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6345 
Memorandum L-9 Par,6 1 

Projeot Whirlwind 
Servomechanisms Laboratory 

Massachusetts I n s t i t u t e of Technology 
Cambridge, Massachusetts 

SUBJECT: 6S45 COST ANALYSIS 

Toi 11, McL. Sage 

Fromt Jay >V. Forrester 

Date: December 27, 1948 

Introduction 

The attached charts present by general area and by 
specific ac t iv i ty a breakdown of the year ly expenditures through 
the f i s c a l year 1946-1949 of Projeot flhirlwind - DIC Projoot 6345 
and i t s predeoessor Projeot 6295. 

Content 

Chart 1 l i s t s the expenditures for laboratory operation. 
These are costs typical of t h i s kind of work, associated with the 
se t t ing up and servicing of a laboratory and i t s personnel but not 
dependent on any unique technica l fea tures of Whirlwind. 

Chart 2 l i s t s the expenditures for eduoation and t r a i n i n g . 
Inoluded are costs of reports for outside use and of time taken t o 
discuss project work with v i s i t o r s , costs incurred for supervision 
of thes i s researoh (other thes i s costB a re considered t o be compensated 
by the technical resu l t s achieved and are therefore charged t o other 
departments), and technical t r a in ing ( i n i t i a l and continuing) for 
personnel (the f i r s t three months expenses for each new staff member 
are charged to eduoation). 

Chart 3 l i s t s the expenditures for preliminary and a i r ­
craft analyser work. The work f i r s t done on an a i r c r a f t analyser was 
accompanied by a study of analog computation, which proved t o be 
unsuitable and led to the change to d i g i t a l computation. 

Chart 4 l i s t s the expenditures d i r ec t l y for Tihirlwind I . 
These cover a l l labor, overhead and material spec i f ica l ly used for 
the design, construction, i n s t a l l a t i o n and t e s t i ng of Whirlwind I , 
including the Sylvanla subcontract . 
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Charts 5 and 6 list the expenditures for supporting 
engineering and for special supporting research, respectively, for 
.Vhirlwind I. These efforts were necessary for solution of basic 
technical computer problems and for completion of Whirlwind I, but 
the results are of general benefit and can be applied in many other 
cases. The supporting research of Chart 6 is work of a basic nature, 
necessary to Ylhirlwind I, which under other circumstances might have 
been the subject of separate research contracts. 

Chart 7 lists the expenditures for storage tube research 
and development. Although this whole effort is undertaken to meet 
the acods of ?r.-.irlv:ir.d I, nuiny of its result,? w e of mora general 
benefit. 

Procedure 

Cost figures for specific items were obtained in the 
following way. Certain costs could be estimated f a i r l y s a t i s f a c t o r i l y 
as t o t a l sums; examples are the costs of cent ra l power suppl ies , 
commercial t e s t equipment, and special materials for 7/hir?.wind I . 
Others were best determined by estimating the number of man-months 
involved and then judging, on the basis of experience, tho overal l 
man-raonth coat; examples are mil i tary secur i ty , t he s i s supervision, 
ed i t ing , e t c . The t o t a l of a l l these costs for each year was deducted 
from the t o t a l costs &r the year . The remainder was d i s t r ibu ted over 
a l l the f i e lds not already charged for in proportion to the number 
of s ta f f months (divided in to two types, mator ia l -using and non-
material using) devoted to each field as determined by a consideration 
of the work of each staff member in t h a t f i e l d . 

The breakdown of expected costs for 1948-1949 was used to 
obtain representat ive t o t a l staff-month ooBts. --Vith the cost of a l l 
supporting a c t i v i t i e s charged to tho primary a o t i v i t i e s , -she figures 
obtained for 1948-1949 were v900 per month for a s ta f f member using 
only incidental mater ia ls , and $1,850 per month for a s taff member 
regular ly using materials and laboratory equipment. This approximate 
r a t i o of 1:2 for the two kinds of work was maintained for the other 
years , even though the actual items assigned and a l located and t h e r e ­
fore the aotual cost per staff-month varied considerably. 

J.TFiRAN: •J* 
Charts: 
B-33255 B-33259 
8-33256 B-33260 
B-33257 B-33261 
8-33258 B-33262 

f 
Jay H. Korre3t^y 

G. S. Brown Harris Fahnostock 
Henry Loomis R, R. Kverett 
H. R. Boyd 
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hotei 

To give a p a r t i a l answer to on often-asked question, the 
as ter isks on the oharts indicate expenditures which i t is ostimated 
the In s t i t u t e of Advanced Study has made for equivalent work. In 
t h i s est imate, one yea r ' s expenditures at Project Whirlwind have 
sometimes been allowed to represent several years ' expenditures a t 
IAS (as the 35,000 for report edi t ing and reproducing indicated in 
1946-47). I t is t o be emphasised tha t the comparisons ore for 
equivalent - not ident ica l - a c t i v i t i e s ; an exumple of th i s i s the 
VR-iirlsrir.d crpendit'ir* of 52.200 for l ia i son with Eastman Kodak on 
film reader-recorders in 1947-1949, probably equivalent to lAS's 
expenditure for l i a i son with the Bureau of Standards on teletype 
equipment. 

The t o t a l estimate of IAS's expenditures is about $260,000, 
which may be subs tan t ia l ly in e r r o r . 
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ACTIVITY JULY '44 - JUNE. '15 JULY 4 5 - JUNE '46 JULY '<K> - JUNE 47 JULY '17 -- JUNE 48 JULY '48 -- JUNE '43 JULY '43 -• JUNE'SO 

i S U M M A R Y STAFF C O S T 
MONTHS 

STAFF COST 
MONTHS 

STAFF COST 
MONTHS 

STAFF COST 
M0NTH5 

S T A F F c o 5 T 

MONTHS 
5TAFF COST 

MONTHS 
COST T O 

JUNE '4S 

1 . 

L A B O R A T O r ' ' # . 
ORG.PATIQM ' * 2 2 , 5 O 0 

f 3 0 , OOO la&.ioo 5 1 , 4 0 0 2.30,000 

EDUCATION $ ^Tp 
T R r . i ! 1 / 1 ^ . - 4 ^ , 7 0 0 I4-4-4O0 1 3 1 , 9 0 0 3 2 . 1 , 0 0 0 

PRELiMiMA«y 4 _/*-_ 
AlRCRA(-T-AMALTi£R ^ * 3 

WORK * 7 5 , 0 0 6 1 7 3 , IOO 1 1 0 , 7 0 0 S4- ,40O 4 - 1 3 , 2 . 0 0 

1 

WWRtiWtr i -S S ~#4 at^oo 320/40C s o 8 , 2 0 0 l , l ^ 3 , g > C O 

S U P P O R T I N G - f F 
ENGINEERING 3 3 , 5 0 0 €A-,<300 10-7,2^00 I S O , G O O 

| 
SPECIAL. _H-

7 3 , 2 0 0 9 S , S O O I 7 ( & , & 0 0 3 4 ^ , 3 0 0 
F 

^ S , 0 0 0 ee,"5oo STORAGE a t - j 
T U B E S ^ / 

^ S , 0 0 0 ee,"5oo 3 ( 1 , 3 0 0 4 - 7 l , < £ > 0 0 ^ S , 0 0 0 ee,"5oo 
1 

1 

> 

, _ , _ 

T O T A L * 7 5 , 0 0 O f $2O\,GO0 §356£0C • 9 0 1 , 0 0 c 
$ i « « 7 r w TOTAL FOU PROJECTS 

l ,_o/ jUUC» { , £ 9 S £ & 3 * 5 : • , 3 ) l S l > O O O t t 

B-33£55 ( t CHARGED TO PROJE I T < O Z 9 5 ) ' f t TOTAl 
v PROJECT 

F O R 
S>34 5 ALONE 

.* 3,04V) 00) 
J — — < — M M ^ • i i f inn ak 1 « a « « I H n H 

• 
• 

' 
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ACTIVITY JULY '4 4 - JUNE 45 JULY '4 5 - JUNE4fc JULY '46 -JUNE'47 JULY "47 - JUNE 48 JUL1 '48 - JUNE '43 JULY '43 - JUNE'50 CHART 1 

LABORATORY 
O P E R A T I O N 

STAFF C O S T 

MONTHS 
5TAFF COST 
MOUTHS 

STAFF COST 
MONTHS 

STAFF COST 
MONTHS 

STAFF COST-
MONTHS 

STAFF COST 
MONTHS 

COST T O 
JUNE '4S 

1 ••COMPONENT J STEWARDS az,ooo $ 1 1 , 0 0 0 $ 7 , 0 0 0 | 2 0 , 0 0 0 . 

? CENTRAL $ 1 , 5 0 0 3 , 0 0 0 5 ,0 0 0 'L.OOO 11,500 

3. C O M ^ e R C \ M TEST EC}. 5 , 0 0 0 10 ,000* z 0 ,0 0 0 7 , 0 0 0 4 Z , 0 0 0 

OTHER LAB E q . $ 
^ F A C \ L \ T I E S 

\zp 00 8 , 0 0 0 Z 4 5 S 0 0 3 , 0 0 0 4 7 , 5 " 0 O 

5 P E R S O N N E L t v \ G T 
(STAFF M^O NWN STNFF) 3 , 0 0 0 * % t oo G,4 0 0 1 9 , 0 0 0 

, M I L I T A R Y " iECURVTY 
10 ( G U A R D S . E T C . ) 

4 , 0 0 0 4 - . 0 0 0 ecojOoo Ko.OOO G C , 0 0 0 

-f MOVING TO EKRTK. LABOR ON 
BUILDING} 1 5 , 0 0 0 D I 5, O 0 O 

L O ' T T IME TP.DM WORK 1 5 , 0 0 0 D \ 5,0 0 0 

1 
w 

_ _ 

a SEE CHART 3 

T O T A L $e2.,soo | B 0 , 0 0 0 $lcl<i>,100 $51,4-00 « Z 3 0 , 0 0 0 

B-33Z56 
, 

k 4 

• 

• 

• 

--
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•p j 
^ ^ ^ ^ ^ . ^ ^ ^ ^ ^ . . ^ ^ ^ M 

A C T W M T Y JULY '4 4-JUNE'45 JULY '45 -JUNE'46 JULY ' 4 6 - JUNE Hi JULY'+7 - JUNE'46 JULt '48 - JUNE. '43 JULY '43 - JUNE'50 C H A R T 2. 

E D U C A T I O N 
AMD T R W N I N C 

S T A F F C O S T 
MONTHS 

S T A F F C O S T 
M 0 K T H 5 

S T A F F C O S T 
M O N T H S 

S T A F F C 0 5 T 
M O N T H S 

S T A F F C O S T 
M O N T H S 

STAFF C O S T 
M O N T H S 

C O S T T O 
J U N E '4-b 

| R E P O R T E D I T I N G AND 
R E P R O D U C I N G ) 

4 SM 
4 $1,000 $5,QOO 12 S M 

+ fltSOO0 
$15, OOO 

£-4 S M 
+ S ET,000 "824 ,000 $ 4 - 4 - , 0 0 0 

Z. T H E S I S 5 U P E R V V 5 \ O N 4 " 3 , 1 0 0 8 t , 4 0 0 12. ^ , G 0 0 n^oo 
3. V I S I T O R S z 2.3O0O* 7 1 , 0 0 0 IO 1 2 , 0 0 0 \̂,ooo 
A SEMINARS FOR STAFF 
n - T R A I N I N G . I N C L U D E S 

I N S T R U C T I O N AND 
A T T E N D A N C E 1,500 I B 1 4 , 4 0 0 2.1 l4-,300 3 O , Z 0 0 

c- T R A I N I N G NEW STAFF 
( 3 M O N T H S 

E Q U I V A L E N T EACH) II 
NEW STAFF 

3 3 , 0 0 0 3 B 
NEW STAFF 

101,0,00 2 0 
NEW 5TAFF 72,O0O 20fc,<oOO 

1 

-

• 

T O T A L $ 4 4 , 7 0 0 ftl44,40C fli 31,3 0 0 \ 3 2 1 , 0 0 0 

B -33 257 
• 
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ACTIVITIES JULY '44 - JUNE '15 JULY '15 - JUKE H« JULY '+fc - JuNE*17 JULY'17 -- JUNE '18 JUL1 '18 -- JUNE '15 JULY ' 1<3-- JUNE '50 CHART 3 

P R E L I M I N A R Y AND 
A I R C R A F T ANALYZ.ER 

W O R K 

STAFF C O S T 
MONTHS 

S T A F F C O S T 
MONTHS 

S T A F F C O S T -
M O N T H S 

S T A F F C O S T 
M O N T H S 

S T A F F C o S T 
M O N T H S 

S T A F F C O S T 
M O N T H S 

C O S T T O 
J U N E '1"5 

* | ANALOG C O M P U T I N G 
1 M E T H O D S 

DIC 0>Z°iS *50 ,00O $35,70 0 • tt65;700 

0 SERIAL DIGITAL COMPUTER 
fc' DESIGN S T U D I E S 

5 0 
40 

fcb',000 
ES,aao • G 5 " , 0 O O 

2 3 , £ 0 O 

3 . A R I T H M E T I C ELEMENT 

a. L A B R E S E A R C H 36 $51,000* ? I, O O O 

b.BLOCK DIAGRAM'S \Z. 8,500* 7 S3,dOO i e , 3 0 O 

c LAB. M O D E L - 5 DIGIT 
MULTIPLIER DESIGN 

30 4Z,100* 1 E , l O O 
^ S T O R A G E T U B E STUDY, 

P R E L I M I N A R Y Z l 3 3 , 8 0 0 D 3 3 , f c O O 

c A IRCRAFT ANALYZ.ER 
^(COCKPIT t AIRCKKFT STUDY.) 

J !o 2.1,1 0 0 1 0 
• 1 — P. KC\0 4 6 S T ^ C O O n I 0 5, 5 0 O 

, , 

• E X P E N S E F O R OPE 
( S E E A L S O C H A R T )) 

R A T I O N S N O T USE : D IN DIG I T A L (PAF A L L E L ) COMPUTER ftS4 0 , 0 0 0 

T O T A L | 1 5 , 0 0 0 $113,100 $110,700 154,1-00 | ^ l % Z.OO 

B-33a58 
• i 

• 

• 

* 

• 

• 

] 
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A C T I V I T Y J U L Y '4 4 - JUNE. 45 JULY 4 5 - JUNE 4fc JULY "4<b -JUNE Hi JULY '41 -• JUNE '48 JUL! "48 -- JUNE. '43 JULY '43 -- JUNE. '50 CHART 4 

W \A/ I 
DIRECT 

STAFF C O S T 

MOUTHS 
5 T A F F C O S T 
M 0 N T H 5 

S T A F F C O S T 
M O N T H S 

S T A F F C 0 5 T 
M O N T H S 

S T A F F C o S T 
M O N T H S 

S T A F F C O S T 
M O N T H S 

C O S T T O 
J U N E ' ^ 

t 
. A R I T H M E T I C E L E M . 
1 D E S I 5 N 17 $ 1 3 , 7 0 0 1 1 $11,8 0 0 S 3C=,S"0O 

-, C E N T R A L C O N T R O L . 
c D E S I G N 

2 4 2 6 , 4 0 0 13 2 1 , ( 0 0 4 7 , 5 - 0 0 

^ L IA ISON W I T H 
3 S Y L V A N I A 20 n,ooo 1? l2., IOO 2 3 , I O O 
^ A IR C I R C U L A T I O N 

A N D C O O L I N G 
3 3,3 OO 2. 

+ PURCHASE 23 ,? .00 20>,5OO 

c P O W E R S U P P L I E S 
= - (PURCHASE <t I N S T A L L ) 3 3,3 OO 2 . 1 S M 

- l - ' S S j O O O l b , 9 0 0 8 2 , 2 0 0 

, S Y L V A N I A 
to S U B C O N T R A C T 

d . D E S I G N 7 9 ^ 4 0 0 
N\ 1 1 4 , 4 0 0 

b. D R A F T I N G 2 2 ,000 5 2 . , 0 0 0 7 4 , 0 0 0 

C. P R O T O T Y P E S I2,OOC 1 3 , 0 0 0 1 T O T A L B O T H 
A R S 2 5 , 0 0 0 

d . C O N S T R U C T I O N 3 l , I O O ^^o,^oo | S 5 ^ , S 5 £ 2 5 2 , 0 0 0 

^ C F I N A L T E S T ' 
5 ^ 0 0 2 8 , 3 0 0 3 3 , 5 0 0 

7. C H E C K I N G M E T H O D S 

a . T H E O R Y \Z G>,G0O 5 4 , 1 0 0 • 1 0 ,7 0 0 

b. D E S I G N 1! IC, IOO 15 24 ,300 3 fe ,40 0 

8 . CONTROL R O O M DES\GN • 3 l,fcOO l^fcOO 
g T E M P O R A R Y 

C O N T R O L R O O M 3 3 , 3 0 0 Q> 9 , 7 0 0 1 3,0 O O 

10. T E L E T Y P E I N - O U T 1 i , i od * 2. 3,2 OO 4 , 3 0 0 
E A S T M A N K O D A K 

L I A I S O N 1 too* 2_ l,fc 0 0 2 . , 2 0 0 
|p_ M A T E R I A L S N O T IN 

ABOVE I T E M S 5 0,0 0 0 1 5,0 0 0 l ^ 5 " , 0 0 0 

13. I N S T A L L A T I O N G> <b,6 0 O 2 2 . 3 5 , t O 0 4 Z ) Z O O 

14. C O M P U T E R T E S T 5 2 $4,500 8 4 , 5 0 0 

15" B L O C K D I A G R A M S 3 0 4 2 l ,£00* 19 1 0 , 5 0 0 Z3 2 3 , 5 0 O 5 5 , 2 0 0 

T O T A L 1*2.1,200 $320,4 00 |808 ,20C t l , l 4 9 , B O O 

B-33Z53 
i 

I f 

• 

• 

• 

• 
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A C T I V I T Y JULY 4 4 - JUNE 45 JULY '4 5 -JUNE'46 JULY '46 -JUNE Hi JULY'+7 -- JUNE'48 JUL1 '48 -- JUNE '43 JULY ' *<3 - JUNE '50 CHART 5 

SUPPORTING 
ENGINEERING 

STAFF 
MONTHS 

C O S T 5TAFF C O S T 
MONTHS 

5TAFF c o 5 T 

MONTHS 
STAFF 

MONTHS 
C O S T S T A F F 

MONTHS 
C O S T STAFF COST 

MONTHS 
COST T O 

JUNE '4S 

1 LABORATORY VOLTKGE 
R E G U L A T I O N "5 $ 3 , 3 0 0 3 $ 4 , 3 0 0 l e . z o o 

2. A-C COUPLED CIRCUIT5 Q> $8,5"0O 3 3 , 3 0 0 U , 8 0 0 

PULSE DELAY STUDY IN 
' • LONG CONTROL CMMNS 5 5 ,500 3 4 , 3 0 0 1 0 , 4 0 0 

4_ CIRCUIT RESPONSE TO 
T. NON- R E P E T I T I V E 

* 

P U L S E GROUPS 6 (o,fcOO 4 G , ? 0 0 1 3 , 1 0 0 

r LIFE AND RELIABILVTY, 
* 5 -D IG IT MULTIPLIER 12 13,200* Q> 9 , l O 0 2?.,<300 

<o. T E S T E Q U I P M E N T , 

COORDINATED SYSTEV 
FOR COMPUTER RESEM&H 17 IR 7 0 0 

. _ , ! 1 
3 Z. 1 0 , 1 0 0 

7. BASIC C I R C U I T S 13 1^,3 0 0 * i a 2 3 , 2 0 0 4 3 , SOO 

--

TOTAL | 8 , 5 Q O | Q > T , 3 G O $107,200 $180,GOO 

B-33ZGO 
H I 

• • 

• 

• 

• 

• 

m 

\ 
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A C T I V I T Y JULY '4 4-JUNE 45 JULY '4 5 - JUNE'46 JULY '46 - JUNE'47 JULY '47 - JUNE'48 JUL* '48 - JUNE '43 JULY 43 - JUNE'50 C H A R T 6 

SPECIM. 
S U P P O R T I N G 

R E S E A R C H 

STAFF C O S T 
MONTHS 

5TAFF C O S T 
MONTHS 

STAFF C 0 5 T 

MONTHS 
STAFF C 0 5 T 

MONTHS 
STAFF G o S T 

MONTHS 
STAFF C O S T 

MONTHS 
COST T O 

JUNE ' * S 

I. PULSE TRANSFORMERS 12 f i i , ooo I O $ 1 1 , 0 0 0 2 | 3 , - 0 0 |3 t ,aoo 
VACUUM TUBE LIFE IN 

2. PULSE CIRCUITS 
1 7 , T O O 3 \4,kOO 2 2 , 3 0 0 

, HIGH SPEED 
3- F L I P — FLOPS 11 1 5 , 6 0 0 zz. £ 4 ^ 0 0 e.i 3 4 ,000 1 3 , 8 0 O 

4 MATHEMATICS AND 
APPLICATIONS RESEARCH 1 3 l t , 4 . 0 0 Z 3 ;G,OOO 6 9 56 ,000 3 8 , 4 0 0 

t- CRYSTAL STUDIES 
3 ' AND TESTING METHODS 

5 1. 100 3 3 ,300 i 1,600 1 2 , 0 0 0 

£ MAGNETIC RECORDING 12. 13 ,206* \z \ 3,4 0 0 3 2 ,6> 0 O 

7 SAMPLING SERVO 
THEORY 4 2 , 2 0 0 9 7 , 3 0 0 9 , 5 0 0 

a DATA CONVERSION. (b 0-.6OO I I 17,800 2 4 . 4 OO 

VIDEO AMPL IF IER 
g ( 2 5 m c B A h D ) t PROBE 10 n,ooo (o 3 ,70O eo,7oo 

10 I N - O U T ( MISC.) 12 
* n , i o o 3 3,3 0O* 8 \ 3,0 00* 3 3 , 4 - 0 0 

_ .. 

— 

_ .. 

— 

_ .. 

T O T A L $73 ,ZOO $ 3 8 , 5 0 0 $176,600 $ 3 4 8 , 3 0 0 

B-33efcl 
» 1 

. 
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A C T I V I T Y JULY '44 -JUNE '15 JULY H5 - JUNE'lfc JULY ' 4 - 6 - JUNE Hi JULY '17 - JUNE Ha| JULY '18 - JUNE '13 JULY '1-3 - JUNE'50 CHART 7 

STORAGE 
TUBES 

STAFF C O S T 

MONTHS 
STAFF C O S T 
MOHTHS 

STAFF C O S T 
MONTHS 

STAFF C 0 5 T 
MONTHS 

S T A F F C o S T 
MONTHS 

STAFF C O S T 
MONTHS 

COST T O 
JUNE 4 S 

> A . T U B E S . 
i TUBE. CONSTRUCTION 
' 0S3 TUBES.AILTTPES TO 

D E C . ' ^ a (a $ 8 , 5 0 0 2 3 $ 2 5 , 2 0 0 3 9 $G>3,300 $ 9 7 , 0 0 0 

P B A S \ C S T U D I E S 
C L I F E STORAGE BEHAVIOR) 

5 7 , I O O 7 7 ,70O 2.4 3 8 , 9 O 0 £ 3 , 7 0 0 

3 . T U B E T E S T I N G 2 4 3 4 , 0 0 0 17 1 8 , 7 0 0 * 3 3 5 3, COO 1 0 6 , 3 0 0 
4. T U B E D E S I G N 

(MECHANICAL) 4 5,1 OO 3 3 , 3 0 0 lie, 2 5 , 3 0 0 4 I, S O O 

c LAB £ PROCESSING 
E Q U I P M E N T I (o I 7 , f e00 2 0 3 2 , 4 0 0 5 0 , 0 0 0 

D E V C O N S T 
T E C H N I Q U E S 3 4 , 2 . 0 0 4 4 , 4 0 O Co 9,7 0 0 I d . , i U O 

7 HOLDING GUNS a 2,2 0 0 ia 19 ,400 cL l , fcOO 

P 

, , 

B. C I R C U I T S 

I D E F L E C T I O N <o 8 , 5 0 0 6 G,foOO & 3 ,7 O O ' 24,soo 
2. O U T P U T 1 6 2 9 , 2 0 0 2 9 , 2 0 0 
-a RELIABIL ITY TE5T5 
3 ' OF T U B E S 18 2 9 , 2 0 0 2 9 , 2 0 0 

T O T A L $ 4 , 8 , 0 0 0 | 9 E , 3 0 C 8311,300 $ 4 7 1 , 6 0 0 

B-33a62 

• 

• 

• 

• 
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