnda te« «qui,i». 

laut of 1001 atevacn* ' *ha teat 1109019 uaAa np of 'imenM, ttA«« 
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S*otl«n 3,4 

inâ ta,fali wwllultf't l* dlnottt»*d in t!» Block: Dia^pran B*j»ort, 

folWM» B ,Hlld 6, 

3,4 StaoriptloB of Cantral. Control 

A oonplBt* 4»*orlptlon of the Whirl wine I control will 

h« found In the Hook Baptrt, a-137, In Vol»»* S 

and, B oí tUe report, 

Slnoa WMrlwlnd I attain« It« hi# operation *p«edt 

Ihroo# the net of parallel channele, ite operating eeqoenoe 

tm been :iwp* eztreMlp elnple, reenltlng In a relatively 

«laple control, A «l.iigXe~addreee coda hae" been adopted, and 

the control hae been tfeelsned to be at flexible a« poeelble. 

the oontr,:i le oapábl» of extension and ready modification 

both In ohanging «.dating ordere and In adding new one*. 

The control consist« of the following elemental 

1, Master clock 

The computer can be run non- aynohronously but 

for oomputlng efflolenoy 1« run at It* 

. highest practicable rate In eynohronlam with 

a oryitiil-controlled clook-pul.ee generator. 

The aaeter clock alec generates Ugli frequency 

clock pulsea «ynohronlited with the normal 

frequency for uee in the nlyh-«peed part« of 

the arithmetic element. 

, 2, Sight-way tlae-pulse distributor 

This distributor produsee time pule«« In time 

««quenco on eight different linee. Thee* time 

pul«#« are distributed through connection 

■atrioee to the elemente of the ooiapat»r. 

3, Operation «witch 

Thle «witch le «et by the operation code 
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•Mllon of «Im ordor to oolwt tía* 

opwdtloa io te porfoniMti, Ti» output« of 

thl» »»flteto «•* Mat to » aryntal aatrlx 

coat rola the dlatritmtloa of the tie* 

pul ««a to the •lamatc of the oomputer. 

4* Froipp*» «»uitM 

The ooMpulter uaea e aln^le-ediirea* code «ad, 

tu*;»g artera In niwerloal, aeq »nco from the 

«tornc« iDttltta« directed to do otherwlM. The 

progna Monter kaap« traok of the positloa In 

•tor«** of ti» text order to "be perforeed. 

8. Prograii rabiatar 

The progrnat regiater la need for the taaçorary 

atora«« of ertera after their extraction fro» 

storage end 'before they are »ant to the control 

Mltohoa. 

Saongto apar« equlpiMtit ie 'being provided in the connection 

■atrio«« aaeoclated with the tiM-pule« distributor and 

operation switch to allow the addition of mw ordora at a later 

tlami if dealred. 

3,8 Deaorlption of Input end Output Detloe» 

The Mhirlwlnd I conputer will use photographic ill» aa Ita 

input «ad output meditai» for coded data. Other input« ara fron 

direct oonverelon of ptoyeloel quantltlea to digital walte a. 

The laatmen Xodak Ceapeay la dew«loping readera and 

reoortera for the «torage and uae of binary data on »-« film. 

Xhla work la being oarrled on In oloae oollaboratlon with 

K.I.f.t although under a «aparate oontreot with the apeolel 

Oerloee Center. The laetmen Kodak Company le aleo developing 

antoaatlo film developer« for prooeeelng the üSShmb fite. A 

. 
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nport of toi* Kork wiil ba found. In tba 3a.*tmia Kodak; 

Í**«fT*a» B^porl tb. 1 la fol«* U of tMa raport. 

KbatMUk io davolopin« & tingla datlgn for múltipla 

imrpoa# ^qplloation. I* »All b* uaad for «anual, trau-' 

taripUoa. fila oopjia« axwl. »Aitin«, computar Input, 

OdtpuUr output» transcription to typewriter, and, axtamal 

data recording at for guldad ml talla taat rangea. 

Tí» Information It ttored oa, tha fila In tbe for» of 

opaout and. transparent «pots. There ara 50 chamai* acros» 

the width of tSa file with about 100 line* par inch of film 

length* Both amber a and, their complement® ara atorad a* a 

ohaoklng prooedure. A cathode ray tab* 1» u»ed for »canning 

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

be«M la swept »ero»* tha line» in sequence, a photocell behind 

the film picking up the Infonantlon. In recording, the beam 

It «wept behind a manic with deflection voltage» applied to 

deflect the btaa to either the number or the complement line 

depending upon whether the number atorad le a one or a sen. 

Digit« «*• supplied to the recorder and received from the 

reader at approximately a 500 kilocycle rate during the 

writing me«. The equipment can be arranged to «tore either 

50-dlgit information requiring two lines for both number and 

docilement or 36-dlglt Information requiring but one line for 

both number and complément. The .actual, operation of writing 

or reading require» about 100 ode to seconde In the first caee 

and SO microseconds In the second. The film drive is clutch 

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

linear speed as desired, but the system is bslng deslgred for 

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

film capacity Is 400 feet, although space Is being provided 

for 1,000-foot magasinas» A 4ÛO-foot roll of 36-wi film will 

•hire 13,000,000 binary digits of Information. 
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■ft# H.!.*. 3 er 'VQiwch «a I rim* Laboratory in dovolofplfttt 'i« 

toiyboards «ad. d«ctmal-to- binary ooimrUr» to t>* u**t for 

film pruparatioa, and aleo tho ragleters axio- control eQuli-“ 

■®nt na«>iod to ooBnao t the Enutnaa re a ier -rooordor t to ibt 

Walrlwlnd caaputer. It will not be neoaeaar,? for tho ®a:lIne 

operator* to u«e other than decimal notation, Convent!or,r 

will be performel automatically at the keyboards In the a(aa 

of data to be entered Into the machina and either In the 

computar ittwlf or at the output printer for numérica In¬ 

formation extracted frota the machino. 

In simulation eppllcatl .« It .« r eceesaiy that ai.alc jra 

Information auoh m shaft poaltlone or electrical nwyiltmea 

b« converte 1 to numerical ,-1>entitle t for uee by the nrxhli c. 

Numerical atput* of the ©amputer met bo converted 'bee!:. !o 

analogue quentltleo. These devices ars belaß developed. Some 

are describid In Volumes 11 and 13 uvd In Sect!.on d.4, 

Volume 1. 

3.6 Aircraft Cockpit Simulation 

The cockpit la that pert of the aircraft ulmlutor which 

(1Í converts th» pilot*a reactione to electrical signal• 

which arc transmitted to tba conputor, (3) recel voit ¡nforratlor 

from the co;nputar and couve y a it to tas pilot ae eimlaot 

aircraft behavior, and, (3) produces an environoent which vlll 

convey to the pilot the illas!ou that be 1* air-borne. 

The simulator will include a cocolt which 1« equipped 

with all controls, Instnimeate, end other devices which would 

nomally bo found la the aircraft. Configuration of thei* 

devices and general interior oppearnn;» will be faithfully 

reproduced, sino* psychological as well as mechanical stir uli 

are necessary in obtaining normal reactions and valid 

N 
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»'»ml'nation from th» pilot. S»* Tolioa* 14, E-94, hy 

,Dr. Holdar forawly oí th» Ha»«acJmwe>n« Qoiaral Hospital. 

MUI» th» ooohptt b»iik£ doaignoA at prctoat ia not 

i atondad to h» th* final ono for u»e in tha Whirlwind II 

•yatavi, it 1» n«o«u*ary to aehlav« «lEnüation ttdoqnatw for 

totting tha Whirlwind I ay »ten and «tadying tb» «ffectiweiMtii 

of tiiaolatloa teohniçue», .,111 pilot control a will h* boIIt», 

'the poaltlona and rata» of traçai of the rudder, «levator», 

and aileron* will he menaui-ed and trnnanlttad to the conpatar, 

ïal.»e» of the fore«»» on th« controle *111 he rtcelTnd fro« 

the oonputei and will aotwite nyiirnul.lc •arvomeohanl«»» which 

apply tha proper forcea to »lamíate tha "feel" of the air¬ 

craft. Similar algnala will he trenanltted to aircraft 

inatruneata to indieatr the nirorai. t • baharlor. 

the ooctptt of th® Whlrlwldd I nlisulator will b* mrantad 

on aprlnga * that it nay ha vlhratad to incraaaa the Illusion 

of flight, loi at will «la»; he generated in the cockpit. Both 

noiee and vibration will ha controlled by flight condition a 

to add, reality. 

The aquipBeet, aarroa, end power unit* developed in thia 

work can be applied to many other' einulation problem». 

» 
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4.0 .iAMiuroh and Ouïr» lop»at 

fhl* Motion tr»att tbs «*»'»>*»1 procodoro and «tip* la d*T*lopla« 

Älrlwlad o<MVon«Bt«. 'ï!» work iwd »tat«.* of •polflc «jrrt*« 

follow In tk* n»xt »»otloii*. tt«t notorial of tMo oottion la locludod 

to •!(••» th« lar®« Mr''«.» of *n,|£ln**rln|? and laboratory roaaarok 

MOOBaary to oonrort block dia®!»»* or datlfn *tudle* Into » funotloalnc 

ty»t*n. m alca*at finally arrlTlo* la th* Whirlwind *y*t«n will 

bar* p«tad tkr«»# "»b* followln« t*a •tapsi 

1. gyataas plaanln« «wl block diagram atadl*» 

2» Oironit ratoaroh 

3. Circuit dttT«lopaant 

4. Circuit dotlgn 

6» fanal a»0011¾¾ 

6. Prototyp A**lto 

7. byataa« t**t 

8. final daiilgn 

9» final aodol titling 

10. final asanably sad ua* 

Ifca following nori«* of photograph« Ulustrata «tapa 2 through 

7, u*l*ig tha wlttaitio unit at «n «»apl«. 

Stap l * tho ay* tern a planning' and bloch diagram, raaaaroh, la 

Ulaatratad by Tolur 1 6» 6, and. 7, 

Stop Ë, on circuit nwaroh, i* Uluatratad in 18-263. Batlc 

rmaaaroh 1« dou* on breadboard olrcult* lavolwing a f«w vacuna tub* a 

aad aosoola.o& oonponanta. fha olrcult 1« araluatad for potential 

oMfulniia and a study Is mad* of coupon«;.t tolimno** and olrcult 

behavior mM*r laboratory teat conditio. *. 

9t*p 3 i* «how la FB-Sib* Bar« 1« an early varalon of th» 

ixlthMtic elamnt «howlng th» hl#-|p»»d nhtft-and-oariy matrix 

laid out la a phyiloal fora «lalllar to that uoad for natrlx swltohea. 
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likteMQUiaoUoa problwaa »;r« »ita¿l*4. Bi« lumflln« of wa««» tuba« 

dM lo Miao«*dlii< Mu-lia««1 cr 14 1 qm« iJupadaMoa 1« lav«aU|pt«4. 

f««tc ara Md» on vnr/la* pnl.ita ropotltlon rat*» «und InforMtloB 1« 

obteliwMl on 111« oparntlng tolamio«« of olrcuit». 

Stop 4 1« » ftrat «nclMarln« d*alfa liln«tr&t«d in ÎÏS-364. 

B«r« t« tb* oonpoMot «ob-aavonblr for a hl«li-«p«»d flip-flop oo»- 

plot* wltà input trlfflar olrcra.lt, output buff«r napllflora, arad soon 

Indicator limita with boaoolatod driving triode«-. Tbla unit la iba 

f»«nii of .«umh' dmitlng: roo» and. «sglnoarlsc layout« to arrmxig« 

olnmlt aonponaata for ««ay acouaalblllty and short lead vl.r«a> 

Prloary attantl ». auat ba given to reduoIny copacitanoea and the 

length« of video olroult wire«. Goagponante ore 1 natal lad on terni oal 

board» for onay production and. ao that they nay be individually re¬ 

moved for repair» 

Step 6 le the avaeably of aeveml of the previera« olroult «tag«!a 

Into tha panel aaeewbly unit of 0-262. Her«: la liluatmted the first 

upproxlaation to a final design* Although a ayateu night be at- 

Mabled with elenenta at thin stage of developnent, reliability and 

•aae of niuaafaottire and waintennaoe utually Indicate that additional 

rode eigne «Iwuld be nade» Bile panel aaeenbly of the arlthaetlo 

element we tested for high-opeed operation including the operation 

of inpit gatea and outpit buffer amplifier«. The high-speed 

uhlft-and-carry matrix of FH-24ß haa mow taken the form of the 

doubl« »quere la the upper oentral portion. Further «tadle« are 

oonduoted on olnmlt oonponent tolerance« «rad the problème which 

'save arleen due to the rear range nent of oonponent a in the preceding 

design step. 

Step 6 corrects the trouble acne features of the panel aaeenbly. 

fhla prototype design shown ln VÜ-M7 uns bullt In multiple for 

■anil-eoal« «graten« teeta. 
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tWp 7, th» Mll-MMkl« «yit««# filing, !• »e th# oca- 

pl*t« 5>>»ta.|P' »rithmitlc unit of fB-966> ïlt* «tAu»* of th* »rt'th- 

wtlo unit «ad a Kanal control for «ui tipi teat*0» nr* lllantrntnd. 

Har« prohLam In onhllnc with naaoointaû ntt* aunt ion and pula« »- 

flactiona om t»« atudlad. ïtaa Arlvara for ooaxlal Una on» 'bo 

•rttam «#it*d for th# fir at tine* and ti» ua# of coaxial 11a# with 

anltlpl# drlwlas and r«Mlwlas point® oui b# «todiad. Oppar liait# 

of cparation i»t hj tub* oapaoltaao#« nnd. oi^lt idrlac o*», 'h# da- 

tamiaad* Aa oufatlac #l#a#nta ara driran, bjr actual tlfmal aouroa *, 

not hy th* laboratory taat •qpipKnt prariouai? uaad. fl» olrculta 

nr* t#atad on r irariabl* and intermUtant pulaa rapatition fra- 

'(pioiioL#a froa pa«b»bmtton control to aevaral «•facyola». troubla 

location 111111,1)04111 for th# final ooaputar can ba formal,atad, 

daall-wal« ay ataña op#« Uon i* waluabl# In th* traíala« of p#r- 

MBMl. Both tto n*rwo»aohanlc»a Laboratory ataff and Sylvan la 

•a«laMra Itav# worked on th# 5-eta«» anltlpl 1er to laura ayatama 

problema «Ad, t* at ln«! teobnlqnas. The »aln« of the praradla« d#*lpi. 

«tapa la daMUtratad by th# abort Urn* to put *uoh a raw *yat#m Into 

Operation. (8## iollowln« a#otion.) 

3tap 8„ th# final daatgn, will Incorporât* obaa«** found, mo«o- 

•ary in th* nall-toal# «ystam# taita, for a ramp la, th# cooperante 

of th# arlthKtlo aloaant will ba raaï*ran«#d ao that th* A-ragl ater, 

•th# J-rafi#t*r, am th# aoouanlator can ha ooaitruotad raparataly. 

!Ih,l# will nate vldao oablin« »or« orderly and will aaSc# inatollation 

and. Kint#nanea of tha «qulpaant aaalar. Olrouita will, b# alterad to 

u#a tha new higher powerad 8ylvanla «ata tub* in plac# of 64361 a. 

fly atea# t#«t# hat# danonatrat#A that rectifiât #typ# power 

impplla# ara nnMtlafaotory for coqpiUn« maohira ua#. Tranaiant 

power line dlaturbanoa# can feed thron# tha a* «applies and trl««sr 

coaputla« oirom.lt alastanta* bhlviwiad 1 will be fad froa aotor-canarator 

rat#* 

I 
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Múdlils of tb» flMl tent ip. at »t#p 9 oan b* t»*t*4 la th.» 

«aall>*oate *]rst«i»w «ttiqp of «t*p 7. 

4.1 Aritiiiwtte Bteiwa't DatoloinMt 

'tm faotora mm aaoaaaaxjr tafor* tba finit olrouit 

•obamtlo of tha arltteatlo alaaiant wa* dxmiAi om» tba 'bloet: 

dtiacPMH tm, «te ramlti of r***aron mxtá tenlopiiaat oí t&ï 

baaic oonponnat* of «te arltlhMtlo alonmt «lábi a* fllp-flop« 

•ad nata tutea, fte olnmlt aoteiaatlo «a* {Ivan oarafUl am- 

alteratioB and, durtnc ttet «ím «te a-o ooapXio« aotiaiaa M.« 

iatroduMl. fte fira« laboratory work o» «te ariiteatio ala- 

aaat na« dona with a braadboard layout of a alacia digit oí 

«ha aoonmlator. Ifela laoluted tte four-poaltloa awltob, aM 

tte laboratory work .«,» ooteuotaá prinaril/ to «••« tte 

abift aad-carry oparatlo» and tte a-o oonpliug. 

follovinc tba breadboard acoonutetor, a prallaloary 

oolnam. of tte arlUunaUo alaiMiat uaa 'built, 

ttda daalipk gara aora ooaalteratlon to tte phyuloal arranga- 

aaat and quality of o caponan ta tten ted teen giaan la tte pa*t, 

fte laboratory work, dona on thla unit prowidad a teal a for 

writing tha teat apaoifloatlona for a tedlglt prototypa with- 

tell« alaaant wbloh tea team oonatruoted by Sylvante. 

Tbla prototypa tea only C digit ooluama plma a tiapla oon- 

trol panal for parfomlng ■nitlpllaation. Tte 6-digit aultipllar 
a 

prorldaa an oppoxtanlty to oteok tte parfornanon of a larga 

aaaasbly of anallar ooaponanta* tte anallar alaaant a, au ah an 

fllp~flopat gate olroulta, ate.» tewa tean tte roughly tatted at 

unit« «o opa rate in a larpr ayate», but aany '«afora aaaa dlffi- 

onltiaa and, problaaa teat aolwad by aaaaabllag a Iwrp «nabar 

of alaaanta oan te atediad by working with auoh a prototypa. 

JyuUtUIUJüMUMMk. ÉHlMiUIMlIÉÉiiÉHa 
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a~4i*14 «ditfltor 1« teiac um* u «tuii tt« ï«l«» ^v*' 
IpiiLto tola# wiMt* • ;|mlto %hr«u# % muator oí tato a 

•«rl«* « «to» ft ftlaclft tato .»ittat drl» ih* «rlda of * 

MMbwr oí tato» QOMWftfftá 1* pamllftl* to<»i«ftv äI ito o®». 

liat«r ttfttwr« ¿-t tí» olxcnlt« *M th* mrlftVLft pu2.tï-wpfttltton 

'frft'fMMiy, ft oaiftfol lavftcllflfttioft of all oovpllac clnmit* 1* 

mi o# twvtf* Anollwr prollaa «lilcb oft« to ctadlad wltk tto 

O-dlflt MKiltlpllftr !• troublt looftUon. froftblft-looftUon tftcli“ 

alf«»» ftM ■ultftbl» Itit e'iia^ftftnt whloh will to raloftli» for 

MblrlwlMi 1 ar« toit« tovalopftd a» work prO'ipva»«« ob tto 

5-4I4H Mltlpllar. 'Ha* aaltlplter l» «Ito u«eful for »daofttlai 

tow pftraomwl, »Uaüftllftc thlaklni l» tarn* of problft«», 

«uA ft» ft toftonsfratar. Uton olrouit «tadla« ar» oonplata. tto 

«oltlpltar will to op»r»tad •• • llf* t»*t mit. 

ffci ■oítipltor l« »town la ptot«graph JH-304 oob- 

plato with «top oonalftr ftM r»»tor»r-olook pul» di atrito tor 

Oft tto fir at rao*; and Hunal control, r»ator»r pul»» gtn»rator. 

•ad aaator clock on th» MOènd ruck» Th» digit coluno» ln- 

»liad» all th» circuita r« qui rad In tto Whirlwind 1 arlthaatle 

•laannt, tot • «tapi* control for performing only multipli¬ 

cation 1» proTltod. Sino» multiplication ia tto «oat coapll- 

Ofttod oparatlon xaqnirad ln tto »xlthaatio alonant, and tinea 

.all tto arUhaatlo-alaaant circuita ar» iaoladad In anch 

coluaa, all th» prohlaaa antlolpatad in tto Whirlwind 1 aritfc. 

••tlo »l»a»nt aay to «todito la tto 5-digit anltlpllar. Tto' 

control tcoito»« two 5-dlgit togglo-awltoh r»gl*tar* into which 

ioaa to oat tto aoatora to to r»ad Into tto k and B raglatara. 

'Ito'M toggla awltotoa ara dlrootl# ooupl»d to 'tto rato-'In gat« a 

of 'tto«» roglatara. if tar tto d and B ragietara tow» toan 

•laarto hy a oloar push tottoa, a r»ad**tn puah tot ton can»»« 

tto xftadrln gata» of tto two roglatara to to pul «to, .and, tto 

aaator» aro tronafanod to tto registar». Mcltlplloatlen oan 

«han to «nrrlto ant »Ittor «tap-hy-*t»p or antoantloally. 
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Atfr ¡Um ■ftlUylloBtloa h*i ¥••• oo%i*U4, * •‘•P 

oomii'i«» •nlwfeBllBBUj' olo*»« th» «nt* tub* wàiob *••&• 

'»o tte thi* o«w»t#r 1* r«Mt «Mit Uw» tà* ol*»r 

pi:gli tMiUon !• 4*pr«***4* Ifc» •Wy-ocwuittr saA n»rrj pul»* 1* 

«¿iw» tolinr*4 mA aa*4 to talttut* ti»* ht«b»*p**d, o*rry. 

à nàtMr oí problen* b&v* boon uncoT*r*4 by the work 

with, the auniplUr to <UU>. 3*tl«factory «t*p-by.»tap wltl- 

pltoatua ha* ha*» acht* ved a* **11 a* automat io nul Up Heat ton 

at padrepetition frequenoi** up to 2 aefaoycl*» 

The tie* «ohetnl* for a***«tbly and t**t of the Vita««' 

«Bittipi 1er 1* intereating and prove* th* valu* of careful 

engineering design. 

first aaltlpll*r cha*«l* 
arrived iron S>.v*nU..September 25, 1M7 

final assenblle* 
dallvemd-October 14, 1947 

Push button operation 
functioning— —-—-—-October 20, 1947 

Operation nt 100 ice 
repetition rate--October 2fl, 1947 

Operation, at 1 negaoyole-loventer 13, 1947 

Operation at 2 negacyolee-«oventer 14, 1947 

further teete will be nade to detemlne the upper 

Unit of operating frequency. 

.3 Storage Tube Develop»at 

Work on eleotroetatlo atornge tube« le eo—rlied in 

Tolu» 9, M-16».end H-L30. Che latter dleousM* the anomi.t 

of 11» devoted to baolo reoearoh and to dovelopwnt of vaouu* 
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tate tatt maA ttomtfufitioii «ti. tetwrutofy 4*>oluai<ii.# * 

(te* VttluM «, »-4«, *-»* M-UO. maà Ulmm 10, 14-12«. 

*M 11-118)1 Jtecw*i»i af ilr*»« w» te ata raMtwol) «aâ o» tà* 

fwMlâMiital. "IMteir t o« of tte tate oosBHMhobta, aalj o fow tute • 

bêtm te*« «»««rtrooted 4M i*oteé. Mo>4 of ifa®** la «hleli all 

«o^poMnl« «f »à* »Ion#» «ate te»* '(»**1» IjmiIMM ar* of »«'•»it 

orlflit» tte' láteratery faolllU«« al M.1*T. pormlt oo:a|>l«Uoa 

«f a Ma «ate wtiiln a fow ajgra af «ar deal«» la 00% la lad* 

Moal tate teala a» iiMa wllfc rlilao «aal «qulpiMaa« uater paitad 
a 

oondUloat oonforall• lo «Ma final tate application.' Dapataattc« 

la aol plaoad m «te« dj^ ata te te al la«. natMa. for donvaalaao* 

la ooaalraolloB, ateiafi tatea ter* titea far teas nada with 

■aall atora«* *4.1140» 3/4 laoh la dlaaator* Ttera la no 

»••oa to tel loto tbit otter than ao mal. uohaaloal dlff loultlaa 

will te tnootmterad :a iao»aaln« tte tab* alt«. Tha awallabl« 

aqplpaaat dlaooaaad :a folunaa 2, 9» 10, aM 19 will ana bla tte' 

terTOMohaMlaaa Laboiatorjr to oonatruot tte raqulrod tatea for 

Mhlrlwlad X* ilarroaa otea loot Laboratory «taff Matera a» 

aoooptiat »apoaalbl]Ity for oonvortln«; tte laboratory »aalt« 

ta ooaotmotlon praotloa uad for oporatlo« tte taboo In a worklnf 

'ooqpatar* A Maaorvaolwa ?ro«raa la tteroforo plaaaod In tel oh 

tealo »»«roh laforaatloa fora* a f Ira foundatloa for dowalop« 

Mat and oonatiuotloa. 

Baut It* of bom oar liar teat* aro »ported In VoIum 9, 

1-130» TqprowoA »aal I a ten aloca boon obt&lMd on otter 

tatet« C00A oatpvt alcnala of 0*1 volt without oatpat p»- 

«MfUflor tete te*« obtalnod» 81«kal-to-noloo ratio la «»allant, 

tte 0.1 voll output baa boon obtalMl in a raadlag tlM of 3 nloro- 

oaooMa» frltin* tlM 1« lontor Item daalmd la. a final tate. 

Mrltlac tina al proaant la la tte ran«* of 30 to 00 alero«*«tond«, 
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"takl no k»t !•« It'«##. Midi» lo «liorMa Uw «rUU« Um,. 

Ä» 'Mrlllatc «Im in piwdicUW,* «a W» tealt of ptvain«! «á 

pi«w*'4.riowl. fropmrU*» «ad. omi i>* laprovad 'bij oblalala* 

fci|>»r 'iMwat owifaat, ««iac * tàlokwr ditlaotrio la/»r oa tim 
•4«n#» »•'MMitili', »Ml Miaolln« « iwooadas7 Mlttlac •turfaoa 

«llii * laiwax flrai oroat-ow xoliia** tbaa Ina# ttaaa far baaa 

'■«*#' of Um ramil» to data hava baaa obtaltwd oa 

vlUaalta pfeio^plur mrfaaa». Vlllaailt« wa« iwnt raadllj 

afallabi«' ttat ii ao tor ioaui 1/ poor for th# parpo oa. th# 3/4 Inch 

diaMtar atorafo aartaew la# 'baas omad for atorlnc 12 digit#. 

îtl# iMMUr i* within * I autor of two of flail objaotlraa. 

Im&apa.BHtoaoa of aájMant atorad «rana laiii ’baa« daaonatratad 

ew loaf .porioda of tlaa, bat in ■«»» tab## h«« not baan «■ 
ral labia «• finally daolrad. Soma tuba# h«,'**# 'baan built with 

aaoaliant lo.dapaiadaxuw of adjaoaat atorad arana, and othara 

■with writing tlaaa of 20 to 40 nloroaaoonda. Io tab* fa«a yx 

'baan oonatmotod to ooabin# that* faaturaa. 

Apparaat #olut Iona to 1½ axlotlng atom^ tub# problaaa 

ara known. Oonoldarabla affort mat yat b* «apandad bafora « 

aatlafaotory taba ia oxpaotadj howawar, th* «tora#» tub# 4»™ 
-fnlqpnat progjraa .iroanrt to b* Mating th* tlm aohadal»! of 

th» r—aiming, fhlrlwlnd I oo^ononta. Blnoa th* Mhirlwlnd I 

«/•ton 1« indapandort of tt» a not atora«# tub# oharaotarlatlcn, 

«tr tntaa which axhlbit aatiafaotory ralUblllty oan b# atad, 

ffliaal tatet naatiag all of tte goal# «it forth in teotlo* 3,,3 

,aw sot JMMMKaary to tegla work with Ihlrlwlad I. futura 

■tonga täte danlopnant will inc lud« »alaotion or daaigs of 

a tetter àl^nlodlty gm to gira graater tean our rant, ti» 

Invnotlgntloa of otter Mooniaxy auditing wrfaoaa, lift, test* 

on —oondary anittlng nrfao««, continuad laTaatlgntion of 

wmI« ir«>:r«n,a «ontinsM« dlalaotrlo atoraip «arfnoa«, tte 
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* tool ion * • ax 

te'mlapwiï* of h laurear alia taba, «wl l^rovaá .«*'01»»la*.!. 

*»•1®»., Co Loa Klan Util jr a» affort will to nato lo rateo* Ito 

lÉgr'atonl ala* oí lito loba fron Um pratanlij pl*.n»»â fr-inob. 

Alna*lar lo a 3-lnafc Aiiua»l*x. 

OaH.MlLto olrwalla for tito alome» luto» ara oon»iterad 

«alisfaalorlljr danonalralad on « rataarch toal». Omi#1 aaelnaarln® 

tealeH raanlaa to to dona and no work 1» at praaant öaioe da* 

volad lo IM» ;pto.aa of tto pro cran. A danou »trat Lob *>»to» 

'Mill to Ml op to allow blcb~te**d rapid aaleation by tto da- 

f Lao Hon oLroulia, and will to uaad In oonjuuili',» wltb in- 

provad alomeo tuto a now bai»« placaad . A raaujw» of tto 

daflaotLon oLrcult aludla a la flvaa in Voluna 10, £-32, £-31, 

and 1-120. 

4.3 fine trcaxc-Clr ouït Durai opinant 

4.31 flip-flop» 

Tto two to«lo alamaata of tto block dlncrmna ara 

tto flip-flop niid tto c»ls siroult. flip-flop» art uaad 

na bianry oountara, atome* alennut», and caia «aaarator» 

for tl# Whirlwind computar», flip-flop» B»*t tova a 

«witohlag tinia of approxlmtol/ 0.1 nioroaaoond, Davalop- 

nant of n nlinbl», hieb-apaad flip-flop'ha* toaa a task 

of prim laportano* In the alaotronlo» crotqp and will 

oontlnu». Tto prawnt flip-flop amplo/a two 6AC? pan- 

toda» and n aonnon cathoda-bin» raaiator. It naf to 

aat to a daaUrod »tato by apply!»« a pula* to tto pro par 

control iprid, or It nay to trtgeerad by applylnc a pulae 

to tto oathodo*. Eacant work ton includad n atuiy of 

tto f no tor» that Influanoo ra liability., and nlnor otoa«e« 

in flip-flop datlcn art toinc lnv##ti«atad by Man» of • 
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Mot Ion 4.32: 

flip-flop Ilf •»Mot rooJfc ooatolaiai: loa flip-flop», 

fo» flip-flop* w*r# »wtlolilii« 3 * io6 tlaa» p*r »*ooad. 

fl»* fix'*i ma of 800' bi».r« had a ooimt*i* oa oa* flip-flop 

to ooaat *rror*. for tta* rooalalac 9 fllp-fiop». an o<M, 

bat lot «M HJito*r of orror» oould 0* d.*t*ot»4. Up 

to 33? bow* Uior« v*r* no nrror«. 33? and, 363 

how* th*y* war* at lca*t 6 *rror*, probably da* to 

pon**' «apply fallar*. h*tw**a 363 and 429 hoar» thon» 

Mr* ao fallía***. JJatw**» 429 and 493 hour» th*r* '»*• 

on* *rror. ifroa 493 to 600 th*r» a*r* non*. 

At 600 hour», count*r» for th* d*t*otlon of *rror» 

**r* put oa all flip-flop*, and th* iMthod of tricc*rla|{ 

wn* ohnmpid. A further run of 302 hour* produo*« ao 

•mir«. ïnt» ooi**»ponA» to 2 x 1012 oporatlon» without 

fnilur« fron nay oauM. (S** Volun* 16, £-64 and M-138). 

A anstor*» th»»i* 1* now la prop**»« to tnT»»tlgat« a 

4iff*r*at typ* of flip-flop which nay »llataat* th* 

m*4 for pr*ol*lon ooqpononta. flip-flop a nr* din- 

oa«a*d ln Tolun» 16. 

4*32 On«* Circuit» 

fh* oth*r haalo «l*nant of tha block diagram, th* 

fat* olronit, ha* al»o *ip*rlano*d oonaldarnbl* dawnlop- 

naat. An «valuation of «at Lag mthod* was and* aarly 

in th« pronron («•• ToIium 16, 1-109). A tab* having 

two aharp-ouleff grid« 1« «oat daalrabl« for th* Whirl- 
‘ ♦ 

wind ooapuMr«; th« W««t*m llaotrio 6A86 pan tod* 1« 

■noh « taha. Bowavor, «inoa th« 6A36 is a low-curr«nt 

aialatara tab«, it ha« provad iaad«faat« for working 

into tha low-lqpadaaoa loado aaoa««itatod by vary abort 

pal«*». Sylvaaia ha« dawlopad a a*w gat« tab« for 
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tlu» MiirlwlM »o.m«t4r», Ijrlvuii» typ* M-1030. tM§ 

lut. » loolD-i» t«M and prerid«» 40 «ilU»*p*r*« cf 

plmt* ourwittt will» tb* control grid »»d the w^pr« »cor 

grid *t oathod» potentials Um tub* ellalnaUa Um 

neoeeelty of driving grid» pocttlv* and leiito»« * »or* 

rellnble design poeelto. It will be »mltable la pro- 

dMctloa qpuhtltlee »bout January 1, 1948, »M will have 

tut .ftHi type anabar. Olroults for the new tub# are 

'being Inve etica ted at present at M„I,T. with pre-product ion 

•aapilee* A »or# detailed treat»»at of gate tubes nay 

'be found ia faluas 16. 

4.33 High-»poet Bwltohee 

Migh-speed ■nlti-poeltloa «wttohes are called for 

by the block dtagraae, for 'the tlae-pulo# dletrlbutor 

gag for the operatloa »witch la the control, for 

eeleotioa of a deelred regieter 1» »torage, and, for the 

ahlft-aad-earry oporatioa la the arlthisetic eloaent » An 

evaluation of ewltohlag Mthode wae n&de very early by 

the project and a anotar1a theele wae written oa the 

uoet proalelog ewitoh, the orystal-aatrix ewltoh. the 

probien wae to develop a «witch which would have a 

gwltohlag tins of a fraction of a aloroeoooad. the 

theel« (•»• Volcas 17) do«oribes an S-positlon ewitoh 

havlag a ewltohlag tla* of approximately 0.5 aleroeeoond . 

A preliminary design of a 33-poeition «witch h»s been 

coaple ted. The «witch tea been con «trac ted and testad. 

An iM^roveasnt oa the original deolg* ha« beta found 

Miinh rednoei the «witching Um of the 32«po«ltloo 

•witch to 0.3 aiorowoonA (••• VoIum 17, 1-123). 
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4.34 jWJ Cooplln« 

la ar4»r fe» »fold fell* oaMmdiac of powr ■t.ppU**, 

th* «uplfeflo*feiöB of pow*p-«apjil/~»olfe»4S* dril», fll*- 

aaafe l:nniaforaHir Isolation, «mil ofelM:r dif fioul fe 

MMoapnjrlac dlr»ot ocraplln«;, a «oteia» of *-o oouplinf 

to« to»» davlwkd tAiloh pr*»*rr»» feto ftmcfeional *d- 

vmafe«««« of dlraefe oongpling. Tbi* »oto»* r»ç»ir»* feto fe 

•Mb flip-flop In feto oo«putar to ferl|e»r»d tirio» by 

two pal»«» o»« aloro•• oond apart (»o fetot feto fllp-flop 

totora» feo U» orlfiaal »tat«) dar lut • feito 1» feto 

o yol* táMKik feto flip-flop 1« not ottorvlto aofelr» . fbl» 

i» doa» ftoqoMfely aaou«b «o fetot feto a<mplin* capocl- 

feor* do aofe to»* tlao feo dleotort»; feto aatlroA d-o 

1*?#1 1» obfealtod by »to of clamp lag dloto» A-ö 

ooopllag I» «« l^o?fea»fe factor la feto Whirlwind oo«- 

pntor» «hloh aaka» operation aor» rollabl» oy paralfetln« 

vld»r feo Urano» • on powar-»apply »olfeago« and pul«« aapU- 

tntoki. Ife 1» dl»oa»Md ln gr»Dt«r d«feall ln To* w 15. 

4.35 Orystal BaotlfUr» 

Orystnl roofelfUr» are a»»d ln Whirlwind I for 

oUaplng (d-o toofeomfeion), for Isolafeior. in ooupllng 

trlgiar oooxo»» to flip-flop», for alada«; «Igual» la a 

ooaaoa load, la hlgh-ipoad iiaUl-poaifelon «wltoh»». and 

in palto gan»rating olrcmlt». Xn addition, 9yl«anU la 

to »»loping apaalnl hl^-oondactl»ity ory»tnl» for eottpling 

feo feto digit fexnntfor ta» and for u»» In feto d»fl»ofeion 

elroolta. Cryafeal r»otifiar» po»»»»» tmny ad»»nfe»to* 

otoff vaou»to-tnb» diodo a, tat fetoy po»M»» feto diaadrunfeag» 

of towing a btolg oondnofeaao* whlob fr»<jn»rfely oanaofe ta 

a»cl»oferA »ad Wbioh laor»*»»» with toaporatnro. Naamr«- 
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■eut« bâv* "i**** má* to áotomin« tiw ofeMTM'iwrlitie» 

«f o 17«tais, partUnlarlj at otorioaA anã at hl# 

aikbiMi tMçaimtwaa- Oloaa coataot la telai 

talnaA with tha oryatiQ. gronp at Sylwaala, ahora ilf» 

taata» laoluáliiit llfa Mata uadar palaad oonáltloaa at 

wtgh ambiant tmparaturaa, ara balnc oondnotad. Cryatal 

laottflar* '«a dlaooaaad la Volua 16. 

4.36 Pula# fraaafomar» 

Ptuaa tranaforaara ara lapo riant ooaponantt of tha 

Whirlwind otmputara. thalr caa a« l^paâanoa tranaforaara 

.ni^, for pulsa Inwaralon jraatly radiioa* tha nxuihar1 of 

tobas raqoirad Mtd aiapUfiaa clroult a»«J«n. Co.iaa*>roUl 

palta tranaforaara aaitabla for tha pola# ahupa and 

powar la vaha uaad hora not baan ohtalnahla. A study of 

polaa tranaforaara was xmdartaksn and « raport praparad 

whloh thoroa#ly dlaonaata transformai amalyaia and da- 

«.ifn (ana Yolnaa 18, 1>122). Transformara for Whirlwind 1 

hnva baan da signad and n «tody of application« has baaa 

nada. At praaant, two tranafornar typ*« ara adaquat« 

for all nppllentlona. Ona typa la a ona-to-ona tawartar 

transformar ami, tha otbar la a thraa-to-on« impad-uic« 

transformar lataadad primarily for eoupllag waoomm tuba« 

to low-lnpadano# cablas. An inwaatlgatlon of you««» 

■tapHop transformara la now bamg oarriad ont (ma 

foluma I«, S»60). Palta transformara ara dlacmasad in 

Yoluma 16* 

4.17 Miaoallnnaoo« Tabas 

Of n total of 3,600 baba« for Whirlwind X, 1,1180 

art uaad ln «ata elrenlt«, TOO ara mmd in flip-flop«, 

and 670 nra naad no baffar n^lifiara (ma Yolnaa 16, *-132). 
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'Hw mu «Md 1« flip-flop olrculU *aA for »o«'t Utfi 

•mpllftar» i* %U Ufft poiitod*. Fol» oMr4oWrl»Uci» 

of 'tlM tew l»*« olt'tei&od *M. lu'bo lif* i* 'toi»«; 

lavttU^toA. A «wop «f 100 Ua7U »r» uM*r«olB« 

lif*. 10 01 at tU pro 0001 tiJ». TU Sato* ai'» to ln« 

ovordrivoa by a fiO-oyola oolta«« oa ttoa control «rldj 

tba fliMMt volta«*' Is loft on M hoars a toy-' Aftor 

3,300 honra, no tub# failur#« tot# toon ob*#rr#d. 

ILaal ooaolaaloaa should not to drawn fro» 4M a «tato- 

«•nt, tona tor, too«»# tha lif# to at moh o*.«, opa ra tin« 

isproparly darin« tto first 1,650 tours of op*ration 

(oaa VoLuma 16, toll®). Alao, a «roup of 10 flip-flops 

uiin« a*at*i i* tola« Ufo tostad Aí tor 500 hours of 

operation, no tato fallaros has* boon obaervad (#*• 

foluaa 15, to54). An invostl«ation of th# a»-cal lad 

Mblao«-outa offset has toon oonduotod to find, out If 

thla will oauo* troublo In tto' Whirlwind oo.»|m.tora- 

llank-out was obaarvod in tto 6A86 «ato tuba, tot only 

wtoa tto pulas drivin« tha control «rid positiva was 

10 otic re a# oo nda or «matar in lan«th. Ho troubla du* to 

black-out affaot la ««pactad In tha Whirlwind ccnputars 

.and tto affaot has toan obsarvad only in 'tto 6JJ6 «nt* 

tuto, il*0*1.Lan*ou« anoaw tuto# «uro diaouatad in 

foliina 16. 

4.3fl Mlsoallanaous Oirouit* 

A wator of ooiputar oirouit* la addition to thoa* 

nlraady nantlonao have boca Invastixntad. Ibas* inoluâai 

Uuffar napllfiors to drivo tto digit tmnafor bua, snd 

buffer amplifier* to ainultanooualy driva % nuntor of 

tutos in Aiffaraat moka, fha project toa nlae daslgnad 

» 
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Má oon.trooWá a • :pr*- 

Ubím«7 llfimltt diitrltaatar, imá tau» 

Um jhumI hM •tox*#* 

Whlrlwlná 1. riml <Jâ«l*a» of tto* :i»«t ^ u***‘ 

.t#i(;l»l*r jtaiitl ««Ä' flip-flop «toraip'» *ro 

propavod 1»/ B/lfMU. «MM ■l.oollaiM.iro» ülnmlti 

aro dliMO'WOá 1a VoIiuhm 19 • 

4,m fool »tolpwnt 

Batato tait oqalpaoAl for roooaroh la CvBjjuur 

olrcallo *1*1 lAOlndo ». oynoltro»cov» »Ad » pal** 

fOMrator. loom— of tbo hlfh pal ••-ropotitloa 

froquoncy *M •»•vrt pal*» longlh u—<* la ta* Mhlrl- 

wlw& oo^p«.t*ro, * of—luro—opo wltto Tory f*»t oooop 

1« — ooury. Ttoo Hodol 5 «ynohro—cp« ta» proved 

«laquât* for —•* «ork. Hw ta-239/W io »tiporior 

for oortaln parpooo». ta* jaott wld*ly a-d ta*t 

oiplp—nt doolf—d toy Project lihlrlMlûd ha* inolud*d. 

a pio-tatoo |>aloo paomlor for pao ration of *borl 

pal—• al low pal—-ropo tillo a fropo—loo and • 

aip-fropo—y olock-paloo go—ralor (1 lo 6 —p» 

oioloo). Rm hlgSk-froqaoncy olooJc-poloo pn*rotor 

1» Tory olmllar lo tt» —olor dock «*t dll to* 

a—d 1» Mblrlwlnd 1 (*•« tola— 19, 1-40). Im 

ardor to a— Um oh> —upllng —ho—, • «ouro* of 

piro of palo** «paood approxl—toly 10 aloro—cond* 

apart i* —toar?. «Mo rooloror-jml- p—ralor 

faao to—n m—d will i*»jr tool arranp—nto, Inc lad lag 

Um 5-dl«ll ■dllpllor (-# tola— 19, 1-62). A 

•tallar p—rotor will too a—d la Uhlrlwlnd I. A 

p—ral-pupo—d plo-and-dolayod-trlgpr p—mlor 

.toa» toaoa doolg—d aad aany art la u—. A lato# 



iMiloa 4.4 

U.tar tea datl#»d aad bailt t® tot- laboratory 

far oMalaiaa «tollo aad pul— otoraotorlattoa of 

«»»*■ to*»*. * oryatol toator ¡to- al*o *»*»a 4aalca»d 

ia« aaaatiMtaA for toatlac foward a«4 took r»*i*toii,o* 

•f lawatoa-TlT^1 rootlfl-r* (— valu» 16, It-37). 

X«*t aftlgaaal la daaorlbad i®, folaaa 19. 

4.4 lapat and Ootpot BqtrlpMnl D»r-lopa-nt 

ftoa, pitotograpltla fll* raadar-raaoxdara to to u—d for 

■■»rloál lapât* *»« tw»t'ï"tt* with, tto toirlwlnd I ooapotor ar* 

tolac iaaalopad at tito lto*t«*m Kodak Company. Tto atof* of 

tola Aafalapaaat 1« raportod la ttolr Prqgr*** t-port *o. i 1» 

folwaa 11. *to' equlpm^.t 1* aaaaotlally la braadtoard *ta^ 

vltb «xparliMaUl aatopa of oatboda ray tuto*, optical «yatoaa, 

alaotroolo aqulpMat. aad fila driaaa. At tto aoaaat ttoa* 

braadboard* ar* la tto fora of aapaxat* oo%oa*nt*. altooo# 

It la topad that by tto flr*t of 1948 a oo-aplat* worklaf 

braadboard ayataa will to arallabl*. Daralopaaat 11»* la 

balac rad—d by tto daal— of a alacia u»U litlob can to aada 

tato a rtadar or raoordar by aultabl* oto®«*« la It* optical 

ayataa. Tto housing*, fila drlaa*, —ehaalaal ayatoaa, and 

moh of tto alaotronlof will to idantloal for both ualta* 

Sha amtoaatlo fila-proo«**!»« ««jalpaant will to an adaptation 

from airtady axlatlng «asigna with —what diffarant apaei- 

flaationa* « ravlaloa of plaaa alnoa tto Ia»tna» Kodak rapart 

'para&ta n— of a raoordlag aaak with only two row* of epaning* 

(hM aapcrlaantal aodal of a daoiaal-to-blaary ooawartar 

baa b—a built at M.l.T. aad la daaorltod In a ttoal* by 

». J. Orawford In Tolu— 1». Thla unit hat oparatad aatla- 

faatorlly but —at to radaalg—d bafora inolualon la final 

—yboard a—lp—nt. 



mniamuL 
- 4« . 

tMtluS 4-4 

Om «f te tr^iamr* !*• "tea rtiiájria*: mim tio 

un »ni Ilf tor um kt «ob «imiill» 1 »,!• rMAlit*- iip**d «»•orj 

irrte. RU prilUtefT flMim** te r«j>orWd U 1-124 1» 

folMM 11. Äl» mrk 1» «UH im m prmlUterjr «%•«• iwt 

flirte« art Wim« oarrimd o» m« îu 

14*106, fo Im» 11* 

VoltuMB 11 Má 18 mito rmpori te projmot rork on torio*» 

foe ooimraloa Wíwmb mumirioml *M »,*»10*0* iiummUti»». *W 

fielt of te»» torte» m* Wiif la 19« mod atol • a~tojr 

oowiWr to oouat polto* «»Mmtmd •» * grmdMWd dito »of»d 

la feoat of a prnli of pbotocoll». filio dorito opormtod mü*- 

f«otoril/ Wt tei »lato W»a dioomrtod •• Win« too oo^llomWd 

mad »nptmtl'fi. If ama/ fjamnritiof aro *o W ooarerted, « ooa- 

pl-*W ecaltor oonrorWr i» oootod mt «molí teft. Work wm 

««pia Wgoa oa thl» problom in Jam* of 194? rith *mpW»i» ob 

te to»l«B of oomr*r*lom Mtbod« r*qairim« Wt « »im«!* co»- 

pltetod oonrorWr for ama/ qaauUtioo, te mdOltlooml *qalp* 

aomt rofmleiA mt «mofa oonroroio» point Win* r*ry m*11. 

tom ojqportental work ha* ten dono on o, fr*qa*no/-aodalmtica 

«/«toa in «biob te notion of a oontonoor oooa«ot#d to m iteft 

mrioo te froipmno/ of an oaeillator, te r*oaltin« fr*qa*nojr 

Win« nononrod te/ telnmr/ oountor*. Ibis aothod i* batió.^11/ 

■nltoá onl/ to oonroraion frota Mobanloal petition to tmaorieal 

ooto. lovorir, all teto na te to aro rortrtibl» aitWr Harón# 

te uto of foodtek vate* wlWln te oonrartor or tbron# 

te uao of oxtoroal torronoolaaalaao. Aaoter aatáod now 

Win« atndUd lo te um of puloo-tte oodin«. Boot-atrop 

ono op oireuito aro uaad for oonrortla« fron olootrioal na«ni- 

MU» lo n tino diffovoan# teotwoon a pato of julooo* TM o 

tino differ«aol It tea ooavorWd to a omarloal tpanUty by 

nonao of a teiaary oouator aad a flxatofrofMMy onppl/ of 

olonk-pulMO. tlii» ayo toa I« alto rororoltelo. 
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oosriMffui. 

BtatlO'ik 4..9 

Il U nal «acotad Uni mr o» oí Umm «onwfnion 

tevlnnt will muttim for *11 pwM*»* of 'Ä* W*% 
dlffWUM in 4|»«<difto*ttonn for Hk» noou-Mjr, pmoinlo*. and 

MMillTity of l)M wlorn* qp**llU*o 't*ia* oo*wt*4. If 

'Dm WMltlrttar r*4*li**MM« ***» ««*11. ****« dir*at blnnry- 

«•l4jki*A <M»f*rnlott iiya««*« anob «.a nr« di«**»««4 1* «b« 

dnflnnUon oiroult i* Tolo«* 10 oould to* *«*d> la 

•OMI ana«« «kMir« tli« annniliTily i»«« b* oa* p*r« l* «*“ 

téonmuná or *illt-ap*«d ay«««*« «bou 14 b* *t*4. « 

j*rl of IMa jrobla* I« lb# 4*1.1*» of •*rro**ob*ni«*« whioh 

will opnfni* B*ll*fno%orlly on lnt«.r*itt*nl dnu r«o*it*4 fro* 

tifia*! oMV*t*ra< X* to** «*•** to* oo*pput*r n**if cm t» 
lift 'in tb* «•.rto-looj?, «bu* nil ovin* Out um» of tb* fir**« oo»- 

pnlnllonnl oiip*oity m& fUsiblllty of tb* oonputor ln «r« 

*wy*i*llo*. I* otb*" o***a it any b* t*»ir*bla to oloa* tb* 

••rro-ioop outalt* of tb* ooatpuUr. tb* **rvo r*e*ÍTi*mt only 

po*11100*1 t*t*. On* of tb* *t*ff *a*b*r* of tb* ll*otrlo*l 

£nfln**rlnf 0*p*rt*»*t *t M.I.*. la *t proa*»! a tody ln« Äa»* 

probl*** In pr*p*r*tl*a for n dootowt# tb**la. 

«.6 Alvo raft Oookplt Doral'oprant 

Wtll* tb* oookplt now b*laf d**l«n*d la latandcd for 

Wtlrlwla& I *Ad 1* not tb* *ora •xtraalr* nyat** plnnnod for 

bbijrlvini II. it 1* oounldorad inportnnt that tb*' oookplt b* 

«ul*p*to to poralt atndy of tho nlroroft nxudysor no * aboi* 

*• von *o «tody of alaulntloa taobnlquo*. 

fbo o*rly «orb on tbo ■inlntlon profroa nao dora tod to 

•tody of tbo off Mt« naooooary for odaqunto fllfbt *ia*lntlon 

mA aaltoblo d*«l#oa for obtnUio« ronllotlo pilot raaotlon. 

«bo off Ml* ooaoidorod mm 01017 *rai (1) oontrol-foro* 

loadla«, (S) praaaatotlon of alroroft bobvrlor by aoaao of a 
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OOifUWÍLtl. 

Motion 4.5 

•limlnMl iMtmimait pMnl. I») w»l«* ▼ttarntlon. nod 

(4) «*jiP04iM»iil«n of 11»' Intorlor njipolatnonto «nû opponriu»# 

•Í un Milwnl o««k«tlt- In nMUlott to ilk»»* factors, not Ion 

of 'Dm nonlylt «• oonolAorad. (Bon foltu» 14, h-12t>-) 

iotloa of t4* oocfcÿlt to oianlnt* aoool# rat Ions f*lt ly 

'Um pilot ter ln« ai»»*«iiir* prooteto a difficult protl** * Tb* 

alMiln'Itea onn at toot 5* only oppronlnat*. It 1* not foatlbl* 

to min1« 11» ooofeplt in auob a that it najr bar* tí» 

ma» te«rMi of irmâm a» ti» aircraft, tlaoo ouitalnod 

aooolotmtloao '«wild «qolrod prohibí tirai/ lar«* dl*placii»*ot». 

à oo^wlte oco «iterad to mi tipo ad tiw ooohplt ai a ponftul» 

fra# to «wla« about tio a,»* (pitot and roll) and tint* to con¬ 

trol th* AlTMtlon of th* grant/ motor *o that horlaontal 

oonfonmit* of aoooloratlon on tlw pilot oonld bo protoood by 

tilting (Ira Tolu» 14, H-100, H-74.) Thl* */*t*» would 

rognlrn th* teraloprant, of lar«* hydrsull« rarroraohanlaai 

■mUabln for novia« th* ana* of th* aatlr* oooiQ.>it «tructux*., 

lino* till* program pra**at#d ooriou* liffloultl**, and «Ino* 

'Un talan of «oob a «/«tan oonld not bo definitely • »tabli*h*d, 

thl* pha** of thn work ha* bran dlraontlnrad a* a part of th* 

laandlat* Hfclrlwind program. Borarar, th*' oookplt will b* 

oapportod by «pria«* *0 that It aay b* Tibrat*d. 

fhn ooatrol-foroo loading »orto* ara foro*-produclng 

rarvo* which ooapara fe* sstaal forra* Indicated by «train 

«*«•• with ti» raqtti^ forra* dictated by th* computer. Th* 

Alff*r*ao*t or orror, 1* **Q»llfl*d olnotronloally to aotuat* a 

•■all torga* actor. Th* output aorarant of th* torga* noter 1* 

nn^llllad by a hydraallo booster to oparate a dlff*r*nt lal 

prosaar* ragolator valve. Thl* xagulator ooatrol* th* hydraallo 

proaaav« on a platea ooanaoted to tha controla, lha daaaads of 

hl^ gpaad of r*««a** and M«h praoiatoa haw aaoaaaltetad a 
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•Milou 4»8 

àml of anA •*p*rl«*»4 to 4*'»tlop «illobl» oo*- 

.IMMatit fMr%iflnl«irl#' tta* hjrdronllo «jq^llflor *«4. tào prttimr* 

(•c^Lalor» 

A U»% Hotel of 'Urn <h»'I*b tetcrlbtel olio*« tea tea» built 

aa& to*t*4. toil* %te «pateil ourted noil. It «till i-aqulr«« 

furtter teaalapMl to b* oo%l*telr Mtlafaoterr. A font*!" 

ftpAnalte la baia* dataiopod, m& work la mdar Mgr 

to teal#k a »»• Mtlcíaotorr n««iilatli)* valva. 

fte eoatvol-foro* load ln* »fulpMiBt mat aluo Inaart 

oal Ibra tad MMOUnta of alaatanoa, bate la ah, and coulomb friotlon 

to alaolata tteaa l«^arfaction* In actual aircraft controla, 

fhia problam tea team approaohad In too war*. Hactenloal da¬ 

rlo« a haw team, te aleñad to In «art thaaa quant It la* In tha 

control llnfcaiH», ate. a »tody la bain* ¡mad* to data rain* tte 

-■•rita of oalculatla* thaaa affaota In tha ooaqmtar and ai sa¬ 

lat la* than hr aaaaa of tha hydraulic aarroa. 

Data on aircraft laatnuaant oharaoterlatloa hart tea» 

*atte rad, «ad tarntet Iva layout* of tha la«traa*nt* »tartad. 

tha alowar, lata praelaa teatruamta (aooh aa foal *»«**) 

will protehly te roltmatara anarglaad from tte oompntar. 

tte mora praolaa inatrumanta will 'te aawll aarroiaachmni«»» 

raoalvla* laput date from tha computar. Spmoa limitation and 

«not la* pradal on raqairamaata nao« aaltet« omraful A«al*n to 

achter« aoaorata alamlatlom of parformmnoa and appaaranca. 

ta oonnaotloa with tte atudlaa of Inatromint aarroa and 

ooatrol-foroa loadln* aarroa, tte natura of tha Impôt signal 

■mat raoalaa oarafta mttaatloa. th* al«nal racalvad from tha 

computar mill te dlMoattenoua alnoa Information will te raaO 

ont of tha momutor pocrlodloally ratter than oontlnaoualyt 

team« atenga« In algnal nagnlteda mill te In dlaoxmtc etapa. 

Éiitt Hi I It., ....hi..... juuuyüyyuuuuujiLL 
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ri».», riri riririr ri.. riririU-* »X •» ■*" u 
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cwunoiiimu« 

t,0i %•«•» SNiwlip illwii«* 

JO**1.. slmwilif ... •»* «■otttr«! oip^mtloft* 

,«f 1U «lUrlwiM I »-Ul ..» IW im 'foliii*. » 6«. ^ 

S1mi«iii "lliiMk .fl-hMipii—.*t nï»*«f"i'lNi là'.. »4 **>• •*‘lltaitl0 *l*. 

iMiil tat ta* m% mweßmu t» «wir *f t«f«* »4 «vtjmt 

émlm*» ihi ®«a*wl *•*» ... «»ft trmhl* loo«Uoo, nM tu* 

«ti»«««» ■/•!««• aoftliJW»« »•«irt ti»* «WLiiviM I 

IlKMik ftla#r«»** HUMfe itacMN toe WiirlwiMÍ. II *ill b* *i«rt*d, 

f;,« mil m* « toUU»ft o#»*14«>3rmii'lMit of protebl* WMriwtM, II 

iWpIlCMilloiií. th* :w»4*ir 1« i.. to UImm &„ 6» *** 7 tw 

Movani* *f II» •#'«*•■ biook af tt» 

«««ipmtef «oêi»» arllMd* ui bandlin* «Xpï»b«llo^. Infor»!!®«, 

loo»llo». mã w*Ul ^mUoM. 

C®K»'Äli>i «ad .¿«OUI «««ral fwwUom« «r« r«Tl«Wl 1« lh« 

follawliii Iw 

¢,1 liMVMll»«« OliWÄlaf. »■* »romWL« toaAtlan 

VW of oovattr «uplKwiUoi» »«I »>«' 41 .. 

ntãêméi 
l. mow ià»r* ài# 00«I M III"* 

at pvoptriy ftáfwá H» oonila«»« «*l 

ootm«! op«»«*» of «m »quijal. »»Mut mah 

«•pUdAtlaiM fall i» Ä» «omtrol #«,IMNPWTi <'«' 

MBMplo. bandllaf of »Ir tmttta, otowOo«! 

pf>»it«i»»H'9 «»ft •ilftaif' ®p**»»)i4»i« 

f, Chowt flf|flta»ll»iui Wow «aatlnittltijf *£ vptmti** 

I» ao« ¢1 tipp*«»«* Ol'*» HIWI#! tor 

oorw-sr, «nwwr» wy *» tlmmUUf .»mlly, 

la aia»f‘ X »i m*% faalljr »»w»ro b» 

oovmt »»*1 P ftlmiummti^ »»U»M«, 
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«illlllil'íllMi 

NW1HhiíWIWHI|! 

il 

miiiii Sil 

if' il»** mmm* I* wuplwl* I» «• •<" • ftrt*««1* **» 

I* nRMMMwm 'H*i m®»' «*« *i ##«»*».* «i1»««"1 

*r tm* iwifcto»« I« <*»«* *• •«««»*«■« 

«Ulli' «»« liiÄli» "It't*!** IB* lit«1»«*1* <'«!■ 

iNiilii inwillliiifli will limpmii, «i 'in* mm.. «í 'i*1 »llüi***** 

... »iHm iM ;p*!bi" *f ..» will i* 4Pm»'W& .. 

irnUm «to!* Umm I* m »«t ».. «f ... u 
«omat mmmm ümi« »■ ..... 

C!*«i t »pi*i|iii'«*l:l*ii* iäi«i«f# #¢011111111 «f 

l« »»I »tMBil*! w* llw« **►* «*i» múimtiVí tl*. 

«••«*»,* mm mma fl»w àlimm tm mlvimt * '*>f 

iliHtai MipiliilliMi l* Äi«» i» »iPiiiii« .*«41100* 

fllinafctiig *»f I». ll»' antlMMiillin tel«r|^Hi.t**l*i«< of «h# 

skriiiii pwM**,, Má »Mt in» ««wímJk» ®f w» »*'»•»- 

MtiioMki i® ■•ahí»» '»«m, »■» i»* «*»> '¥ 

»• fwWLi« ütepoatenU? formUMA % two m&Mm 

Wm lu»' liÉ»fi«âi»t *«• **»i '*» « t»» 

HMàiHW'i, • iKMVirlaoa of tt* MU»»»« flit*»« •. tHo.;*«#, «*»** 

«» 'Um» fl(piii»tl»«» «f Hü iiftllfi *:1»»** H» *** f'««»»'- 

1ii.II«i<i«i will* to i*«»*»li ï* i(jj»ll* ÄiW****»♦ * Il I* 

(«««IMii I« AMk ll»'«i wt*p* l»r «»iliww'ta« t*» iiifflhl*» 

mumm wSÄ oifluí» .ta»» »««lli »Irtulaiiä Hf «11»'» ***»*• 

ViU iMiiPIM« MllMIMkt'IOIll '«Iwol» tmllt«« ÍHKMllMÍi:*é Oi** 

lA«sltiltil mImmM ul«® Mili» Ia ***» olMklnff* 

c^jUtfci , 'Hw 1*1»«» »M m*Hw« o# »• jaron««» t*w»i 

.«#%tlaai fw« ittlli» •©*• 1* ;i|jli«i«!p*fM* fl'ta ««*» n *•*»< Ijr 

A9l:t0*l;tin «ii «’ '*W pf*®f »»•Mn«. 1i»: ^»l«»1 

iMMtvl# «ritn má n«iÄ*rt «woo# * Amíb»! toiHwwd, *• Al»- 

» iiirtl»! »*l* *IÄ. * «»ir* •W»:*«*.* i*|Mi*»Ai » »«*! 
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•COMPUTATION! 

t OFTEN DESIRABLE*, IN MANY PROBLEMS WILL BE REPLACED 
BY PROOF READING. (S£E TEXT) 

« INEFFICIENT IN MOST APPLICATIONS, (SEE TEXT) 

PROBLEM BOLUTíON SEQUENCE: 

I A-3IEOO 
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1» p*MÍfel>* I« laacrl MljlWlWflia lalttimll«* m »li* ®»* 

-à» u 'te* rmwéKí m «I» til» 1» ^tW 

Um iiHflurT hrnrm bm* mtomtlMám *7 •V1^ 

M% »I «Ik* iM^OtfOl. «- ■>#-» 1* *• ftUwfW 

1, lapai *a talteiM 'toy opiral®»* 

4. Onnmraloa to toiMUT 

»• Iftitfllng «to« tolaary ««M» toaok t« 

4« t'rfnt4*! litt 4*oInal Mfew on • papar tapa» 

p, lanpaoMon of teolaal w*atoa» toy oparator* 

fita oourartloa «quipaoat «parata t 

rapidly aaoagto to that tba prlatla« It 

aoMBttally oolanldant witto tha lapai» 

th* to Inary ouabor ha» not y«t toaoa rocordid 

on tba fila; th«« th» oparator (»an oorraot 

«ay «rrora. 

6. Baoordla* of tolnary namtoar on fila» 

7. (abating of ttoa raoordad nnatoar with tba 

original Itoroa^it photoooll Intorloolc« 

(Boa Toluaa U, laotaan «toda* Haport). 

Both tha noatoor and it« coaploaont aro ro- 

oordod and. ohaokod. 

tw oadi fila* oaa too tranoorltood and oonparad if daolrod. 

.toolbar poooitoility ia to ohoeh tho fixot fila againot a 

aaooad oparator ao propoood for tha »araan of Stan lard* aagn*- 

11« vir« iapat» BoMtor, ohoohing io aiffloUntly oonplat* in 

tha writing prooaoa that proaf raading of tho popar top« 

agaihot tha original data ohoold toa oati «factory for «io»t 
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Sixrtiio» 6.1 

'psriOilXaiit. ObMÉiiK topliort* %•(»•• or dxfkHooXo wp^rofcori 

1* «fiírú*** U prooí roodlnt bu% tloo «P ^vmoX. 

Um obolo« la m «oo-MirIo problM dop«aAlim on tbo valia« oí 

%tm «olttUm. H U «VMUd thnl »«y «Sliw«rtix «olutlon. 

«Ill bo ram fit irla! nod, la^aoUom p'orj»««« in »blob **- 

tama&va 'Ob*oltl.it »lU not b* jm«tlil*4. 

Ob^oltl^g yithin lb* manblma itaalf will “•* four 

Alffanat »«tboáa. 

1» Cootliraoua ob«ekln« of *om» parta of tta»' 

»fllpmont nt ««ob atop of m operation. 

3. Intornlttant ohookinc of th« rommln&or of 

tita aiplj—»1 by tba ue* of obook probl«»a. 

3. Cue' in« of ebook slroulta and, for Inolpiant 

fallar«« da» to iiar*rlnal operation by tb« 

nao of inapaotlon problama. 

4. Ohaokl "f for tma tnt omit t «nt fallar«« by 
■alboMtlofil ohooka. 

Continnoua obaoktn« of all part« of tho computar olttor 

by oluborat« lnt«rn«l oh«ckla« or by th« duplloatton of oo*- 

patora dooa not •#«• «arrant«d* Snob oh«okln* la E» nor* 

•noooaaftil for dlnoororln« «»•adr-«!»!* «rror« than Intar- 
■litant obabfca by obaok problama. Continuou« ohooking will 

dlfoovar imtarmlltamt or tranalont fallnroa but ioaoa «mob of 

It a Taint boomaaa It «oppllaa Inadaqumta Information for tha 

dliábnal» ami oorroetion of tha feronblo. 1 Mathamat leal eh«oka 
«y« « anoh lata «apon«Iva way of dlaooraring tranalamt falltora». 

fba lima aavad by laamdlat* Aataotlon of a tranalont fault trill 

aot ba iqportamt aa long aa m»h fabita ara ralatlraly rara and 

oata la tdcam ta pvoTida raatartlag paiata la tha oonraa of a 



'WH.. 

MHVUM'fiAi« 
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iM'lloa 5.1 

:to«iÂjr MlmlaftiMU *««• «*»4iiwj»* pup»l«®l»rl^ 

la 1m.hI1«»« 'gglgt«» fil» agi. «wl Irangfir« »ittla 

II« «Npatwr 11 «gif «ill be yrgirMM I» Kktrlwliiá 1. *b*g» 

'«Êmék» «ttÉiii» lat«» ••«lio»« «f Ib* awAt»# bal »'«pire 

nldlvgly nui* »»lyiift ma » i»«« ot ii». 

OImmA prebiM «Ul be jagt of xhm aala progre» wllblm 

'Um Mbiae maA «111 b» ma mtOMlleaUjr mX frequent Inter- 

tai»# vrttaMjr of Ib» »Har of one eeoond. ft«' problem* will 

bo AeelgMMl lo 4««t Up oporalloa of oil oloaeat* of lb« ooa- 

palor «lib «• fog operation»' a» po**lble. fba lia» reqolrwl 

for «book probloao 1» aot eijJOted to esoeod 1 to 6 pereenl 

of lotol eoapallag lia», to orror mad* by aajr part of «» 

oogpalor during Iba ebook problem «111 canee tbe oomfnter lo 

«lop. tleoftr-elate fmiloree will time be detected shortly 

öfter they haw oooarred me well at lot emit tent fol lores of 

U# eooareaao froqoeaoy. 

lagpootioa probleno will also be performed at interrol# 

at the dieoretioa of '«be operator# for example, once a day or 

at practice prow» aeoeeaary. Oogponeat life teete to date 

Indicate that laterwle of this leagtb or greator art preotlcel. 

(too Sootioa 4.1 end 4*3). ft» ingpeotioa prooedure will oheok 

all aornal ohaoklag oirenits for proper operation, fox therm«**, 

it «ill be AeeigneA to da toot nargiaal operation end incipient 

follare ». Ver eauple# the Ingpeetlon probien» will b» ma ln 

tie oogpatlag aaoblae ne eaffleieat operotlag oondltloae are 

altered te deaoaetrmte th» operating aargin of oo^ownt elr- 

ottlte. ynllnm will ba redneed from a marginal to ooatimaane 

ooewrvonoe ami «111 be piobmA op la «be normal checking and. 

ooqpurlaea proeaaans ae that the emrea of error earn bo located 

and mirglmal oparmtiam aliaiaataA. ae example», th» following 



WHUHTUi. 

•orlie» 6-1 

of»»t'liii m» 'b* oteii«»áj 

1, fiai« »liai» *mi**A «où, b» eto*«^ 

nip-nop rat»*. a«pllfl*ir wt-pat 

slfniil«. #tct» 

2. OrU bla* tollaf» »i«»* and lowrad to 

oiMHok olroalt toluWM«* to t»S»t trt«»r 
i 

•IgHAlS. 

3» Clock r»p»tltioa rat» inor»»M<l and. d»crtta.»*4 

to 6b#'Ofc. fraqoanc/ tndapandaaoa of circuit*. 

4. Artificial ioaá» addad to critical circuit* 

to olMM* * lability of si#*!*. 

laaotttloa of till* ini^-ot^on aaVkanoa can ba »4* 

«tiralf autoaaílo aad »hould tak» bot a fea al nuta f If *qutp- 

■aat la proparly daal«a»A. 

1« 1* aspaotad tÂat ttoa Majority of Intaraittant fallur** 

'»111 ba aroldad by th* aarglaal fallur* ob»ok* in tb* inapaotloc 

problaa. »oa intaiwlttant fallur«» wbicb ara not *o aroldad 

oaa baat ba dlaoof*»d by tha up# of «atbanatlcal otaca* on 

»■nit* or partial raault»- Such obaoka al#t b* for »ooth- 

naaa or Idaatlty or aran In •xtraa# oa*a* by ropatltion u*ln4 

an oatlraly différant ooqputl^i aalbod* *»a If a «lapla 

»tbanatloal chaok la not pot tibie intaraittant fallur#* oaa b* 

día»aturad by *lMply rapaatlns bha original problaa. Stoady- 

•tata error* wblob oould oauaa both an*war* to b* wrong a®* 

ifHi bo dlacota»d by tba obcok problaaa. A tru# int«r- 

alitant arror will oauaa a dinorepaaoy botwaoa tba two run*, 

Dlaeotaring tba axlataaoa of an arror la only on* part of 

otoeotdiig. «lati aa important la tba location and »pair of tba 



B*©««» 6-1 

«Mit? pur«.. fk* «drlv&al «o^ptUr« will «»• «u** .«•«•ml 

■»«M« f«<f Ikil« f*rp««*« 

1. IndlMtor« will b* yrùvttoà. for bloK» fft**». 

kr—tort, ow»rtot|>t«*w t«Mî »*1»** 

jh/titAl trtmMtt* HonUort will to prowltod 

fir ftlt» ihtf*** Miplltoátt, «M fïwquonkcltt. 

ftott' Ma&tort will to taiomtio with Imál- 

«tttort and will .alto prtiitat watt toaptt on 

otolllotooptt at tto optrator ' < oontolt. 

I. Ito tatirt c >Mg^uttr oaa to ran 

tto oontontt of all coapattr rtflttor« tola« 

available on neon ladiontort at tto oparator * • 

entölt« In addition, It will to pottlblt to 

nut tto ttiohliM at kt# «pt«* j»t to da- 

ttralnt tto oomtsat« of any x*«t«tor at any 

tlao. Oolnoldtnot oonatoro, tllattratod in tto 

ooatrol 4ttk* Drawl ns 1-31068 of Bootion 3.1, 

aato It pooslklt to «loot tto oontontt of any 

of tto ooaputor roglttor* at any tlaa-jmlat In 

any oparatloa of a oongntln« toquanot. fto 

adwanta#a of this «yota a art toth that tto' 

««■pitar ftmotlonin* at hi# optad nay to 

otootod and that It will ba anoh faatar to 

raaoh a partloalar point la a ooopntatlon by 

thlo ataña than by atap-by-atap oparatlon. 

Dm ooinoidtnoa ccontara oan ba aat to atop 

tha ooaputor at tto aalootad point In a problaa 
'«r to ainply axtraot 'tto daa&rad Inforaatlon and 

allow tto coqpoktar to prooaad. Profiaioa will 



oaariKitui 

toot le» 6.2 

to wwlit for là* axiUi'M«!« o.«ii|»rl*oa of 

Imo tod »»altor« vito o'Utor« prMkmuIjr •*. 

ItMtod or i*t 1» "6j" Ito ooa«ol* to/tmrd. 

1, ftoudto-looatioa pro’ll*«« *r* *ap*ot*d to to » 

«Mat powarfttl add la looatlai fault» «Mod ooour 

oontlaaaaal/ or at t raquant intorral*. Tto rulm 

of ttoaa proo* ••*• to* alroady to*a d*aonatr*t*d 

:1a ill* 6-*ta«» aultlpltor. Ito trooblo-lototloo 

probl*«** *aj ooB»l*t of ««ay thousand ordor* 

tot toêd to proparad only onto for tto ooopat*r. 

fhoy will b* «torod oa on* of tto Iqpet fila» 

.and a*ll*4 lato um only «to» aoodod. Th* 

•oquiio* will «tart with •i*iB*»taxy op*ration* 

roquirin* a »‘ftl-aa aaooal of «qulptoat and, 

gradually laoorporat* tto operation of ottor 
» 

omqpatlng olroult*. Tto coapiut*r will g*n*r- 

V. , ato a dlstlactlv* anator pallora for each différant 

part whloh fall*. Once tto eoaputor 1* tollt and 

rana lag It oaa to used for g* a* rat lag tto** 

pattarn* lt*olf although ttoy can to gonaratod 

*wro laboriously 'by Manual a*an*. Tto tab to of 

pat tama agalnat fallur*» can *lttor b* coa- 

onltod by tto oporotor or *tor*d on film and 

oon*ult«d by tto mac hin*.. II 1* «xjiootaA that 

the Majority of aaohln* fallur** can b* located 

within n fov nimia* by thla man*. 

6.2 fipaolal Control funotlona 

Tto* tftolrlwdnd I oonputor la *o d**lgnad that addition of 

*p*oi<itl opomtlona lo ralatlvaly *n«y. Many of tto*« «poolal 
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OûnriMcvtw 

Snotioït B >v2 

«ftmtloM luivt not 'b#« laolMnâ In tiw flr«t d««lfn But on» 

B* #ââ*4 In lÂ.t*,r dé*t«n» or ««m «AM to Vfatrlvlnd I nt â 

'Iiilnr tat*, to** tyootal oparntioii* r*qulr* no oIwimb«1« 1* 

tlM phgr*loal •qBi.p**«*. 

JdÿJMUMtloid lof ornât Ion and «or tin« By *lpli*B*'Uoftl 

o L« ••if tant ion am to r**Ally kumdlod ln tto HBlrlwiM Co»- 

pat«r. AIvfa*totÍ49*l pro Bl. *«» tor* tim« f*r not Bonn on*« of 

mg or ln»«r**t, tot *r* di*oa»»*d in Tolw** 7, 14-134, and, ln 

tootlon 6.6 of thi« Volum. JPinllutlÂiuri' innatlcntlon« Indl- 

a*t* tluit tli« Bi# coaqmtlnc ac»**d *M tto 1«'«* lutount of ln- 

toraal ■to»#i »BloB o*n B* pr.>rld*d 1a fhlrlwlnd eo.oq;mt«r« «Mil 

to *ff*ctlT*ly mod 4111010011/ u»*d ln oorr*UUon and »ortln« 

proBl**». 

tocuuAlAtlon o- product» 1» typical of tto UM o' 

op»r*tloa Mhlob oould to r**dlly provltad lf tto n**d aro«*,, 

toouaalntloo of prodnotr al#t to highly datlraBl* io iiatrlz 

operation». On* of tto »xtm order position« »vailabl« ln 

Bhlrlvlnd 1 oould to u«*d for thl« »p*olal opération. 

Aoouanlatlon of produot« 1« dl«eu«Md ln Volum 7, H-136. 

lartraotln* «qtwr* root« «fall» not inolutod ln UhlrlwlM 1 

M a »paolflo progra* ortar 1» not appr»olably nor* dlffierait 

for tto parmllnl typ» arlthmtlo *1 »wnt than th» pro»*«« of 

division, intoaatlo division to» to»n Inolutod a* mor» 

*»n»raîly u»*fol. la Whirlwind I »«par* root« ar* »xtraotsd by 

prograa—d arlthmtlo »t»p«. Bow*v«r, th«. autonatlo «ztractlon 

of aqoato roots would roqulr« llttl» additional »qalpmnt and 

wtrnld b* datirabl» for ah/ aaohla* frsqnsntly uead for problsa» 

Involving trlangnlatlon. 

Spoolal output ooatrol» ar* raqui rad In *any of th» »Ima- 

lat ion prohlaaa. O» aqnlpaaat will, ttorofor», b* ahl» to 

.....»MM* 
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teotlaa 6«S 

ftsfani 'iwil» fvMlloM ü» aysrftUaf «wli«**«» oofttroiit»* 

MriraiiMiolHfealMMt awl pvifontlrag atlwr op* ratio a« 

af a aalwr« Aieà teva b*#» **t ip la tï» oon~ 

Iralliiig praoma* 
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«fBKÜtUL 
S««li«a ft «O 

• >0 .IgvUMlIoaM 

FfftJ<wt UktrlwiaA p*l it a mImújuím ti1»«**» 

to«.iiyi.iaf álfltai «mpttmt, 111^¾ aaá «««pit of plijrtiotl 

twattti#« •«« íbwiwpíohí itigpt« tai «l» rttoí.**, md «v «¡«d 

•««piMatt »ípiwiNi! f«r •mA lo tiloma. ItuMtltl. to tibi« 

pf'i***»., It « MMUilljr •iftciiMt'Pti tKM|Mitor «Mob mit "I»« «até m t 

•■«ui in lá* M»rk In» 'to 4mm» «|Mt4 lit* ft««« mi 

Ml Maj to B*lM .pottllliii lito otiMlaUon of walroi and »ml-«»«' 

•ianlaUm fro'lilMii, tel nI»o to ««• tf fio tom«./ tiw «tooirioml #,M 

tlMlronto MaiMMn'It «f 'Um t/ttoa. Yfct Vblrltlad •/»'tom ota 

'iMMfl l»f»»if«! la Ml/ fontor laalaAto« mitort on fila and 

■»••to* to tofti Mm/, aoM4>AMiaml, *M «l^Mtoitoal t/Molt; 

•iMtotoal volltipin *to*-i»lM «ioAato*loa¡ mA MolMatoml potiUom*. 

Hw O'Otpi'ior atm pr • mt anatrioai and fiapbloal ratiLUt, ii*d, 
mm (MBlral iafohm,:110a, aad ooaaaatoalioa «/'«toa«. 

Sm felrlvlad ottoputor oaa to arraa/td to prorld* 0 oat» el •!,/- 

■ala for aaotoalaaa raadla/ fllaa, aacaallo tapo, papar lapa, or 

P«**«* M4a, ao Um» laformlloa la aa/ original fora too India« 
tototypaa oaa to nUllaad. 

Saoaaoa of I,to ooadrol aad ooapntla« flaxlMll*/, protoloao 

•aA lafovaaltoa ««Aad for ottor ooagpillac «rato«» oaa litowlao to 

latoiprotoA, aaad dlrootl/,. or oonvartod to tto propar Khlrlvtod 

«ratoHi of aotatloa. Shla «said laolnda Wit cuaooptoaoa of data 

orlcUally praparad la Ito 00 dad daolaal a/a toa, alitor ordlaar/ 

or aaoaaa Itoaa. aa aall at alptotolloal lafonalloa oodad la oataral 

foma* Addinoaal ooMata oa alptotolloal work win to fooad la a 
aoolloa oa Ito Ooaaaa Baraan. 

Haar atailallaa aad eoapalla« «plloalloaa tota kaaa laforaall/ 

ooaaldartd with imrloao «raapa. oal/ a faw of Ito a tot los tova tota 

radaoad lo flaal arlltoa fora, tooaaaa dala oa o^aellvaa aad 
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mwnaifjuü* 

HM'Ollttit 6*1 

rt *Xi*m*%* ttf tiw fVtUM üwî* 1* «•»•ml tw*» too 

i—mriTtT 

'ttw ftllowiif p>r*ta«M ft» tjiflMi 6f A* tjp*i iMXot bmm 

I.M mmUwmA 4iM ilmmmà. Ht«« Iww b*** Fw«»d fw Will 

I« uniat QMT'titln tlwt WHtiuriWl t^ilpwrt w»M t»» r+qxlr+- 
lUMMiig ®f 't)W W»M «ffhUt «rfflOl#»t é»Ull Iwt »«wlljf 

'bmm nidttac* 

i*l Jdf fnffft* Ooatrol 

for « MNwnt air traf fio ooatrol » V« <wa. for 

tiw po^poM of <WMplt Altomtt traffic ooatrol at atroly m 

iaforaatloa ooatar aitlwat baooalas iatoltad la tbo problta* 

of aircraft pilot pwoàolofF* tiw qutttioa of data prataatatloa 

to tiw pilot, aad «w roUtitv a.rUt of tha Tarloo* axitoaaUo 

nftt^no* Sha ooaatatt apply aqaally to ooatrol at air¬ 

port# or along tlw alnwya. Mr trafilo ooatrol and, propor 

Iw tliag of tfea iJtformUoa aa# ro<3ftlro aa«ai others the 

following fnwtioaa: 

Ju Hadar lef«mat ion 

1. Sha oovotar shoold roooivo radar data ladloatinc 

tha rango» boaring» and. wartleal angle of all air¬ 

craft ln tha rlolalty« 

2. Ihi» radar inf onation ao it arriva* an at ba corre- 

latad with pro rions aircraft iaforaatloa* 

3. Sha radar any of tan «apply beacon a igualo to tha 
«Mpatav for identification of nont of tha aircraft. 

», £ valant loa of lafomatlon 

1. I nooning iaforaatlon naot bo nood to oorroot the 

oalenlatad location* of pinna* in thn rioiaity. 
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SMtlOB t|.,l 

HMilKUlk iOlllfelHUlk líala, «UHUiU 'H ll iMMi Bill H idlllii '41 mili liH'1 »ih. hium.imuiiiIiiIa: iBh IB, -lili, 'Iüh, ill1 lllillll IHlBluOlll, lulUtllJ lililí ullliljllbi ittUi MISM Oll OTUIAOM 3« OrSftl 10A9 ravvuni 

'«feuMM' ft« #,rtrmj»i*«*d «r pv«4i0t«4 Io akutofe' 

0|plit0l aoliialoft or Io t«l«ot alroraft cmt of 

»«•Icnti. ¡poallloa«. 

BI*im Mfuliad lafora»tiO'ft »bottt mdk «irorafi 

fa Ils«1 ar« a » fl&f« fnf omal X oa laotiXd Xoo Xo-4« t 

». X»"0'Oordl'M»l* of poplUo» 

ft. T-oooráln»U> of position 

c. altitud* 

d. X»ooordln*t* of tp**d 

». I-ocordlUAt« of ap««d 

f. tat« of ollsft 

g. tat« of turn 

li. Mew*Tj prcftsftiUll«» of lit* »tor* 

ponUlan« aad »«!•« 

I. Do »111*110». 

J. Origin 

k. IdanllflentIon 

l. Ottar Infomstlon of inter* »I 

Um ooqputor noting n* nn infomntlon o*nt*r Mould 

moognln* Mw nlrornft «ntnrlng tb« nr** nwf. Uta- 

win« nboMld moognlM and rnnoir* fron ttw oospoilng 

df*In* Umm nlrornft wblok tanvn l*ft tlw nr** or 

ksv* Inntod. 

Bm ooavnllng «r«Ms should so* Infomntlon fron 
»«Mr tat»olor* nt It ftnoonn» nmllnftl«. for 

MMapl», trlnagnlntlon fron othnr mdnr ttlt, 

vlaasl tightt» ftnnoono» nnd mdlo onn nil ft« 

owrmlntnd to glm n fttUtr ownmll plotur*. 



Hawfloa ¢.1 

a. of l»fo*«*tiö» 

tolMl»!«' Alvlmi« mi tjsáiMtor* ikwuM H 

mmlUUs for proaovilm ihm roqalrod UfoimMoo, 

1. XaálMtloa of »0* oiroruft ooatat iho or*** 

I, laAfoolioK of oiroroft «roi of posit loo or fll#t 

potto n>. 

a. iteral«* of poooltlo oolllslom ooorooo *M p*r- 

ha^ts laAlootloa of roooiiMMioâ oouros «teoaS'S. 

4t DUplojr of tlii* sor non Aina olr octlrltj, showlaa 
pro sont pooltU a of oroft, tHolr prodlootod 

posit loos. SOA MM lodlcaUoB showing oltltoA* 

os «oll as X-I posit Us. 

ü. «stoaatlo Oootrol 

So far as tit* iaforaatloa soatsr aod ooopntlss 

oqotposat ar* ooaoornaA, op#ration oaa bs rsadll/ 

ojctosrioA to looloSs os toast lo ooatrol snob as 

blind oporatlons. This fnnoUoa wwald 

bo Aopandant on sol tabla dstoatln« «pparatas 

for prevlAlac tào roqplrsA acooxsogf of alrorsft 

pooltloa. 

B. lafotr 

flofotp aaA rollablllty la air trafflo ooatrol 

woalA of ooaroo bo of otosot loport«**#. Coa- 

jmtlnc •folpwnt for baadllnc tho air trafflo 
ooatrol problso oast bo oaclosorod fcr tbs 

grootoot potslblo roUabilltp* In addition 

tltlo tppo of spplloatlou Jmotlfloo tho uso of 

oaltlplo oonpatlag «nits for rollabllltp and 

oh—hliig ip—posos* 



ÜÛiVllIiitLâl» 

a*aUo« fi 1 

O0«ia:U»r aav tm prolû«« «f *i»' %»•***« ®®Ätr®1 w;‘t,llII#4 

*tow* tiw mvmII/ of a oo*|»%lM BMhi» !• by 
Iw» «MttUUaat lia 41#t *K»:p*#» **|jawitty awl. H« oo«i»Ua« 

.^**4» tta» *1» trafila raatrol will "b* iwlaiaû b»p* 

I« lia» ihlrlvlM I «rataa. Skia la »«% taaaaaa tl«* Älrlwlad I 

uyalaa la 14a all J aalta4 lo trafilo control.- tw.t ralbar b*'~ 

«Mttaa 11 aaraaa na a® trampl* **4. a aoala of rafaranoa. 

j||igi»3tlaMkta tola for tha ÜtlrlviaA I «y«ta« follow» 
•ton*: 2,000 raflatara, 16 binary 

41*11» aach 

9pmk: .30 aloroaaooa&a, plu» or alaua, 

par oaalo »pamtlc» 

Va mat o—la» both toa apaat aná tba atora#»1 capacity 

in ortor to »mínala Iba mornlaaaa of a *lmi» raobla» la a 

«oiuflad proULoa. Sba f:l*nra» tolok foUow ara probably 

aooaLrato wltbla 30^ aaA ara baaad on totalled aludía a of 

olallar problaaa. Ia Itoa 1-3 abom, wo Halad 13 quantltlaa 

di lab alight ba raçnlrod for aaoh alroraft» Otoar» not Halad 

■l^it bring toa total to 30 atonia raglatara for aaoh air- 
piara, Za «araral, too 16-dlflt aoonraoy of a atora* raflatar 

In Mhlrlwlad I dll ba ooffloloat for any of toaaa tpiantiUaa 

dtb too pooolblo omoptloa of X aad I poaltlona and oortaln 
of too ratoa. (fenatlUee rognlrirg biabar aoouraoy ray ba 

baadlod dtli 3 atora* roflatora allooatod to toa qnaaUty, 

prodding 33 binary or approxlaatoly 10 toolaal plant a of 

aoaoltldty* toara» for porpoaoa of lllnatratlon that wo dab 

to to«®!« a of A0 alrplamo la too area at ora tira, 

total »tora* repaired for alreraft data to thoa 60 tira a 30, or 

1,000 «tora* ra*tatara. 

tfftf oa pradeña worfc* abent BOO raflatara are roqplrod 

for otorlaf tha ooapablM pro«»«». ' fbora ooatrol ordara ia- 

ft.«** toem raqplmd far haadllag too radar oofrolatloa, tba 
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léiatlfiiMktlM of .im «iroroft, tio» oxtmofclo» of «14 otroroft 

fm» tl» eoMymtlat afol«»* oM i«ooc»1Uob of ttoo mrloo* 

oltomotoo oaá 011001 loa» otolol* ti» inf »root loa 

oaotor 1« to iMJkálo. A fVolislaoiT 00.110111011001 tr»oto»at 

of mAiur oomlatloa 1» «tvo» la Tolo«* 8» H-lSft. 
•> 

V If too» taiMi»4 vofflitora 0» thoroforo r««tlro4 for 

•tor lag 11» ooqputloc pro groa aad tJai»1 »lrp:io.w» 'loto. th» 

iwatlaiag &OO stoxog» nglitor* of MlilrlwlM 1 wald o* 

*vo 11*81* for storlag dot* roipxdla* fll#t patMrni, or 

Hi#! b* uwtd la 0oiu«otton with oatoiMtlo londlag proc«dar*»,, 

8* out Hov flxaaln* oo^patiag *p#«d roqulxoaoat» for tb* 

•boto profcl«. In, paorol, only 0 port of tb* 50) ord*r* 

will b* r# «alrod 000b tlao o porU«rular *lror*lt la tb* olr 

ooatrol «yitoa 1« oon*14*“od. twoouno oony of tb* poiilblo 

«borgoaol*» .and ooatlngiooloi noad mot b* tr«ot*d. Soy for 

«xaapU 900 ordo re or* r* qui rod for diopoolng of • now ploco 

of rodar lafoimtloa rolotlag to » port leu lor olrplaao. fb»' 

roaolaiag 900 ordoro or* u*od only oooooloaolly to troot 

olrooaotoaooo. 2b* ooaputotlon, sorting, ond ooatrol 

lad loo tod by tb* 300 ordoro will roquiro, ot 20 olcroMooad* 

'•sob, opproalaotoly 8000 alorooooond«. Co troot ooob of tb* 

(SO olrplaao» mold than roqulr* 0.3 ooeoad». o» tndlcotod la 

tb* tabulotloa bolo*. 



ÔÔiÂJÂTJlÀi 
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tta«iLott ft. 3 

VhlrXwinA 2 fltonm* 

pm fltMM 

ttwai^r of plMMw 

.l*fl<rt#r» for «11 pllaikw« 

Bofiotoro for propra« 

10(1 ««oro roMisilag 

«H« roifiotior« 

30 

60 

1000 

000 

640 

Ottiffttltmf tia» jwr orter, 
ovonfo ao «loromo. 

Ord*r« p#r «Irorwi t, 
300 

Qoam%xa^ txm p*r 
nUsnfX ,006 Me. 

0M«Nitla« Um, 60 
«irertí* 0.3 ««. 

It !• proUbljr aol MMtMurp io ooagmto alrorafi poaltloa.« 

MMili ono-thlrd Mooad, 2»i th« «Mit tonal, Um a,l#t b« d*- 

TOiod Io landing or olhar oparallont. Xxtcnolon of lho 

alorada «apao it y Hr addition of other digit oolnnna would 

■aka poaalhla tha handling of largar manbara of aircraft or 

latrloata daiaila ralaiing 'to flight paitara* and control 

operation*. 

6.8 Mr Yoroaa Oonpntar 

UapraMBtatiraa of tha Mr Yoroaa rialtad tha Sarvo- 

MOhanlana Laboratory In 1107, 1M7, to dlaoua. tha application 

of Mlklrlwind oonpntara lo a largo**0ala bookhaaplng 

logtatloa problaa. fha problan «at oonaldarad only in th* 

da^ll. parait tad hjr a tingla oonforanoa. fha raanlt of tha 
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04MKf*r*;M* tiu»t ttdtltflaA ©o^pmt*r* wmlA mm 
nmiXklVj la %!» w«bStc4 «ppUoaUoa «M iitot tb.lr hl& ©P**4 

■.■ut ia%«mal ■•■ory noald 1>* '»©laabl» la iba tortlaf aaû, 

©allailai; a®* ratio ai raq,»ii»d. Â* pro’bi*» al*o raqalrad 

oparatioaa oa aatrioaa up to th* ojHIar ICO, th§ p*rfornan«* 

of ahtafc ig jjraatli aoo«i*rat«d by *jctaa»lf* internal »tor*«*'. 

Io vor Ik '«at uod«rtaik*n la oonaaotlon with th« Air fore* 

parOigruHi b*1®*!!.«* It point*« out that Project Whirlwind, »•» 

profWMMi'th« »• rapidly ** poaalbl* and that additional fand* 

at that tía» maid not appr*o'ably aco*l*rat* tha availability 

of «qnlpnimt to th* Air foro*». It «*• fnrth*r potnUd out 

that Whirlwind *(plpa*nt A*» d*v*lop*d would «i**t th* r*- 

fuiraiMnta and' that th* Air Ibro** would b* w*ll advl**d to 

await th* availability of th* flrat Whirlwind «yat*a to try 

o*rtaia of th* probloa* outllnad. 

Ipooifloatloaa a* orlflnally wrltt*a for th* Air lor©*» 

daaorlb» a o«vnt*r toa» 10 Um» th» capacity of Whirlwind 1 

but «aaller thaa Whirlwind XI. 

6.3 Aray and law/ war Oollacw Simlatcr 

Slaalator» for taotloal traíalo«, haw* b**n dl*cu***d on 

Mwwral ooaatloA» with a*ab*r* of both th* Amy and th* 3awy. 

A ooqputar with ohamot*rl»tio» of th* Whirlwind *y»t*a at a 

•Ab« iat*m»dlat* b*tw**a Whirlwind I and Whirlwind II •»•as 

ao*t appropriât«. In on* applldatlon th* «inulator m»t 

«•Mvat* 'll* absolut* and th* mlatiw* notion» of Alp« and 

task group« of th« opp«»ing for««» (wing «inalat«d. At «aoh 
* 

of th« nan/ oonaanl o«at*r» nu»t bo ooatrol« whioh »at into 

tha «««put«* tmoh faotor« at th« dlwmtion of th« oonand 

growp a« ooarWi apoad, fir« ooatrol, and dofoao«. th* ©©■- 

putar mat km§ a running aooount of pooltlon», daaag«, off«n»iw« 

and dafaaaiwn ««vaolt/, and aoorlng . 
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8*4 Oolite* iliMllU tete teteetlm 
» 

OMfMMits of tte tflulrlvliai ■yrri'tm am mltebl* la 

pwlloállf tte fra» Mw ooul'iiipiateid for «ffUraatlrao to tte 

proVlM of fptlte* Hltflte «tete »áwaitloii,. A oowpator of the 

Vhlrlwlwi X Iff« ii:l#t te ««»4,, tel * »'d*«í4ja#â «M «»» 

omtpMt waloA« •vtlmlant la |ilyr«iMl ooaotrraotloa tel of 

«Halter (Oi^MlIj tkag tDalrlwlaâ Xlt woalA t» »orw mi tob lo. 

la «mà a (patite* alfolio dota tenàllnf tgrotoa, all toloaotarod 

ixtforjMtlo» «bouId te rooordod la a fo» «tetabla for dlroct 

a«« by dl«ltal eoaimtatloa. alónalo oodnlatod by ooAo, tlao 

pol*«* fteqpoaoy, or aaplltud*« ma bo latorprouA by roaoonalLy 

alHpte olroalt« and. raoordod a* binary nuatero on pbotofrapbio 

fite« ftlaoo lUte data thuot a» roe ordo* will bo subjoot to tbo 

««tel oaporlaontal orro_ ■, laoludla«; rminbaotf La tbo atiaorloal 

TCùaoo aad la aaay oooos oaloolon of eloaolo duo to toloaotorin« 

aad ooaaanloatloa fallu». It will bo aaooooary that tbo ooo- 

puttee «oratOH aauioth aad latarp»t tbo rooordod data. 

fur ojHtiplo, tte ooapatlae profraa oaa bo oo doolgaod 

teat alióte« teforaatloa oaa bo f 11 ted la by oxtropolatloa of 

praoodla« aad «aeteodla« data, auch a ooaqputlag progroa al^it 

ba roadlly aot up oa tea baste of trajootory ooatlaulty aad 

■MMteaaaa. Xa aoot to «to, data will bo rooordod at oovoral 

xuaatvtef point«, and tbooo mot bo proporly natobod and 

owlnatod in tte date raduotloa proooo«. frlaaeulation for 

trajootory teoo»« pooolblo by aaasurte« tte Um dlfforeaoo 

of «Ignal roooptloa at oow«»l »oolwla« point« or by tri- 

aacntettea mate« tte a«*rar«d radar ran«« from ««wore.! looationo. 

*te* waHld te moorted aten« with tea teta to pondt oorrutetlon 

by tea «oapttar. Data oa trajaotorl«« and tea aloollo control 

«fato« tebarlor ahould bo radnood to tte final fom »quteod 

for tetarpntattea bafo» tea aatarlal team» tte aaaorLoal 

fora la ablali It oaa te teadlad by 'tea oo^putte« ^rataa. 
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•*0 'll# fcainiiii PMltaa 

11 I« »«Of vMj '«tel toforaMtioB h*» bmu r*- 

Miwt alNml U» mmmë p,r*61ii»„ CoaMMfMatljr» tmry llllla 

wtiilf tai 'tmm itt»» I« -tt* MIMI1» finablaa 1« Mlail#« to 

IklrJtvliA I. Dm folloirljiif o<Mwi»t« Mm boon praparvd on 

«•in «tort 

tlw panlliir piropirtiot of the oonsat probloa **•» to bo 

M lollovai 

a* f«f lav^t qnai.tlUat of oxtonaa dato aast 

b* haa&lai. 

b» Um 'tadle of tte work Ito» ln MrtlD< and. 

tobalatla« fehto axtiraal dato. 

o. Il al1'.' to BMiflaaiY to tranafor, sort and 

to Wate alphatotioal data naine tba aaobiaa. 

lia falai nqpaotoA fwa Un «m of dlfltol oorpatara arat 

a* (hraatar ^paad aad aooaoagr. 

b. Kara afflolaat storafi of axtornal data. 

'»ara ata than two omfldinratloac La tha woklaat 

a* Hi iataraal orpia liât ion, oo^patlac epaad. 

aai aabop pnoadnxa aaat ba «tab *.» to 

afflolaatl# oarrjr oat llaltod aan^polatloai 

with largo gnaatltlai af data. 

b» tha ingrat aai oatjmt afolpnaati aaat ba 

anaagai to aoRpljr and raoalva tha larga 

tpaatltlaa of dato hoadlad bjr tha aaahlaa .aad 

to do 00 rapidly and afflolaat]/. da afflolaat 

balanoo aaat bo aaiatolaad batwoaa tha apar«' 

atiag apoado of tha oogpator aad Ita lapat 
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••§ tim te««»« tmUm 

XI 1« onljr W191 ««•ailjr Mtail lafonaalioa has b*oa »- 

aliom* 'Uw »*««1« proll*». OoMMVuintli',, mrj lltila 

wtoAy hm mm «Ivan Io Dm ««aso« problaa la »lat loo, Io 

»IrlvlaA I. fh« mimtm 
tlfl« ahairi aaltM* 

Dts paaaMsu* pTopa rilas of Um» osa sas pro bisa lo 'bs 

as follow»« 

a» fsrj lax'tp qpMllltss of oxlsmal Aals moi 

bs liandliSd* 

b* Vhs bulk, of tha wirk 11s« la sorting sail 

tabulating this sxlsitial data* 

o. II wir. b* ases a oar/ to transítr, aort art 

tabulais alptebstloal dart using ths aaohlaso 

fhs gala* «kpsortf. trm lbs uas of digital ooaputsra arsi 

a* dr sa tar gpssd and soonoagr. 

b. Hors sfflolsal ortrsga of axis ras l dart. 

thsrs ara than two ooaaMsratloas la ths naohinst 

a* Its lartraal orguilsalioa, ooapatlng ipssd. 

art »«tap proosdnrs mat bs sooh a a to 

«fflolsatlp oarrjr out Halls A aaalpnlailona 

wHh largo qnaiit&tlsa of data. 

b* Vhs Input art output aqulpaonts mat bs 

arxaagrt to auppljr art malva tha larga 

gaaatltrta of Aata hartlsd by ths aaohlaa art 

to Ao *o vapidly art af/lortatly. Au sfflolsut 

baianos mat bs aulartlaad bstwssn tha opsiv 

atlag tposAa of tha ooagmrtr art Us laput 

I,IJliJ,11.1,.1,Ll.y.LiLl 
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Mié vut.pi.i «fintpMant • IStm mllo of fcfa# 

iiuÉwtr «f oo^api'Mir ^railom« porfonioA 

lo 11m «muI of lapai tola raoalaad fro« 

lap»« 1« wall !••• 'UM» «xlila la ■Iwiatloa, 

oontrol ««6 aoloutlflo calculât loa proûlaaa. 

ZI la «fflwll altlMut a totalled alodjr lo dlacoa* 11» 

•altabllltj «f fila lapai mâ output of Vhlrlvlad I to tt* 

ms wo U JMjf «ail 1m tkat au »raaaM* aadliui Buch 

a» «aiathto 1«f9 wmj 'ba aufîlctoatl/ la»» npanalr# and. even 

aoffiolaatljr wra flaxlhla to narraiit lia uaa la atoad of photo- 

<raphlo .fila* !t la alao difficult to a all aato th» «ff le la wo/ 

of halaaiM hotwaii lAilrlviaA. 1 aud 11» propoaad input «at out¬ 

put tovloaa for oacana prohlaa*. It la al»ay» poaalhla, ho*- 

ar«r, te uaa w: tipio input mM. ¿ftpat aqoipaant with a *la«;l* 

oaaputar. Ooaaaat will ha llaltad hara to diosa »alan of th» 

latarnal orpalaatlon of tha computar Itaalf. 

Virait tha Whirlwind I ordar eoda has haan daaiicbod to ba 

ooavlataly paaaral and flazlhla. Xha snip topar tor« a have baaa 

a fa* addition* to faollltata ooapatatlon oa tha prohleaa of 

pria« lpt1 lataraat. Oorraapoadln« aodlfloatlona for handliim 

oonaoa Inforaatlon ooold ho laoorporotad. HowoTor. no aoeb 

■odlfloatloM Boon warraatad* 

tha canina prohlm ratiaoaa to a aorlaa of luapactlona oa 

•xtaroally aïgmllad digital inforaatloa* that# laapaotlona da- 

taraftM olthav adtolltv or aa^toda of tho muahara Involrod. 

tha duuraotor of tho mabar dotarnlnaa Ita dlapoaltlon or tha 

didpoaltlon of aoooqpazgrlac data* tho toalrad oparatloM wj 

laoMa tatnlatlon la walaotad ragLatarat tha raatoraga of tha 

aatlro hlook of data oa aa outpmt tapa, or toon wAlfloatloa of 

tha data Itaalf* 
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Um 'HkirlvlM o*.mpi*,fcir will ptrfora: UMm* fuaiüUoii« 

thrra# ilw ia.tw #f !«• aâállloa, •ablrMtlo«, * if litte, and, 

oosAttlöiwai «tSfrognui orf«**» ihrograit«. a«»jr b« rwadll/ 

wrlltttb for oxauBliiiac «uSlM.ra tÄi.ofc ooettp/ oonalaorabljr !••• 

tlMJt • Mfiotor •• will 'bo lli* Mt*« in aoat of là* 

o*Bullí* appIlMktloM« or for •auaiaiiBi; traabora wbic-h oocupji 

aovtral lanf'ih* $mh as *ro llkoly lo oooor in 

alpàâlMrtiOitl »orllja*, lo troubl* It prtMoUd. by block« of 

lAfonMtlou rotjalrtn« ««»•ml areglttcm in whicb aaoh r*glti*r 

ooabalna a*r»ml »kort nuabor*. 

Xba Mgb' coRpuling «p««d .>f Whirlwind 1 ahould reauit In 

Äort »olution liawa In oontut pro bloat at in othort« If ih* 

oo«{Ktt*r hand loo inf oras&t ion f»st*r than 16« Ijçmt and output 

dorio*« om Iran of' * It. Ikon a nu»h*r of «noli dorio«» can bo 

t»«*d with «Mili oonputar. It »ay alvo b* po««lbl« to um «on* 

of '11m high ooaputlng opood to porfora acr» oomplleatod «ortlng 

and tabnlating proa*««*« within the consulter» ihn« reducing; the 

noaber of tranafar* b*two*n tap«». ¥hl« «drantage will baoon* 

*or* apparent if a large amount of «torago oapaeity 1« pro¬ 

vided.. At prêtent Whirlwind 1 will allow tabulation In abena 

1000 to 3000 different categorie* depending upon the «lie of 

the tabulation and the anount of program, required. If deoired. 

thi* etorage onpaoltj oan be inorea sed. 

Al thou# no thou# «a« giren to alpha betlo data when the 

organisation of Whirlwind I «a« planned, there a*ea« no reanon 

to eoppoae that the oonputer will be unable to handle it. 

the aeahine will handle each data, o «moldar lug each alphabetic, 

oharaeter a* a binary coded number which doe« not cooupy a 

fell cegleter length. The aaohlna will require no faollltl*« 

beyond than* already available for sorting alphabetlo data in 
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mvsmtm, •inMi.iiiwf «Igtelwt la tm «fw-lti/, or 

iMnl»¡p.l*llni iirillMiMili« inl'oiimlíoa irtili ■irtori» 

VurllMr lafwüi'ilati an thl* «ibjaafe will to fanto ln 

Tain» ?, ft-m. 


