
UNCLASSIFIED 
 

AD NUMBER: 

LIMITATION CHANGES 

TO: 

FROM: 
 

AUTHORITY 

 

 
THIS PAGE IS UNCLASSIFIED 

AD0896845

Approved for public release; distribution is unlimited.

Distribution authorized to U.S. Gov't. agencies and their contractors; 
Administrative/Operational Use; 1 Nov 1947. Other requests shall be 
referred to the Office of Naval Research, Washington, DC 20360.

ONR ltr dtd 9 Nov 1977



THIS REPORT HAS BEEN DELI ft I TED 

AND CLEARED FOR PUBLIC RELEASE 

UNDER DöD DIRF.CTIVE 5200,20 AND 

NO restrictions ape imposed upon 

ITS USE AND DISCLOSURE. 

DISTRIBUTION STATEMENT A 

APPROVED FOR PUBLIC RELEASE; 

DISTRIBUTION UNLIMITED, 



PROJECT 

■ whirlwind 
.Cbnlracl NJortiSO 

'S 

/ 

SUMMARY REPORT NO. S 

VOLUME 2 

THE 

WHIRLWIND PROGRAM 
(PART II) 

SERVOMECHANISMS LABORATORY 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

NWY RESEARCH SECTOR 
_ n C SCIENCE [MISION 

^C^Mnprprsw 3 makmmm 
' .rraraí?nt'-!jltinrr UBRA8Y U^GON&RcSS 
Aoi^m « m 



"H 



i 

MiiiMIWIMÍM IWUtHlMI! 

I 

M-166 

?0 1 oí 6 

THE WOHLWIMD PHOOBAM» PAKT II * 

Volume 2 of 22 Volume« 

SenromechaMeme Laboratory 
MöBeaohuDott» laistltute of Technology 

Cambridge, Maeeachuaett» 

. 2 0 7/ ^ /6 

11 
. . __.... .... s 



Stonraary Harport Ho® 3 

Author«» of malarial for which 

credit ta not given in the variou» 

reporta and nenorandwAB® 

Jty W„ librreater 

:tc'hert R« Everett 

Harri» 1'ahaeatook 

Prof® Philip IVaaklin 

Hugh Re Boyd 

David R® Brown 

íkíorgo Ö® Hoherg 

G® Robert» Wl®ser 

Outlines and 
Editings Prof. J. R. IJlman 

Perry Orawford, SDC 

Print Utg and 
Auaeu^I^s John 0o Proctor 



Stœmary Eupori Ho » 2 

Voiima 2 

Yoî.xun« 2 t»î thl» reporli 1» 

a oontinuatlon of natari.rl la 

îolama lo 



i* 

H-16 j \ 

Tabla oí Content«' 

Volum« 2 

ffo rework 

Contente of Voltaa 2 

Liet of IlluBtri.Uona 

Croas Heforenoe Liât 

Pag© 

til 

It 

T 

7,0 Hßthometice.' A 
701 The Mathematlos Progra» 1 
7„2 Studiea Already Completei 2 
7.3 Pia» for future Investigation 3 
7.4 The Practical Estimate of 

Error ^ 
7.6 Influenae of Mathematic® on 

Wl Design 7 

8,0 Training* 9 

9.0 i Engineering Ilraa Dletributloniji# ! 
9,1 Staff Time Distribution W 

10.0 Organixation ani facilities. 
10.1 M.Ï.T. Organ!Kation ” 
10.3 Project Personnel 

* 10.3 faollitlea 
10.31 Space end Servie®» 
10.32 Electronic Engineering 
10.33 Storage Tub® 5‘evelo{<> 

ment 
10.4 Photograph» 
10o5 Staff Liât 
10,6 Machine Tools and Equipment 

19 
19 



vt-166 

Illustration 
Hon'ber 

B-31304 

B-31206 

3-31201 

)1-31174 

B-3117B 

B-31176 

3®-301 

fB-394 

JB»290 

3503-286 

FB-300 

fB-239 

PB-389 

' ro-388 

iFB-286 

TO-387 

303-,274 

ÏB-378 

ÏB-276 

IB-381 . 

Illustration LI6¾ 

Voluao 2 

ïltlo 

MultIpilor 1o valop»ont 

Simulator 3)evelo).iui?nt 

Organisation Chart 

Barta Building, Baoomont 

Barta Building, lit 

Barta Building, 3nd 

Barta Building 

B-C Root!flor® 

Lecture Hoorn 

Machino Shop 

Building 33 

Machine Shop, Building 33 

Drafting Boom 

Blue Print Itooia 

Stock Bijoa 

Infitraraeat Hoorn 

BleotronU Teoimicleno Laboratory 

Teat Equlpiaont Development 

Yidoo Amplifier D»ßi|^ 

Pulse Transformai* Development 

After 
Page No«' 

13 

13 

31 

33 

23 

33 

37 

3ft 

39 

30 

33 

32 

34 

36 

36 

37 

38 

3P 

40 



'.WMWWW- •'lÊn.'itf" WMMêWHÊN- 'iWai^íy.. . . -<■»■«■ m—ÉMWHl mm«» 

* 

M-166 vi 

Illustration List, Oontlrmeà 

Volt»« 2 

Illustration Title After 
lumber 'B&i.a Ho » 

IB-284 Reslater Teetlng 41 

ÏB-283 Vacuum THibe Teste 43 

F&-376 Tuba BXaok-out Invastigatlon 43 

FB-282 Hip-flop Clrailt Development 44 

F8-277 A-C Coupled Flip-flop Development 45 

F3-380 System Testing 46 

IB-379 Crystal-matrix Switch Testing 47 

IB-298 Storage Tube Laboratory 40 

F3-112 Mod3. sing Appasratus 49 

FB-397 Secondary Bmianion Teste 60 

FB-197 Glass mowing 33ench and RF Bomber 51 

F 3-293 Vacuum Systems 53 

FB-194 Glast) Lathe 53 

FB-296 Storage Tube Test 54 



Page 1 of. 3 

Mit;1!! 

RUAREN CE INDEX 

M Series Meatoranciuma 

HJr' VÜL, íiEF„ VÜL, Rfcli" VOL,, 

U-32 
11-46 
k-56 
W*VS8 
U-61 
M-62 
w-fc3 
tó-64 
M-65» 
M»0<> 
u-óñ 
w-69 
M-71 
M-72 
M«74 
M-76 
tó-77 
k-?P 
U-80 
kà-01 
ii-82 
M»»83 
W-85 
M-89 
y—jfi 
M-92 
M-94 

8 
9 
9 

15 
8 
4 
4 
4 

14 
4 

15 
4 
fi 

16 
14 

4 
15 

8 
16 
16 
16 
16 
14 
U 
15 
15 

8 

M 96 
U«96 
te-9'9 
W-1,00 
IÍ-101 
M-103 
M-105 
IÍ-106 
M-107 
u-109 
I1-110 
y-ui 
u-112 
u-113 
M—114 
M-116 
H-117 
11-118 
11-119 
11-121 
W-I23 
M-I24 
M-I27 
M-128 
11-129 
U 130 
y-131 
IÍ-I32 

« 
9 

15 
tí 

il 
16 
19 
11 
19 
16 
15 

»? a 
9 
7 

19 
L6 

7 
16 
16 
9 
7 
8 
{ 

16 
»7 

9 
li> 
16 

14-233 
M-134 
U-135 
M-136 
11-137 
W-13B 
U-140 
y-141 
11-3.42 
I*~2ii3 
u -.149 
«-145 
y-146 
y-u? 
11-1/48 
11..149 
11-150 
M-151 
y~i52 
w-153 
y«.i54 
w-155 
u-156 
«*■157 
M* 158 
y-159 
M-160 
y-161 

18 
7 
7 

7 
7 

15 
4 
7 
« 
9 

10 
11 
’ï '> 
13 
14 
15 
1.6 
17 
1H 
19 
X> 
21 
22 
11 

7 
9 
8 
*7 
t 

jÊumâÊ^^'" .... u 



I 
MIWffilMIIWIWti/t 

- 2 - 

EBFERKHCE IMDEX 

I Series Meaorattdujna 

G Series Momorandum 

BKF VOL m, .yol,. 

E-7 14 
E-24 7 
E-31 10 
E-32 10 
E-33 19 
E-37 15 
E“38 19 
E~39 15 
E-41 15 
E-42 15 
E-44 19 
E-45 19 
E-47 15 
E-4Ö 19 
E-ig 19 
B-50 16 

E-52 19 
E-53 13 
3 -54 19 
£-55 19 
.^.56 15 
3-57 15 
£-58 19 
3-59 19 
E“60 19 
£-61 16 
E-63 19 
£-64 15 
£-68 13 
£-69 15 
£-71 19 
£-73 16 

C-15 14 

1 



¡ 
I 

HMt'MMi1: 

MÏJSfflNCE I1ÎDSX 

K Serles Memorandume 

BEF. YOLn REJL YOLn 

B. “36 14 
R-49 14 
R-63 14 
R-64 3 
R»'89 19 
B-90 4 
R-94 14 
R-98 14 
R-100 14 
B-103 14 
B.-104 16 
R-106 15 
R-108 15 
R-109 19 
E-110 9 
R-111 15 
R-113 15 
R“114 8 

R-115 
R-116 
R-117 
R-118 
R-120 
R-121 
B-122 
R-123 
R,»134 
H "125 
R-126 
R-127 
R-127 
R-128 
B-129 
R-130 
R™131 
R-132 

4 
4 

16 
16 
10 
19 
18 
17 
11 
14 
19 

5 
6 

10 
12 

9 
1Q 
10 

—T^~~r~—-- T 



Section 7.1 

7,0 Mathematic 9 

‘Iha original mathematical work on Project Whirlwind was 

started in the early part oí 1946, and constituted an Investi-» 

gallon of methods of Interpolation and Integration to he used In 

the airplane stability and control problem» The recuits of this 

study were used In the programming of the aircraft problem which 

Is reported in Volume 14, C-16. Dr. Loud investigated the 

stability of the ntunarloal aolutiona proposed for the airplane 

problem. (Sea Volume 8.) 

The project*« mathematics work is under the guidance of 

Professor Franklin of the M.I.T. Mathematics Department. The 

mathematic» program under Proiesoor Franklin Is discussed In the 

remainder of this section. Vhia material has been extracted 

from hie memorandum M-160, in Volume 8. 

7.1 The Mathematic® Program 

The projected Whirlwind high-speed electronic digital 

computer, from the mathematical point of view, ha« several 

objectives« On© aim Is to solve the equations of motion of 

aircraft and so serve a# the computing element of mi aircraft 

analyser. A more general objective is-the solution of other 

simulation and. control problems of engineering interest, 

particularly in the field of dynamics and ordinary differ¬ 

ential equations. 

The mathematical studies in the past heve related to 

specific equations of interest, «owe teat* of existing 

namoricai methods, and attempts to anticipate and overcome 

possible difficulties« At present a study of known methods 

of solving siwultaneoun linear equations and differential 

equations is under way, with a view to the coding of euch 

methods for the computer. These studies will be extended 

to other problema listed in Section 7.3. 
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t 7c2 Studie« Already Completed 

A surrjjr of numerical methods; made by ftp. Loud end his 

associates, «mnnarlzed In Volume 8, M~61 revealed as 

eubjeots of mtjor importance the cclutioa of linear si nul ^ 

tanecuB equations, and the solution of ordinary differential 
equations. 

j)or the solution of linear simultaneous equations, 

elimination methods, Iteration methods, relaxation methods, 

matrix methods, ¡and the method of steepest descent heve all 

"been considered and exposition« for thee® methods studied. 

Por ¢01(16 of these, codes are In process of preparation. 

The errors inherent in oolrlcg systems of equations of 

very hi«* order, when all of the coefficient a nava rendons 

errors, has been pointed out. 
* 

4 numb ir of Solutions have been, carried out for simpi® 

differential', equations to provide cas» historien of gooumu- 

lated round-off and truncation errors. These Indicate tin 

objections to numerical Integration over a lar?« lumber of 

eyeslea without sous« «heck, such as the use of the energy 

Integral for conservative systems. The possibility of 

filtering out frequencies corresponding to computational In¬ 

stability taring hau al.so been considerad. 

A method of using Fourier Transform» to enti sate ‘the beat 

value of a function or Its derivative (the mossage) whan its 

vsiluea over a long range arc knowr only to within certain 

random errors (noise) was presented to the gro^. Later studies 

indicated tide as hr;dag restricted application to computation 

becaa.se of the rare occurrence of data with truly random srrors. 

Last y >ax several conferences: were held et M,,1,1. oa 

t 
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Engineering Department «emlnar, but were well attended by 

representativos of the Mathematics Department and Project 

Whirlwind, Mother series of smaller conferences were 

attended by some electrical engineer»» including Professor» 

Hasen, and Y, W. Lea,, &r well aa several, rnembers of the Center 

of Analyal». The mathematicians present included Professors 

Phillips, Martin, Wiener, Eranklln, Wallman, and Thomas. 

In addition to these men other staff members 

have shown an Interest in electronic computers, and a 

willingness to give advice when problems in their special 

fields ar® considered. Thus, if shock wave« are under con¬ 

sideration, advice can be obtained from Professors Tslen or 

Liu, or Dr. Koj;alv who are »11 familiar with this field, i'or 

elasticity problems snd their theory Professor Hei saner, for 

statistical and meteorological application« Professor Wadsworth, 

and for general numerical computation Professors Hitchcock,, 

Croat, and Hildebrand ere available. 

The many mombere of the M.I.T. Mathematics Department who 

are interested In numerical computation contribute much in¬ 

formation about recent developments through informal discussion». 

In addition, the staff members of the project have 

attended meetings at Princeton, Philadelphia, Hew Haven, and 

Cambridge, at which competing methods were discussed. The 

group has followed recent developments in the theory of codes 

and numerical computation at Princeton, Harvard, the University 

of Pennsylvania, and elsewhere. 

7,3 Plan for Futura Investigation» 

Certain problems of interest to applied scientists and 

engineers can be moat conveniently solved by numerical, methods,:; 

Classified mathematically, the principal types are aa follows: 

_^_Ü_,_ _ 
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1. Solution of ordinary differ*ntlal equations 

with glvan initial conditions. 

3. Solutlcu of parabolic and hyperbolic partial 

differential equations, obtain!ng the 

chrracteristic curves as in 1. 

3. Solution of systems of linear tilmultaneous 

equations. 

4. Solution of ordinary differential equations 

with boundary condition® at more than one point, 

5. Solution of elliptic partial, differential 

equations for various types of conditions on the 

boundary of a region. 

6. Solution of non-linear simultaneous equations, 

7. Least square solutions of overdetermined systems 

of the types of 3 and 6. 

3. Solution of Integral equations, 

9, Tabulation of functions. 

While the relative advantages of different methods muy 

change in the transition from hand or desk calculations to 

high-speed machines, It Is improbable that any radically new 

mathematical principles will come into play. Much past and 

recent experience bear« this out. 

Thus, the method» used by Aiken in computing tables, or 
by the Watson Laboratory In checking the moon’s motion, boar 

strong resemblance to those long known to astronomer*, and 

except for the use of conditional order» the methods used for 

elementary functions, such aa those coded for the A.R-C, by 

Booth and Britten, would have been need by Babbage In the 19th 

Century if he had completad hie analytical engine. 

'.s:. ....: 
:vt 
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Again, the report on linear equations by Bargnata, 

Hon*gomeryl, and von Neumann recomiende as the two best 

methods an iteration rule, stated by Hotelling, which amounts 

to an application of Newton's method of approximation* or an 

élimination method which is that used by most computers in 
such forma as those of Doolittle or Grout.» 

And except for minor details of technique, the differ¬ 
ential analyzer uses mathematical methods differing little 
from those used by Kelvin In evaluating special integrals 

with his globe,diok,and cylinder integrator. 

This suggests that the first attack with the computer on 

the problems listed above should be by processes close to the 

traditional ones,- Of course, two spécial, points to be covered 

in taking over existing inofchods are the coding of complete in¬ 

struct ionr. to remove any human Judgment, nnd keeping the high 

speed from letting us carry the computations beyond their 
range of validity. 

Study is planned for each of the categoriea listed above. 
Comments on the attack planned on xh of these categorie» 

will be found in Professor franklin1 s memorandum Mr-160, 
Volume 8», 

In addition to general methods, several aspects of the 

specific application of the computar to the analysis and con¬ 

trol problem will bo considered. Thus, the detailed equations 

and constants for différant types of surface and air craft will 
be investigated» 

Soma preliminary studies of statistical correlation of 
radar data at Information centers will be continued, 

7.4 The Practical Estimate of Error 

While existence theorems are nice to have when they can 
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b® obtained, much munerlcal work proceeds suoc««sfully without 

them, for example, astronomers guessed right on semi-convergent 
asymptotic series before they were understood by the puriste. 

Series with coefficients obtained by numerical methods are used 

to predict the moon6« position years In advance, but the 

stability of the system of sun, earth, and moon under the known 

initial conditions has never been »stabilshed with complete 

mathematical rigor. Many of the Iteration processe® used to 

find roots of equations can either converge or diverge rapidly. 

By comparing, say, a fourth and a fifth approximation, and 

senelng the size of the discrepancy, a computer can be pro¬ 

grammed to recognize the process as finished, promising for 

further approximations, or useless for computation because of 
divergence or excessively glow convergence, 

A large percentage of recent numerical computation for 

partial differential equations haß no other Justification than 
that the results seem to converge. Undoubtedly many WI and 

WWII solutions will use such evidence, for lack of anything better. 

Beam so of the labor of making codes, high-speed, machines 

will be chiefly used for whole fields of solutions. A certain 
amount of experiment on the machine may be needed at the start, 

but ono® verified for a few cases, the method will extend to 
the whole field. 

Similar considérations apply to formulas for the sise of the 

.error, These are seldom used literally, because if rigorous 

they are apt to be much too pessimistic in practice. At best 
auch forrwiilas are merely useful to prove convergence; a com¬ 

parison of successive values then estimatea the error. 

These comments should not be construed to mean that no study 
is being made of errors In numerical computation. Such studies 

are being given great Importance, but It la the feeling of the 

Project that much of its work must be performed without 
rigorous estimates of errors» 
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7,5 ï ha Inîluano» of. Hathomatioit on th© Dao-gn of Whirlwind I 

Th« epeeIflostion« for Whirlwind I were aet up with 

the ala of prodding a prototype ospool.) of performing all 
the operations desired from a computer, on a scale largo 

enough to he applied to many typical situations, and 

sufficiently limited to he conutructablo in reasonable time. 

However, within this laßt limitation It was found feasible 

to provide for greater speed and storage capacity than any 

existing digital computer poséeseos. 

The types of desired mathematical operations are fairly 

well known; namely, the four fundamenta, arithmetic 
operations, and certain logical operations auch an shifting, 

digit transfers, sub-programming, and conditional sub- 
programming, From these fundamental elements any finite com¬ 

bination of computational processes can be built up. 

The mathematician's requirement is that these operations 
bo performed either directly or by combination of other 

operations. That division or square rooting can be either 

built in as special operations or carried out by a sub-program. 

The present plans call for a built-in division unit. Also, a 

few special order* enable the operator to call for any 
particular sub-program, square root for example, as easily as 

though It were a built-in operation. 

Considerable study of binary arithmetic and the con¬ 

version problem showed the feasibility and advantage of having 

the computar work In binary arithmetic but translate data 

and outputs from or into the decimal notation. 

A guiding principle of the Whirlwind I specification» has 

been maximum flexibility. Thltt will simplify the extension 
to larger models, and will increase the effective power of the 
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conmutar, for exemple "by allowing m arbitrary distribution 

of the storage capacity between numb or r and order»» 

33eyond the fundamental question« ¿unt mentioned, and 

varification that the computer han sufficient speed and 

capacity for certain specific problems euch ae that of air¬ 

craft control» mathematical considerations can have little 

effect on the basic design» 

With regard to overall capacity of later models, 

experience with Whirlwind I and theoretical considerations 

can only dictate ratios of oomponento, rather than absolute 

sise» Por the sise at any stage will always bo limited by 

economic and engineering factors. Any machine is certain to 

haw junt a little lesa capacity than that required for aoms 

desired applications. Tor Whirlwind I, sufficient capacity 

has been provided for preliminary investigation of aircraft 

analyois and for complete treatment of other control and 

simulation problems. 

* 
%!®ir 
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8,0 Training 

Preaent progress on hlgji-ip'isd electronic digital computers 

will make equipment available on a production basis mich faster 

than personnel Is bain,; trained* It it therefore ueceeearj- that a 

well-rounded computar development center undertake a training 

program. Successful execution of a training program dependa on 

availability of computing equipment similar to that going studied. 

Although preliminary training In mathematical methods and computing 

system design can ba done without operating equipment, an operating 

system must be available for laboratory work In the later stages 

of training. Furthermore it Is difficult to build up the required 

enthusiasm for a training course without actual equipment. The 

expected availability of the Whirlwind I computer within a year and 

a half has stimulated considérât Lon of a training program at 

The M.I.Tc Electrical Engineering Graduate School at present 

trains man in computera es part of their work toward an advanced 

degree in Electrical Engineering, The Graduate School quota at 

the present time permits sixteen Project Whirlwind ataff membere 

to work toward advanced degrees while holding full-time research 

appointments with the Electrical. Engineering Department. The man 

on an academic re sear oh appointment spends full time on Project 

Whirlwind research work except for the six hours per week devoted 

to attending classes. The man coupletes hie academic program with 

an advanced degree, with a background of electrical engineering 

and mathematical subjects, and with the experience gained in actual 

laboratory mite on a computer program. At the same time these men 

melee important contri butions to the Project Whirlwind work. (See 

Volume 12 on Input and Output Devices, Volume 17 on High-speed 

Switching, and Volume 18 on Pulse Traneformere, ) 

In addition to the regular academic program for staff members 

of the Project, the thesis research done by members of the 
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Electrical Engineering Sefpartment teaching »taff and hy full-tine 

graduate utudenta la often made a pert of the Project ’•‘'hirlwiml 

baaic research ctudlas. The Project haa px*oTitled the equipment 

and laboratory facllitlets for several thesis studies in which the 

work la closely associated with the subject of almulatlon or 

computation» Examples of such thesis research are the Iconoscope 

and puleed-light studies of Volumes 30» 31 and 33» 

The first step toward extending the curriculum In 
digital, computation has been an expansion of courses in the 

Electrical Engineering Department, Center of Analysis» Professor 

S» H. Caldwell and Profe seer Richard Taylor with Mr* Prank Yerzuh 

and others have extended the academic work of the Center of 

Analysis to include groat er emphasis on digital computation and to 
provide elementary laboratory work In this field» 

Courset in many departments of M.I.T» contribute directly to 

the application of digital computers In their respective fields«. 

Attention is now given to numerical analysis in several courses 
within the Mathematics Department« It la probable that for a well- 

rounded program certain comees should be organized specifically 
with high-speed computing equipment In mind» Memorandum M-61 In 

Volume 8 by Dr. Loud discusses Mathematical Training in more 

detail.. 

Beginning In November 194?, Project Whirlwind will conduct 

a conree meeting two hours per week. This course ie primarily for 

training Project Whirlwind staff members, several of whom ere new 

to the program and unfamiliar with the field as a whole. Staff 

member a from other departments at M.I.T. will be invited to attend. 

The course will continue until available material has been 
covered. The block diagrams of the Whirlwind system will be 

treated In detail, as will electronic circuits and the components 

of the Whirlwind system. In the field of problem coding, th® 

greatest stress will be placed on problems of simulation and control. 

II 
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The training program which will ho conducted this year by 

Project Whirlwind will be recorded and tranacrlbed and should 

provide an excellent bnsla for a fonnal académie conree in the 

future. 

A training program la digital computation should Include 

preparation of people for mathematical research; problem set-up. 

coding, and machine operation; computing ’nao hi ne development; and 

machine maintenance,, 

A, Mathematical Heseareh 

Persons wall founded In all phases of 

mathematics must bei available to formulate new 

problems as they mise In terms of the proper 

mathematical concepts. These people must also 

search for sore accurate end more efficient waye 

of executing problems which can be oolved by 

presently available means. Research is necessary 

In tha errors arising in numerical computation and 

In the existence of solutions. High-speed 

computare will open up new possibilities in the 

field of statistical research where highly trained 

personnel will be required,, 

B, Mathematical ïorraulatlon and Problem Setup 

Many of the pi’oblems presented for machine 

solution have been studied and are reasonably well 

understood. Men with a good mathematical back¬ 

ground and an understanding of the potentialities 

of large-scale computers must be available for 

reducing problems 1» a form which can be handled by 

computing equipment. Ability and imagination In 

this field will be essential to effective use of 
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almulatlon and control equipment. People from 

all ecioctlTie fleide ahould be drawn Into computer 

training. It le felt that the use of large-scala 

coœpuiert can be reodily mastered by anyone with a 

good scientific background. Widespread application 

of computen can come only through (Appreciation of 

the capabilltiee of conçut ere by people in all 

fields of scientific activity. 

0. Computing Machine Peveloî>ment 

For many years to come, computare will require 

Improvement and redesign. They oust be reduced In 

size and simplified. Mobile and even portable 

digital equipment can be need. Those working la 

machine design must know mathematic a, electronics, 

system engineering, and production practises. 

D. Maintenance 

Beginning at least one year prior to the 

delivery of computing equipment to a new location, 

an adequate training program must be set up for 

maintenance personnel. As discussed elsewhere, 

computing machines must Incorporate extensive 

facilities for error indication and trouble ehootlng, 

but even ao the equipment le ooirplex and the 

training of well qualified maintenance personnel must 

not be overlooked* 

It la recommended that the Government agencies having use for 

high-speed digital computing equipment take immediate step* to train 

personnel, aa outlined above. Such training might be arranged on 

the same basis as presently used for the M.I.T. Radar School and 

the postgraduate training of Army and Navy officers. 
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Sects.oa 9 1 

9.0 Engineering Sime Dlstr'tmtlon 

D: awlni;B B-31204 »ind B-3X205 have been Included to Illustrate 

the magnitude of the engineering effort which Its a between a block 

diagram or a design study* and a final operating computer ay stem 

The engineering phase a of the arithmetic element are Illustrated 

in Drawing £>31204« These correspond to steps 2 through ? of the 

10 steps in Section 4*0» The outer activities are of n basic re¬ 

search nature whore couponents ar® studied and developed« Hesuits 

of the applied research are then used In design of a final system 

The illustration converges to a 5’-digit multiplier built for 

eye teme teeting purposes® Similar flow diagrams could be drawn 

for other elements of the computer and for the complete computer« 

Drawing £>31205 dhows activities converging into a complete 

simulator or control system,. She computer, although the most 

complex. Is only one element of th® complete tyetem. Be search 

groupe muet plan the simulator system Including computer, mathe¬ 

matical formulation of problema, human response studies, displays 

and recording, and output actuators» These actuators may be 

awltobas, or output servo systems» 

The following section Illustrates the preceding comment« by 

giving specific figures on distribution of staff time for Project 

Whirlwind» 

9,1 Staff Time Distribution 

This lu m analysis of the distribution of effort by the 

Whirlwind staff on th® various phases of the work done to 

bring the computer to the stage of development described by 

the block diagrams in Vo luna» 6,, 6 and 7!, by the aircraft 

equations in Voltura 14; and by the electrical system drawings 

in Volume 13» This analysis covers the period of Hovember 

1945 to November 1947» It does not Include the work done in 
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Section 9 1 

comparing aiaaloguo and digital methods which resulted in the 

decision to build a digital computer., Omitted also if the 

tia» »pent, during the period covered by this report on input 

and output devices by the iiaetman Kodak Company, and on de- 

alga and construction of electronic equipment by Sylvanla 

Electric Product», Inc The »taff work reported herein has 

been supplemented by the work of draft amen, wind tunnel tech¬ 

nic las a, and electronic technician« varying- from 15 to 40 people 

during the period, 

Figure» la the following tables give man-month a of staff 

engineering time and the percentage« of total time devoted to 

mrioug phaiseu of the computer program , The Summary in Table 

l ihovn that of the total time of 560 man-month«,, 14$ was de¬ 

voted to admialat,ration; 20$ to the aircraft equations. 

Mathematical analyst«, and block diagrams; and the remainlng 

66$ tro engineering» Table II 1» a more detailed time break¬ 

down of the above aummnry, 

Somo comment o on what la included under the various 

headings will be given to avoid ml «under standing slnoe the 

terminology in the field of. computation ia not consistente, 

Under the heeding of aircraft equations are Included 

(1) the setting up of the equations of motion of an aircraft 

In a form involving coefficient® which can '¡3© experimentally 

determined (Velum 3, R»64); (2) determining those variable 

coeffloiontf (Volume 14a JR-90); (3) determining the nuiabor of 

points which must be stored to give an adequate representation 

of the coefficient» (Tolva» 14., 1-103); (4) formulating a 

step-by-step procedure for solving these equation»; (5) coding 

the procedure for the computer and (6) determining »cal® 

factorsc 
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Section 9 1 

Under mathematicn are Included Investigatlone In the 

field of atop-by-step solution«, Interpolation and integration 

Bjethode, and other subject« necessary for, but not limited to, 
the apoclflc aircraft problem. Theoe «ubjacta are reported 
In Volume 8, 

The block diagram work reported in Volume« 5, 6 and 7, 
Involves no electronic work. The block diagram group con¬ 

sulte with the electronic engineers to determine if a pro¬ 

posed schema le technically feasible from on electrical circuit 

or timing point of view, and in such oases tho time of beth 

the block diagram men and the electronic« mo. ha» been charged 

to block diagrams » Also charged to block diagram«, as far a® 

poealble, is the tine spent by any electronic engineers or 

supervisors In studying the block diagram« to Insure that the 

operations therein described arc adequately designed and built 

Into tin» ayotem Work on aircraft equations, mathematics, and 

block diagrams han occupied 20# of the staff time. 

The figure of 17$ of staff time on (storage (Volumes 9 end 

10) lo quito accurate,, since the greatest part of the work has 

been don© by a group who have not been concerned with other 

parts of the computer. The subdivisions of storage Into re¬ 

search, construction, and test are somewhat arbitrary but 

appear reasonable,, The research program of the storage tube 

group has been greatly accelerated by our ability to frequently 

consul' with and draw on tlr rich experience of Professor 

Nottingham of the Phyaic» Department, Professor Harris of the 

Chemistry Department, and Professor Brocke nr idge of Electrical 

Engineering Department«, Their time,, of course, doe® not 
appear in this summary. 

The electronics effort, exclusivo of storage,, input, out¬ 

put, conversion, and technical supervision,, amounts to Mfn of 

_ _«_ 
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the total 3 Where to draw the 11» between circuito (Volumeo 

15 through 19) and the syetom (VoIuju® 13) 1« aoaewfaat open to 

queetloBc We believe that a very largo number of tube« and 

circuite tauet be out together before the appearance of the 

trouble« Inhärent. In système rather than circuite» for cr¬ 

amp le,. the 33- position switch (Volume 17,, H-123), which con¬ 

sists of flip-flop circuits( gate circuits, and drivers, 

containing 5? tubes and 100 crystal diodes, 1® not yet con¬ 

sidered or assigned to systems Assign and test.. 

TABLE I 

Man-mouths gsigsnt 

Administration 81 14* 

Block Mngrams, 
Mathematics- 
Aircraft Squations 109 20* 

Storage 93 17* 

Electronics, Input,. 
Output, Conrersion, 
Cockpit, Technical Supervision 276 49* 
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3®cUon 9,1 

TABLE II 

Man üaoDtht? Pero* at 

ADMINISTHAIIVÜ ,31 14jj 
Sopervluion ia 
ProcureKent, Stds , Stock 37 
Hon-»taff, shop«, aervlcee 12 
0Æ1 Liai eon ? 
Goatracti end Sub“contract* 7 

MCE í I GAL SOPÜEVISXOÎÎ 

BL0CÎ LlAQfilMS 
Sorlal 
Parallel 

HATffiSMATICS 

AIECJUPT SQÜATIOHS 
Wind. Tunnel Staff 
Whirlwind Staff 

32 e* 

46 
19 
27 

43 856 

20 456 
3 

12 

GOCSPIT 34 it 

IHPÖT, OUTPUT, CONVEHSIOH 3,9 3¾ 
Magaetio in-out 4 
P '.I» In-out 2 
Binary - decimal conversion 5 
Binary analogue cvnverslon e 

STORAGE 93 17¾ 
Re search 39 
Con struct ion 12 
To at 3g 
Deflection 7 

___ _L_ w, 
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StOtlOQ '3 1 

TMXS II 
(conta) 

Mm: rnortha Perçant 

BLBCTHOSIG SI3TKM DBSIGH 
and TBS'? 41 7# 

TEST BWIPMKNT 
OaollloBcop* rïdaetgn 
xnlse ganaratora 
ïraquancjr di’rldara 
Miaosllana oua 

43 
4 

15 
2 

22 

ÏLIP-PLOP CIRCUITS 
P®alga 
Tolarwce and stability 

36 
24 
11 

PULES TJcUNSlURMEES 23 

M1SCBLL&SB0US CIRCUITS 
and QOMPQKBNTS 48 

Gata circuita and tub«t 6 
Tub® ohazacterlatics and Ilf« 3 
Switch circuit» and crystal# 13 
Lin© driving 7 
Coupling UMsthoda 6 
Palay elementa 4 
Power supplie« ß 
Kiacallan«eus otreuît» 4 

9* 

TOTAL WHIRLWIND STA» ESPORT 668 100^ 



Sect loa 10=.1 

10.0 Organization and Facilities 

The following «sections oat line the relation of the Project 

Whirlwind to other Massachu.eetts Institute of Technology activities* 

the project staff organization* <ani the available facilities with 

photographs 

10 1 MoIoT« Organization 

Project Whirlwind Is administered at the Massachusetts 

Institute of Tachnoio¿y by the Division of Industrial 

Oooperationc, Th» D; I. C- has a number of laboratories each 

associated with some academic department of tie Inetltuteo 

The work of Project Whirlwind is carried out in the Servo- 

üä« chan Isas Laboratory as a part of the Départaient of Electrical 

Engineering a The Laboratory can call on the Electrical Engl- 

aeering Department for ooneul.tat.lon and additional facilities 

when necessary, and has found, this of invaluable help in 

carrying out the research work* Project Whirlwind has close 

relations with the Mathematics Department and has been 

greatly assisted by tbs Physics and Cheats try Departments» 

The detail® of these relationships are described elsewhere in 

this report« The Aeronautical Engineering Department worked 

for months on the preparation of the aircraft equations, the 

ranges of variables to be expected, and the very complete 

testing of a wind tunnel model to give actual aircraft data 

to work on 

The Servómechantsas Laboratory has its headquarters in 

Building 32 at M.I T.> but most of the Project Whirlwind engi¬ 

neering is in the Bar ta Building at 211 Massachusetts Avenu®» 

Bailding 32 provides the project with a personnel department, 

accounting, and payroll facilities* The project drafting room 

. is a branch of the Building 32 drafting room and personnel are 

exchanged as need arts»» 



I 

i* 

- 20 - 

Ssction 10o2 

10.,2 Projsot Per Bonne 1 and Organisation 

The ponsomiel on Project Whirlwind conelet* at present 

of 45 staff uemtero and a Ilk# tamber of technician«, admlnie 

tratlve aBolstante« «took clerks, and secretarle«.. The total 

number in each category is given below? 

Staff 45 

Technician» 19 

Secretarie» 7 

Stock, jiuro’iaslng, 

receiving, Inspection 10 

Crafting 10 

Print department ' 2 

Building ¡service 

including telephone 

operators,, guarde, 

receptionists, and 

a&lntenanee 14 

To tiú. non“ staff 62 

Total «taff and non-staff 107 

In addition the project hae access to the following 

personnel in Building 32é 

Administrative Staff 

Purchasing and Accounting 6 

drafting 12 

Machinists 9 

i \ 
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Section 10,3 

The ateff »¡embers of Project Whirlwind fall Into two 

categories; some are on full time DIG appointments; others 

are full time Research Assistante or Research Associates 

having their eppointmsntfl from the SLectrical Engineering 

Department, 

A complote list of the present staff members with 

their academic degree® will be found In Section 10.5. 

Fifteen members of the present technical staff had radar 

experience during the war which Is directly useful in the 

project work. Six men not now with the staff have in the 

past made valuable contributions In video end pulse 

techniques. 

The general organisation of the Project staff is shown 

In Drawing B-31201. 

10.3 Facilities 

10.31 Available Space and Services 

Project Whirlwind occupies the 28,000 gross 

square feet of the Barta Building at 211 Massacbusett 

Avenue, Cambridge, recently purchased by M,I,TC 

when the Navy was unable to provide the temporary 

housing for Project Whirlwind as originally planned. 

Drawings B-311r/4, ^31175, B-31176, aie respectively 

the basement, first and second floor plans. A 

series of photographs is given In Section 10.4 

«showing much of the Interior of the building. 

Among other facilities the building Includes In 

Room 016, DC power supplies at nine different voltages 

all of which ere wired into the benches of the 

various laboratories, Rooms 114-134, 138, 222, 223. 
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Section 10o31 

Hoom 008 1® a lectuie room 18 x S4 feet, 

capable of seating 60 people and used for staff 

meetinge and Inst .ruction and training courses. 

Boom 113 is a small machine shop for the use of 

technicians and qualified staff members. Th« 

machine shop and mechanical shop are staffed with 

five technicians. A list of the machine tools 

available in the building will be found at the 
and of the tert in this volume. 

Building 33., the headquarters of the Servo¬ 
mechanisms Laboratory, provides a complete machine 

shop for handling work beyond the capacity of the 

shop in the Barta Building. Building 32 also 

maintains n procurement department which is capable 

of providing additional machine work Including small 

production quantities through contracts with job 
shops throughout the Boston area. i 

The Drafting Boom, 156, in the Barta Building 
provides facilities for twelve draft anon and a 

supervisor. The Drafting 31le and Print Boom, 150, 

include« an O-alid Streamliner which will make the 

latest types of reproductions including photographs 

and chart film, and an automatic electric ditto 

machine with a capacity of 1,000 sheets per hour. 

The drafting, print, and ditto facilities of Building 

32 axe aleo available to Project Whirlwind. Rooms 

141 end 143 provide photographic facilities. The 

photographic equipment is listed at the end of the 

text. The stock and instrument supplies are kept in 
Booms 153 and 151. 



Section 10.,33 

The Whirlwind I computer will he located on 

the second floor with the Input and output equip¬ 

ment In Rooms 361 and 263« The remainder of the 

computer will occupy a single room with on area of 

1,600 square feet consisting of the present rooms, 

267» 369, 365, and the rooms adjacent to 365 on the 

second floor, 

Hoorn 317 contains a «nail library of reports, 

texts, and reference books useful In the work of 

the project, 

10,32 Slectron'-.c .Sínginoarlng Facilities 

Boom 138 is an electronic technicians laboratory. 

The eight technicians who occupy this room are 

engaged In building experimental equipment for the 

engineers, special, test equipment designed by tills 

project» and prototype construction for the 

Whirlwind I system. All benches are wired for 110 

volt A.G., 6,3 volt A.0., and 9 D,G„ voltages. 

The Boom® 1X4 through 136 are used by the 

electronic engineers on tho project for tnelr office 

space and laboratory work. Two engineers are assigned 

to each pair of rooms, the room nearer the outside 

wall being used for office space and the room nearer 

the corridor being used for laboratory area. For 

example, two engineers occupy the pair of Rooms 131 

and 136, Boom 136 is used as an office while 134 

contains the benches and experimental work being per¬ 

formed by these engineers. Photographe of the 

laboratory work carried on in these rooms will be 

found at the end of this volume. 



1 

~ 24 - 
. i 

Section 1.0,4 

10,33 Storage Mie Development Facllttte» 

The ato rege tube development facilities are 

contained in Boome 222 and 224, The storage tub© 

laboratory, Boom 222, include a benches for the five 

technicians and work apace for the seven engineers 

engaged on the storage tube program. This laboratory 

Includes facilities for the construction of spécial, 

test equipment as well as storage tube elementa, 

equipment for the preparation of dielectric surfaces 

by anodising, test equipment for the study of 

secondary emission characteristics, and. complete 

. equipment for testing experimental and final storage 

tube«» The tube construction laboratory, Room 224, 

includes two completa vacuum systems, a 45 kilowatt 

input R? bomber, glass blowing benches, a spot welder, 

and a small stockroom. There 1# also a glass lath© in 

the storage tube laboratory. The laboratory Is 

equipped not cnly for the construction of experimental 

tubes but also for the quantity of storage tubes needed 

for Whirlwind ï. Photographs of these facilities 

are given at the end of this volume. 

10.4 Photographs 

"ñjm& •ÜhqtâÉ rßpji. iiq. Title 

1 

3 

3 

4 

5 

6 

7 

PB» 201 

FB—294 

FB-29Q 

F3-285 

FB-2D0 

FB-299 

10-289 

Bart a Building 

D»C„ Rectifier System 

Lecture Room 

Machine Shop in Room 113 

Building 32 

Building 32 Machine Shop 

Drafting Room 
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SI gore 

8 

9 

10 

11 

12 

13 

14 

Iß 

16 

17 

18 

19 

20 

21 

Photcftrapk Ko« 

IB-288 

m~287 

m-274 

3B~378 

ÏB-275 

rainai 

ÍB»284 

13-283 

iTO-;j76 

Î3-282 

PB-377 

13-280 

EB™;r79 

öectlon 10.4 

TIUb 

Blu«prlnt Hoorn 

Stock Hoorn 

Instnunent Room 

Slectronlc Teciinlciecu; 

Laboratory 

Test Squlpraent Developasot 

En^lneerlag Láboratory^ 

Room 126 

Video Amplifier Design 

Engineering Laboratory, 

Hoorn 136 

Poise Transformer Development 

[Engineering Laboratory, 

Room 122 

Resistor Check Engineering 

Laboratory, Room 122 

Vacuum Tube Teats 

Engineering Laboratory, 

Room 126 

Blackout Effect Investigations 

Engineering Laboratory, 

Room 136 

nip-flop Circuit Development 

Engineering Laboratory, 

Room 130 

A C Coupled flip-flop Develop¬ 

ment, Engineering Laboratory, 

Room 130 

System Testing, Engineering 

Laboratory, Room 120 

Crystal Matrix Switch Testing 

Engineering Laboratory, 

Room 118 
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¿i gura 

32 

33 

24 

25 

26 

27 

38 

Seo Won 10 «4 

Photograph Mo. 

13-298 

13-113 

13-397 

ra-197 

S3-393 

F.3-194 

F.V’396 

Title 

Storage Tube Laboratory 

Ahuilslng App aratu» 

Secondary Sai »»Ion Testing 

alas# Blowing Beach 

and HF Bomber 

Vacuum System* 

Olas» Lathe 

Storage Tube Toot 
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'Photo No* ,FB294 • • • • 

Title B» C. Rectifier System 

This viw shcrjïs part of the 

Rectifier Power Supplies ia Room 0x6 la the* 

Berta Building. Nine D,C. voltages are gen¬ 

erated and ara wired to all tlio laboraöories 

ir. the huile log» 
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10.5 Staff Hat 

Jny W„ ïbrreater B,S* la £.2. 
S,M, la 2,2. 

Sawxel H. Abbott B.S. In 2.2. 

Biohard L. Beat 

Edwin 1. Blrimenthal 

Willia» CD Bohn 

Hugh R. Boyd 

David R. Brown 

Charlee H»R> OarapUng 

David J. Crawford 

Michael Daniloff 

Ho muai L. Daggett 

Stephen H„ Dodd, Jr. 

Carleton 0. Eaton 

B.E.Eo 

B.S. ln E.2. 

S.B. Phyeloe 

M,A. Eduoatlon 

£.,M0 in 2.2, 

B0 Sa 

S.M. in 2.2. 

M, Se 

S.B. la 2,2. 

S„M. in 2.2. 

B.S. la 2.2. 

John 0. Sly 

Robert R. Ererett 

larrie Eahneatook 

Alfred M, Falclone 

Mark Floneniioft 

Margaret I ilorenoourt 

S.M. in 2.2. 

AoM. 

B.S. In 2,2. 

B.S. In 2.2. 

A,B. Phyalce 

Philip franklin PhD. 

George G< Hoberg 

Arthur B, Horton, Jr. 

Harry Kano elan 

B. 2.2, 

S.B, In 2.2. 

S.B. la 2.2, 
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Section 10.5 

Hebratika 193» 
M.I.T. 194*1 

Worceuter Poly. 193» 

Cornell Univ. 1943 

Tafte College 194? 

Harvard 1926 

Wayne Unlv. 194D 

M.I.T, 194r> 

Queen e Univ. 1944 

M.I.T. 1947 

Harvard 1931 

M.I.T. 194? 

M.I.T, 1943 

M.I.T. 1943 

Texas Tech and M.I.T. 

M.I.T. 1943 

Harvard 1930' 

Tuft« College 1935 

Univ. of Penn, 1943 

Radcllffe College 1946 

Princeton Univ. 1921 

Vlllanova College 1946 

M.I.T. 1946 

M.I.T, 1947 
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William K. Llnrlll 

ßû¾»^t Lo Maasard 

joasoh H» McCuBksr 

Howell B. Morley 

William J. »olaa, Jr» 

John A» 01 Brian 

John J. 0*Brian 

John 0. Proctor 

Kdward S » Prohaa^a 

»gar Bei oh 

s„B* la S.Bb 

B.S. in ï.*. 

B..S« In B«Be 

BnB.2» 

BoS. 

A, B. 

B. S. 

A„B. in H.B.: 

B, E»E« in B.B» 

B,Se ia BioB« 
Mwin S, Hi oh 

Cheater A. Bowlend, Jr» B.S. in 3.->o 

Eugene A„ Sard S“B* 111 3,310 

Richard 3haw, Jr. M’S" 

Joel M„ Slrauona, Jr. B»s* 

George C» Sumner B»s» 1,1 ;S!*3, 

Francia B. Swain 

Norman B« Teiylor 

M»S. in B.Bo 

B.S. 

Joseph N„ Ulraan, Jr. 
J2í® 

Chaiuncey Wo Watt, Jr. BoS. 

0. Robert Wleaer 

Patrick Youta 

MoS. 

5.M. 

Section 10.5 

M.I.Te 1945 

Uniw. of Chicago 1945 

Northeaetem Hnlw. 1947 

Unit, of Maine 

Boston College 

MoI.T. 

Hoi.T. 

Poly. Inet. of 
Brooklyn 

OniVo of Maine 

Iowa State 

MoI.T. 

Mol »T. 

Texas Tech. 

Texas Agrio, and 
Mcoh. 

TJniv. of Colorado 

Bates College 
Mo ï oT. 

John Hopkins TJniv. 
Joto Hopkins Unir. 

Calif. Inst, of 
Tech. 

M-I.T, 

Unir, of Chicago 

1940 

1943 

1945 

1938 

1935 

1947 

1940 

1945 

1944 

1934 

1947 

1942 

1933 

1937 
1939 

, 1938 
, 1934 

1936 

1940 

1929 



Section 10=6 

10,6 Machine Tool® end Squ3.pm«nt 

1 - South Bend Lathe vlth IS" swing and 6j 

hed and accataorlea 

1 - South Bend Laths with 10H awing and 411 

Bed anc acoesBoriea 

1 - vfhitney-Jonaen lunch Iraas (hole punches 

1/2 to 2-1/3 Inchea, »quere puncha» 1 to 

2 inches) 

1 - Bridgeport Vertical Milling Machine 

Model 4679 

1 - Burke Milling Machine Model X26A 

1 - Craftsman Drill Free» (l/2 inch max.) 

3 - Delta Drill Presses (l/2 inch max.) 

1 - Delta Drill Pretie (1 inch max.) 

1 - Peck, Stow and Wilcox Shear (18 gange atock, 

62" bed) 

1 - Chicago Steel Beading Brake (48" hod with 

11 adjustable fingere) 

1 - Delta Milwaukee Band Saw (46° tilting table 

with 13" bed) 

1 - Vf altor Turner Sanding Machine (48" sanding 

belt and 10" sanding wheel) 

1 - Baited States Electrical Tool Grinder (drill 

sharpening attachment) 

1 - Delta Milwaukee Jig Saw, Type SOS 
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Soc tio x?. 10.6 

OBClllotaopao and Synchro acope g* 

3 - Browing P43 Synchroooopea 

S - Dumont Modal 208 Oacilloacopo« 

1 - Dumont “ 224A ^ 

1 - Dumont " 2*1 « 

3 - Dumont " 256A/H Hang© acopa g 

2 - ECà " 160B Oaolllofloopa* 

Ö - Western iHactric TS-238/ïïP Osoilloacopoe 

S - Signal Corps TS-34 Oeoilloecopes 

13 - Sylvanla Modal 5 Synchroacopas 

3 - Sylvanla P~4 Synchroscope* 

2msm IJttb9__yQltmeter« and Multltoatar* 

3 « Bailantine Voltmeter» (Model 300-A) 

1 - BaLlanfcine Voltmeter (Model 304) 

3 - Ballantino Decade Anpllfiera (Model 230) 

4 - Ballantino Decade Multipliera (Modela 403A 

and 4Q3B) 

4 •> Boonton High Frequency Voltmeters (No. 63) 

4 - Hickok Multlteeters (Model 302NX) 

3 » Radio City Multimetera (Model 663) 

5 - BOA Voltohrnyete (Model 164) 

13 ~ HCA Voltohmyete (Model 196) 

4 - Sylvanla Polymeter a (No. 134) 
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Section 10»6 

Signal Generators and Co tint, er g 

2 - Dane Pul«e Generator» 

1 - Hewlett Packard Audio Oscillator (No, DOOCH) 

1 - Hewlett Packard Oacillntor (No. 305Aß) 

1 - Hewlett Packard Oscillator (No. 3001) 

1 - Hlckok Signal Generator (Model 188X) 

1 - Milieu Sif-nal Generator (No. 9050) 

4 - USN Model LP-B Signal Generators 

6 ~ GN Decade Counters (Type TÏZ-1) 

Non~Slelectronic Voltmeters and Multltesterc 

49 - Sisson Multimeter« (No. 360) 

2 - Weston Multimeters (No. 772) 

le.at .aaulpíQaRt.,D,e.aíg^d ml, Cpnñt^ctjLdJ^JMsJlroXec-t 

12 - Variable Frequency Clock Pulse Generator« 

Pulse width » .OBjia; PRT 0.88 to 6.2 MC 

1 - Variable Frequency Clock Pulse Generator 

Pulse width- variable from 0.2 to 0.3 n«; 

PHÏ 0.85 to 1.5 MO 

1 - Crystal-controlled Clock Pulse Generator 

Pulse width variable from 0 2 to 0.3 ^s; 

PRF 1 MC 

13 ~ Restorer Pulse Generator« 

Paired pulses are 0.1 i¿s wide, Ijíb apart at 

a PHF of 100 kc; 1 M-a aynchronlzlng pulse at 

100 kc; single push-button controlled pulse 

0.1 wide, synchronized with 100 kc output 
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Seotloa 10.,6 

5 - Binary Frequency Dlvldere 

Frequency Diirialon of 2;1, 4ï 1; 

Output pulse 0*1 wide 

10 - Oate and 3)elayed Trigger Generator a 

Provide eltiier a gate whoee width Is 

continuously variable from 3 to 2600 pa, 

or a trigger whose delay ia continuonaly 

variable from an input trigger by the game 

amount,, 

? - Gas Tube Pulse Generator* 

Provide a rectangular pulse whose width 

is continuously variable from 0,06 to 1 ps 

at repetition frequencies up to 4 kc 

1 ~ Clock-restorer Pulse Distributor 

Take* IMG pulse, gates two aucceseiva pulse* 

through one channel, and gates the remaining 

eight pulses through another channel. 

General Test Haul omen t 

1 ~ Bo on ton "Q," Meter 

2 - Elgin Stop Watches 

1 ~ GE Galvanometer 

l - Generei Hedió Wave Analyzer 

1 - General Radio Capacitance Bridge (No, 740BG) 

1 - General Radio Strobotac 

1 - Hiokok Tube Tester (No. 632) 

1 - Leeds and Northrop Resistance Box (Type 4750) 

1 - Navy T2-103A Calibrator 

k 
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Section. 30 6 

8 ~ Rawaon Prwlaloa Thermal Hetera 

(Modele 601, Bll, and 522) 

(1/4 - 1/2)0 
# 

* - ShallcroBB Percent Limit Bridge (No. 617N) 

11 - SilpBOn Multirange Teeters (Nos. 380-3-6 7) 

3 - Triplett Multirange Testero (Mo. 670) 

4 - Weston A.C. Metera (No. 433) 

6 - Weeton 1).0. Meters (No. 425-30) 

1 - Weston Preoision Voltmeter (Model 341) 

Miscellaneous Baulnaent 

1 « Brown Slectronío Potentiometer 

2 - Cyclotron Impulse Registers 

20 - C-D Decade Capacitors (Model CD) 

1 - GB Decade Capacitor (No. 219) 

6 » OR Decade Resistors (No. 602) 

1 - Mico Engraver (Mo. 251) 

2 - ShallcrosB Decade Potentiometers 

Power Supplies 

1 - AAC High Voltage Power Supply (Type RA»58K) 

60 - Radiation Laboratory Power Supplies (P-1) 

20 - Radiation Laboratory Power Supplies (P-3) 

18 - Raytheon Power Supplies (No. W3U5013E) 

5 - Raytheon Itectiohargera (No. W-5752) 

33 - USN Power Supplies (Model OW 30AAI) 
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Section 10.6 

Photography and Irojactlon 

1 ** Argua Modal C-3 Gainera with hood and 

Incite acále for genarail oacllloacope work 

1 - Special oscilloscope cañera using Zeise 

FI.4 len» for o»cilioacope single trace work 

2 - Baatman 36»inn Uodaallde Projector» 

1 - Baetnan Recordak Projector 

1 - Breaaler - 3“ x 411 Slide Projector 

1 - Graflex 411 x 5n Camera with commercial Ektar 

and wide-angle leneea 

1 - Simmona 4" x 6" Omega Enlarger with 3" and ö" 

lene 

1 t Fako Print Dryer 

1 - Print Washer 

Light», tripod», timer» and similar required 

equipment 

Tagunm Syetem Eoulpment 

3 , Special design vacuum »yeterne having the 

following feature »I 

a. Welch (1405H) Pore Pump» 

ht DPI 3-»tage Diffusion Pumpa 

c. lOK.Wo Winch-operated Ovena (controlled 

to any temperature up to 600°C by 

Capictrol controllers) 

d: McLaod Calibration Gauge» 



Section 10.6 

1 National Cae»arch Ionization Gauge 

(No. 706) 

1 - National Hose arch Alphatron Vacuum 

Gauge (No- 510) 

1 - DPI Vacuum Gaufi® (No , HG-200) 

1 - GB 45 K. W. Induction Heater 

1 - Litton Glaaa Lathe (Model K) 

1 - 5 K» Wo Spot Welder 

1 - Glaae-working Bench and Accoesoriee 

1 - Anodizing Bench with Hequirod Control 

and Teat Equipment 

1 - Bausch and Lomb Shop Microecope (x 100) 


