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INTRODUCTION

Introductory materisl on digltal computers has been
collected into this volume. Reporte R-115 end R-116 are papers
given before winter meetings of the American Inetituie of Electrical
Engineers and the Ingtitute of Radio Engincers. The naxt five
memorandums contain the text and illustrations of lectures given
for the staff of the Hlectrioal Engineering Department at M. I, T.
The last report, R-90, discueess charasoterietice of tho binary
systems of numbers.

In considering the lecture geries materiasl, the reader

' is also referred to volumes 1 and 2 discussing the Whirlwind progran,
volumea 5, 6, and 7 on computer block diagramg end volume 8 on

mathematica.
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M Serles Memorandume
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SIS 3 M-96 9 M-13L 7
M5 9 M-99 15 M-135 7
M-5F 15 M.107 g M-136 T
M-61 g M-101 11 M-137 7
¥-62 4 M-103 16 M-138 15
M-62 y M-107 19 M-140 L
M6 4 H-100 11 M-141 7
K-bf 14 M-107 19 M-1U42 i
M- GE 4 M-104 1€ M-143 a
M-6E 15 M-11 15 M-14L 10
M~B6¢ 4 411 7 M-145 11
M-T1 g M-112 9 M-146 12
M-]¢ 16 M-111 7 H-147 13
M7l 14 M-11b 19 M-1L8 1L
M-T6 Rl M-11¢€ 16 M-149 15
M7 15 M-117 7 M-150 16
' M-Tt g H-11 16 M-151 17
M~8C 16 M-11 16 K-152 18
M-8) 16 M-12 g M-153 19
M7 16 M-22 7 M-154 20
M. 82 1 M.120 8 M=155 21
M-BF 14 M-17 T N-156 22
MBS 1 M-128 16 M-157 1]
K-91 1 M-129 7 M-158 i
¥-9¢ 15 M-130 9 M- 159 9
M-k g M~13 16 M-160
M.132 16 M-161
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BEF, YoLr., RiF, YoL,
E.7 14 E-52 19
E-24 7 E-53 13
-2 10 E 54 19
E-32 10 E-55 19
E-33 19 E-56 16
E-37 15 E-.B7 16
R=38 19 E-58 19
E-39 15 E-59 19
E-41 15 E-60 19
E-42 15 E-61 16
) B-44 19 E-63 19
E-45 19 E.64 15
E-47 15 E-68 13
2-48 19 E-69 15
E-49 19 E-T1 19
E-50 16 E-73 16

C=15 14
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L. ~®
. MEMORANDUM NO, M-62ed
6345
WRITREN BY: Jay W. Forrester Page 1 of 9
SUBJRCT : The Project ¥Whirlwind Program cof Illustrations:
Electronic Digital Computation A-30337 A-~303560
A-30338 A-30561
DATS Mareh 12, 1947 A-~30363 A-30346

A~30340 £-303562
A=-30341 A.30339
A-30342 A-30354
A-30343 A-30355
30344 4-30366
A 30346 £~-30357
A-30347 £-30358
A-30348 A-30369
A-30349

This firet discuasior is to introduce the naturs of electronic
digital computation and to establisgh the vocabulaery and baslc concspte
neceassary for the following eeries of lecturaes

' In the last saveral electricel engineering semipars, we have
heard discussions of the differantial sanlyzer and annlog computers First
then, let us distiuguisgh clearly between analog and Gigital type computing
oequipment. The analog computer represents numericel values by the magni-
tude of a physical measurement, us for example, the voltage in an 4.C
network analyser or the magnitule of a shaft rotation in the differential
analyzer. A digital computer, on the other hand, uset discrete numerical
values and arithmetic type caleulations. In A1llustration A-30337 we asee
s collection of analog type computing elements. & geparate circuit com-
ponent ies used for each computing operation, and we note in the illus-
tration avallable equipment tor the processes of addition, smplification,
integration, introduction of tine delay end inversionm of siganl. In
illustretion A-30338 11 a typleal hookup of such computing slements for
the solution of a probles ln ordinary differentisl equations. The
nature of the problem is described by the physiosl cirouit connegtions
of the aystem. As herein illustrated numerical values are represented by

voltages on the interconnecting lines. The solution of a differential
squation by this method is thecretically exaot because the \network 1s an
exact and contimious representetiocn of the problex to be solved. However
praotioal and physical limitations are introduced by electrical nolse
level, mechanical baoklash, circuit non-linearities, eate As a result,

precision of one part in one thousand is good for mnalog equipment and
one part in ten thousand 1s perhape the test obtainable
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' Referring now %o illustration A-305B63, we see the block
dingran of s digitval computer The physiecal ccmnectiong of such a
systew are permanent and not sltered for the problem to be solved
Wuantities are handled in the somputer as nuuwerical valusa and cen De
cerried to any ragquired namber of deoci=al placos A digital couputer
requires the five prinsipal froctions 1llustrated. Yhe computer sulves
mgthemationl, sclentifio, and engineering problems by ocarrying out n
gseries of arithmetic steps, ors at a time. The arithmetic olement can
carry out the basic opsrations of arithmetic and other eassential functions
to be described later. Storags provides the required "memory® for re-
taining the program which controls the sarien of numerioal stepe t2 be
executed and likewime provides & means for storing partial nomerical
regulte during the procens of : computetion

The control element rovides the tinming slgnala for the
remalnder of the computer Ir cperation i1t extracts a control order from
atorage and in reeponsa Lo the coded information therelo rcoomplinhes the
next required numerical svep ia the computation

The input meclenism srovides n communicatlion mesns Detween the
human operator and the compute-. FProblems in the form of initial data and
controlling program will be propared in coded form externnl to the con-
puter on photographic Iilm or /ire tape and resd intc the storags element
of the computer by the injut michaniem

. The output from the :omputer may be in several forms typewritte
for isclated results, sraphicsl. for engineering data lending itgall to thie
method, and digitel or numeric.l as coded information on photograpkic
film. %This numerical informat.on on rilm ¢can later be used by the
computer 1itself through the in ut device or can be ‘deccdsd and typed by a
transoribing anit

It 18 readily recogn.zed frow the preceding discussion that &
digital computer is able to do only computing ojerstions that are
possible for a human ojerator nd desk caloculating maschine. In

illustration A-30340 is shown .be correspondence between the antommtic
digital computer and a human ¢ Eputes: Ihe iapot provides orlginal darv
ard instruotions for the probl ¢ to be asolved. Thiws Information 1s
stored in a noteuook currespon .ing to the computing machine etorage, an
in the notebook are likewlse e tered partlal numerical resulis arising
during the oparation The comnting machine correspocds to the arithmet

elsment carrying out additions multiplications, divielons and other b
procesees. The operator acte e the controlling element te¢ req in
etructions from the notebook e.orpnge and to earry out the tra
nuperical values between gtora @ and the arithuetic element. Dal
of final results corresponde t tho machine output
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most mathematical work, double length multiplication in the form (atb)(e+d)
will be required and four multiplications must be performed., Thie con-
pound mnltiplication will be carrled out with no more program orders

than required in the Whirlwind II computer, but more time will be

required for the execution of a complete multiplication.

The Whirlwind I computer is being designed for study and
demongtration of computing circuite and trouble shooting methods, and the
computer will be used for mathematical researnh and study of engineering
problems. Design of the Wnirlwind I computer is now in progrees sni con-
struction will begin this year. Laboratory testing is expected to continue
through 1948, and the equipment should be ready fo:» mathemetical research work
in 1949, Design of Whirlwind II which ie the final large scele objective
of this project will start as soon as possible, probably in 1948 and will. |
require relatively longer to construct and teat than will the Whirlwind I,

Much mathematical research must be comploted before a saltsble
background of information ie available to malte proper use of a computer
with the Whirlwind II capecity. It is hoped that She foundation for this
research can be lald immediately and that Whirlwind I oan make valusble
contribution to the knowledge of high-speed numerical analysis and digltel
computation.

Jay W. Forregier

JWFivh
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ARITHMETIC
ELEMENT CONTROL STORAGE

Y l Y

DIGIT TRANSFER BUS

A A

INPUT OUTPUT |

6345 A 30353
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) d2x dx
3 e B S % X = 10
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NUMERICAL SOLUTION

N
Si=—y l\l'l-l
. | KN
KNOWN:Y,Y,Y, at th and tp- |
n n-| l 3{’\
» | ¢
Yn+1= ¥n— +2 h¥p | 3
L
. 5y | . ¢/
Ay - — ntl +8Y¥n — ¥n ! h
12
- 5?n+| +89n_9n-l
Ay == 2
Yn+|= o 9n+l A-2034A4
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1[84
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BR -~ MULTIPLIER FORTEEL | |
'AC - PRODUCT j _ _J | |
ARITHMETIC | #STORAGE
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REGISTER INFORMATION PROBLEM
IN REGISTER ®
N s carsnissann a 3 b
4 S2 e b 5 d‘ = ad - bec
Sg S3 o —cC
s Ss4. . d
g (]
S5 t S2  to BR
S6 t S3  to AR AND MULTIPLY
s S7 t AC to S|2
g
g S8 t S to BR
O s9 t S4 to AR AND MULTIPLY
@  si0 t S12 to AR AND SUBTRACT
S 1| t AC to OUTPUT
50 Sli2 (USED FOR PARTIAL RESULTS)
ét‘;
x &
& &

345 A 30348
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BASIC COMPUTER OPERATIONS

I. ADD

2. SUBTRACT

3 MULTIPLY

4. DIVIDE

5 COMPARE — CGHOICE

6. SUBSTITUTION ORDER

A 30350

6345 A -305'__‘._'?9:
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couLOMB FRIGTION

AIGOULOMB FRIGTION
’F ! -~ Fmax

2
Mg—:i = P(t) + F(t) = f(t)

A 30351

6345  A-3035I
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REGISTER

S 27
S28
S 29
S30

S 3l
S 32

FOR PUBLICRELEASE,,
__ RELE

| £ Oxa)

QUANTITY

f (xo)
f(x,)
fxe)
f (xs)
f (xs)
f(xs)

S53

n

2. 3, 4 g — =4
X =245 =N.n
OPERATIONS
7.1 [ G— "
S42 t ——— to AR-SUB.

543 t =393 0 AR-MULT

S44 t —— to AR—ADD

SEPARATE N FROM n
STORE n IN S53 ADD 27

ASE 06-1104.

to N

PLACE (27 +N) IN S42 8S44 BLANKS
PLACE (27+N+1) IN S41 BLANK A 303s2

"y
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BINARY NOTATION

DECIMAL BINARY
o __ 0
l\ - |
7 4 S — 10
(., g g | 1
4 — 100
- 1000
S __ _ 1001
845 = 1101001101
[ I | L -
| -4
I Ted
1 - 64
-~ 256
S ~ 512

A-30354 845
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BINARY NOTATION

DECIMAL BINARY
O 0
Vo |
2 _ 10
d I
4 _ 100
8 . 1000
D i R A — 100l

845 = 1101001101

T —
| | =4
— 64

-~ 256

A-30354 845
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BINARY NOTATION o

REPRESENTS POWERS OF 2

MULTIPLICATION TABLE:

I X 1 =1

| X 0=0

0X0:=0
ADDITION:

I + 1 =10

| +0¢= |

0+0:=0

BINARY COLUMNS 2z 33 X DECIMAL COLUMNS
ONLY DIGITS | AND O REQUIRED IN EQUIPMENT

A-30355

345 A 30355




@.wwoﬂ:( - Qv ES

._I_O—D I_q_mmw | | I | | Q | N_ I
O 4 3 € v S 9, 4 8

A..

o

1 P

T o

© s | _

m AGE0¢E -V |_|_|

L 05 e

< S e

O “ 0

: S3NIT “

h_._m 37dILINW oy =R S ﬁ_u

< NOISSIWSNV YL A _

- 1191 1377VHVd =15

LL " o)

o 51

O | |

U |

o)

S 13AVHL 3SINd———

a INIL —

muv E L L I I e e W W W
I I | | I I

a)

LLI

=

O

d

o

o



}
PPROVED FOR PUBLIC RELEASE. CASE 06-1 104.{

_T-I\ZJ
9
A @
v a
0
| ©
P © ;o
| ot 9
PE
) e
\d L/ |
|| ! |
[ 1 || ©
— | x ‘ Cox
1 | — QO




PPROVED FOR PUBLIC RELEASE.

Ll
.
L
3
n
.,\ \ |
| | /
\.
-
1.
| T F
L
34_ / |
(]
7\
' #'|
u» [

=
QO
A 5
[ 2
| O
| S
.5
|
J

3RD. ANODE

CASE 06-1104.

101

{ 1))

.m,

g

9
g
=4
B‘:J .
=8




APPRO‘&EDNF@RAPUBIUF@'ERELE SE.S(;,@&E 06-1104.
EQUIV MICROSECONDS o
COMPUTER TYPE BINARY PER CONTROL
CAPACITY | MULTIPLICATION
JARVARD MK I  |MECHANICAL 5, 500 3,000,000 TAPE
ITL RELAY TAPE
LOF P ENIAC  |FLIP-FLOP 660 3,000 PLUGBOARD
ARVARD MK I |RELAY 4,600 700,000 TAPE
.OF P EDVAC | MERCURY 15,000 1,000 WIRE
AT WWI ELECTROSTATIC| 32,000 ¥ FILM
1T ww2 ELECTROSTATIC] 640,000 35 FILM
'CA IAS SELECTRON 160,000 120 WIRE
U. STDS 170,000 3,000
s A-30359
clas A-30359




PPROVED FOR PUBLIC RELEASE. CASE 06-1104.

M-63



PPROVED FOR PUBLIC RELEASE.

CASE 06-1104.

s .
HEMORAKTIT 10, H-63
Written by Robert F. ‘Wverstt 63U5
Subjeats: Mgiial Computing Machine Logic ga 1l of 17 nagos
Da‘ei March 19, 1947 Tliuntrvbians
- 0239
.._. ;

This peminar will be soncernsd with ths A-7039
parallel digit tranemiszelon type of electronic computer A-T040E
desoribed by Mr. Forrester in lae: weak's seninpar, A-20395
Illuetration A-30339 shows a simplified block diagram for ;-‘f‘396
such a computer. Tha five elements are the lmut, output A="03
atorage, control, and arithmetic slement. The input i3 A= r.307
neoded to transfor toth numbers sad orders to the computer A-70398
while the output isa na*c for extracting resultm. A1l thae A-10399
mnbersa, initlal conditions, partial results and orders A=204H00
ara ntorod in tha storage slement. Mo diastipction ig mede .-'L-_’t.‘uGI
between orders and rumters, A slagle arithmetic clement ‘s A= F-«O?
providsd, %de abllitied i whlch sll ©a ‘descrinéd Latér. A-TUL] -
The coatrol directa the extraction of ordsrs from the A-T0410
storago ard sete up the: proper awliching to carry out
those orde-s.
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{ategere nosded Foseible numberp ectend.iu sither direction with @ TIE
power of the base. On the scale sghown, mwmber: ilch are exosalingls |
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BASIC COMPUTER OPERATIONS

l. ADD

2. SUBTRACT

3. MULTIPLY

4. DIVIDE

5. COMPARE — CHOICE

©. SUBSTITUTION ORDER

A-30350

—————
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345 A-30350/"
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e-aqa
3/ u'faw A-3039%

OPERATION | STORAGE REGISTER NUMBER J

LOPERATION |, STORAGE REGI\STER NUMBER

& D\WG\Ts | 14 DIGITS

i
[ a0 oannnnn ﬂi_lTJ

P30 PIGVTS -

©4 POSS\BLE OPERATIONS
G, 384 POSS\BLE REGI\STERS
1,0A8 576 POSSIBLE ORDERS

A-305D4
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% CODE MEANING
& ca CLEAR ACCUNMULATOR AND ADD
ad ADD INTO ACCUMULATOR WITHOUT
CLEAR\NG
?‘E cs CLEAR AC AND SUBTRACT
33% su SUBTRAZT INTO AC W\I\TWOUT
CLEARING
me MULTIPLY BY CONTENTS OF AC
te TRANSFER CONTENTS OF AC TO
STORAGE
dv DIVIDE BY CONTENTS OF AC
sl SUIET LEFT
sr SHUIFET RIGWT
sp SUBPROGRAM
cp CONDITIONAL SUBPROGRAM
| (COMPARISON )
td SUBSTITUTION ORDER

INPUT AND OUTPUT ORDERS

A-30A08=|
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345
RRE
~3/39,/&.‘!

NUMBER SPECTRUM
BASE 10 .... @,x10%+ @ x\0'+ax10°+aqx10"+....
BASE \2 .... a,x \2% + a,x \2'+ a x12°+a_x\2 ' +....
BASE 2 .... Q,x 2% + a, x r AN Gox?.od\-d_‘x 27\
BASE N .... Azx N®+ a xn'vragxn’ra xnn...

A-303595
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BINARY NOTATION
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3;5?*71 A-30327 REGISTER LENGTH

N DIGIT REGISTER

SIS - e e et e

< INCREASING “POINT DECREASING =

N DIGIT REGISTER

POINT

N DIGIT REGISTER

CPOINT

A - HODXDT
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345 - ITI
3547 o REGISTER POSITION
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&345 FIXED AND FLOATING POINTS
1% /a A-30393

| SCALE FACTOR —

| |
_____ /F . ‘Jl e e

7
CMACHINE POINT TRUE POINT

l~——— SCALE FACTOR— =
o |
]

(MACHINE POINT

- .

FLOATING [~ SCALE FAGTOR i
_____ non ognn B
MACHINE POINT TRUE POINT

EIED ~——— SCALE FACTOR —

) oo
T _[] #.n 1 ) IS T D_D_ =l = . == =

¢ CTRUE POINT
MACHINE POINT

A-350599
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&345 DECIMAL ADDITION
ReE.  A-30800
3546
1371
/4
4817

A - 30400
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&345 BINARY ADDITION
37’!??47 A-3040!
(totiol1o
10110110

A
01{01i00

I
/I {l
101001000
|
/I /I
100000000
|
110010000

A -3040)
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G345
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A BINARY ADDER
GT = FF GT |
FF
GT

CARRY
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0
¥ BINARY DECIMAL
R +010110110 = N, ~ 182
€ ~011010010 —-N, ~—210
-2
010110110 — N, 8
ﬁ% 100101101 = 2=NgI
n
8¢5 111100011 = 2™(Ns~N)-I|
-000011100 — N -N, —~ —28
010110110 — N, — 182
-010010010 — N, —~146
+ 36
010110110 — N,
101101101 = 2"-Njs|

1000100011~ — N -N#*2™-I
END AROUND CARRY), ' 2
+i

000100100 — N-N, ~ + 36

A - 350410-I
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A30403-1 DECIMAL MULTIPLICATION

356
627
a2
35
21

2492

12
| O
©
9612
36
30
|1 8

223212

MULTIPLICAND
MULTIPLIER

PARTIAL PRODUCT

PARTIAL PRODUCT

PRODUCT

A-304035- |
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BINARY NOTATION

REPRESENTS POWERS OF 2

MULTIPLICATION TABLE:

I X | =1

I X 0=0

0OX0=0
ADDITION:

I + 1=10

| + 0=

O+ 0=0

BINARY COLUMNS &= 3% X DECIMAL COLUMNS
ONLY DIGITS | AND O REQUIRED IN EQUIPMENT

A-30355

&34 A 30355
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% BINARY MULTIPLICATION{. DECI. EQUIV.

A-

10110
Q01 |

10110
10110

232
31074

00000

1000010

1000010
00000

01000010
10110

110100010

MULTIPLICAND 22
MULTIPLIER 1 9

198
22

PARTIAL PRODUCT 418
PARTIAL PRODUCT
PARTIAL PRODUCT

=418 PRODUCT

A- 30409-1
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STEP |

STEP 2

STERP 3

STERP 4

STEP 5

10110 MULTIPLICAND
o011 MULTIPLIER

10110 PARTIAL PRODUCT

10110 MULTIPLICAND
(00 | SHIFTED MULTIPLIER

101 10 SHIFTED PARTIAL PRODUCT
10110

1000010 PARTIAL PRODUCT

10110 MULTIPLICAND
100 SHIFTED MULTIPLIER
00001 0O SHIFTED PARTIAL PRODUCT

00000
1000010 PARTIAL PRODUCT
10110 MULTIPLICAND
10 SHIFTED MULTIPLIER
1000010 SHIFTED PARTIAL PRODUCT
00000
01000010 PARTIAL PRODUCT
10110 MULTIPLICAND

| SHIFTED MULTIPLIER

01000010 SHIFTED PARTIAL
10110 PRODUCT

RLK
| 10100010 PRODUCT ot TR 304042

&)
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o345
e A-30405

BINARY MULTIPLIER

AR MULTIPLICAND |
7

GT

i

AC ADDER

SUIFT J

BR MULTI\PLIER

A- 30405
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% Ar30406
Ao ROUNDING OFF

DECIMAL 1(734(6148
5
1738 |1

17346148
5

1739

BINARY 11010/[I10I1O0O
l

11O 1

110101010
I

10 1] 1
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tggm A-30%22

DOUBLE LENGTH NUMBERS

A + B x 2"
+ C + Dx 279
(A+C) + (e+D)x2""

POSS\BLE CARRY

A+ Bx2™"
C+ Dx2™ "

AC + (AD+ BC)x 2™+ BDx 272"
N .
POSSIBLE CARRY

DOUBLE LENGTH PRODUCT

A- 30392
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6345 . .

TRIPLE LENGTH NUMBERS

A+ Bx2 "4+ Ccxe2"?"

D+ Ex2 Ny Ex2- 2"

AD+(BD/+)-E)>‘Z””+(CD+BE+AF)2'“+...
//

\~<\_( N~
2 POSS\BLE CARRIES

OUBLE LENGTH NUWMBERS

A-230393
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RE . A3033¢  NEWTON'S METWOD

TANGENTS
e

-.5—‘ FIRST GUESS

e
lv-son > e A
BETTER GUESSES
X0= OA
tan 8- 5' (Xo) = B2

BA
X, - 0B =0A-BA-X,-%(X,)cote
- x. -3 (Xo)
Q &l(xo’
5 (Xn)

Xnwi = Xn - S (Xn) A - 3029\
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A-304¥t
FORMULAS FOR THE P'" ROOT

'y
Shae/a1

RECIPROCAL PROOT  Xo.i= X [(P41)-ax.]

Xn—= QF

Pa + X+
a +Px’

PTROOT X = Xn

X,—™ Q A-304\4
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§ DEGIMAL NUMBER 235
I
T

L] "

@395
RRE
£

1] "

DECIMAL NUMBER 235

235—2 = 117 + |
7=2 =58+ 1
58 +2 = 29+0
29+2 =14+ |
14 -2 = 7 +0
7T —2ss 3 +|
2= 1 %]
| = 2= 0+ I

RESULT =11101011

BINARY EQUIVALENT OF 2

1]

10
20
3

23
10

230
5

235 =
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ACCUMULATOR

TO BUS = GATE
GARRY - ”

CLEAR e ACCUMULATOR
ACCUMULATOR 1 r

"A" REGISTER
TO AGCCUMULATOR -~ GATE

I

CLEAR -~ "A"REGISTER

“A" REGISTER 1r

GATE

BUS TO
"A" REGISTER

” DIGIT TRANSFER BUS *

A-30429

ARITHMETIC ELEMENT CONTROLS FOR ADDITION
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ARITHMETIC
ELEMENT

| L 1] | ]

DIGIT TRANSFER BUS

<—— GCONTROL STORAGE

INPUT } OUTPUT

e345 R
s A-3033 -\
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o345 BINARY ADDITION
P! A-3040!
(1011010

(0110110

A Al
01101100

N B
/l /I
101001000
|
/l /l
100000000
|
110010000

A -3040)




PPROVED FOR PUBLIC RELEASE. CASE 06-1104.

gHoe-y - WHbED

dOo1d-dI'1d

Q2T 0CV H

(o DIuL
(o 138
/0
Q3401S Ty m N a3yoLs
11910 40 1191@
LN3WITdWOD - av 3y
av3y 1
42v0T-v



PPROVED FOR PUBLIC RELEASE. CASE 06-1104.

22pOE-Y  FYED

o> 92
22v0€-V u m

& 6y ” * W By
= LD J1VD Olv“ . HHHHH/ N _ TO.FD&Z_
| 1Nd1No o |

11020dI0 3LVO




PPROVED FOR PUBLIC RELEASE. CASE 06-1104. I

\ePbOoe-Y

Sre®
%205 ey
| Py ‘ Wam
fheanslt W W I FTY, 97 ¥
4D | 3ivo o )f———- o Lna
Y
Jﬁ% m
10d100 o~
3

L1iNn2Y12 3JLvdD

\€H0E -



B R e I —— R ==

og2 7~

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

‘A" REGISTEK
—— TO ACCUMULATOR .
A A i
V_l 1 |
|GT - —READ—OUT —u] GT e
r oL < _‘| . GATE TUBES LA.\f .
s ] | | 'A" REGISTER
ey = 1,_ SRS e S = ___l P 1. _.__i._!.._ TO
| i | _| ACCUMULATOR
TO OTHER DIGIT,Z | .
I | =3
COLUMNS OF 13 | 07 v o <l
"A" REGISTER |° FF | | FF |
s s 1 R ' T RS
Ig ot | | i Ql
i i ]ﬁf' | ) °)
— | B —4 — — CLEAR
Y | | | -
E E' !% l l o $|
| o | | C.
.3 EII 1:% I.GT | READ — IN — | GT .
T | l | GATE TUBES | 'Fl !
=3 I 1 4 L BUS TO
: 5 | | | "A" REGISTER
i; ! T A 304 1

I~L24%0g-y
—cm 40
LI I R N B I |

|
|
|
|
|
|
|
|
m
[ o
w
(@]
p=3
o8]
r
m
w




~30433-|

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

A-30933 -
ACCUMULATOR

SECOND DIGIT GOLUMN FIRST DIGIT COLUMN

CARRY
“*= FLIP—FLOPS

L, r ‘7 rL_ TUBE |
B ey ETR E LF/
| | CARRY
[ﬁ l sl j__. I DR G l
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=20 O

| OTHER TN o
' | 0 0 =B}
DIGIT -‘ ‘ FF | | FF J-_"fflg'f;lg;g
COLUMNS | 1S T RJ S T R
f CARRY | ‘
- .___l' . B ‘“" o "J A Al A=

FROM "A" HEGISTER — S |

e — e ——

@345 A-30433




-3043%2~\

A-30432 -\
TO
SECOND _ DIGIT GOLUMN
[ lgT‘—l-‘--__.
! | e 0]
z S T R|
= bl
: o
=3
8 ¢$——+— i DE
P: - -
©
a
o
w
o o
r—
o
o
'—

FROM "A" REGISTER J

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

ACCUMULATOR
f‘BUS Ty BLUS
! [ _,,PEST_Qmuf_Qgtumuﬁ_t"_h_ ___CARRY
] |
FST - | CARRY GATE
' - | - TUBES
I [ ' FF 9O
-t CARRY FLIP—FLOPS
3_ T _RJ™
| HIGH - SPEED~ -
CARRY ; =irese T |
AT g | | |
GATE TUBE 8 J_ “’{D_E]’ )
. CARRY | |
" DIGIT STORE=CARRY |  READ-OUT
|» GATE TUBE | » GATE TUBE
| | B : 1_AGCUMU_I,A_TOR
| - TO BUS
[ ' fF O < PARTIAL - SUM
FLIP — FLOPS
__ CLEAR
A-30432-1
L 1
@349

A-30432-|

'




PPROVED FOR PUBLIC RELEASE. CASE 06-1104.

LEHOE-V SbeD
LSV OE-Y _UN
AS+ (o) AG- AO1=
v A
n \\
N INLSIMILOVHVHD
H3I4dSNvHEL O-da

=7l -
__ | _uum
L ,
.C._Ur._} 9 C__U
9SVvVO | | F
/
_.|| +|k +¢ AN e +
___ ] ﬁ , mm
__
vOoO0Ool |
h :
iR

D &
AOOI+ ASI+

40—k




PPROVED FOR PUBLIC RELEASE. CASE 06-1104.

2¢O =Y e

JNIL

s 20 sv1'0

AOI-

AG~—

SEVOE -V
m«.\m.o wd\.v.o mkm.o
¥401SI1S3y
ONILIWIT-GIH9
HLIM
39VL10A

a149 -"1041LNOD

AS +

AOI +

Jevoe -\




PPROVED FOR PUBLIC RELEASE. CASE 06-1104.

r}

i |
H

1z w
Ue 5
rl ¢
o3 |¢Cr
ME-K
:: O'M
T

| IlOui
relz¥}
ll |
-4 i
:l: m
1w = .
3 o)
L

ONE—MEGACYCLE CLOCK PULSES

A-3046R2



PPROVED FOR PUBLIC RELEASE. CASE 06-1104.

4 - EC‘._\-"?
A- 30469

DL

©345.
'DRB

INPUT AND OUTPUT WAVEFORMS FOR ONE-TO-ONE
INVERTER TRANSFORMER

A-3046°



A-2092L,

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

+10V  +I00V +I0V  +100V 0
®) Q @) T
& PS DELAY | 4 IS DELAY
1000 “ 000 it 1000
R | } % =
6AS6
IPUTH % L gOT
0 . --- = NEX
00l - v, STAGE
Pt Zs00
a
A 30424
£ s L S
-6V -6V —6V

GATE TUBES IN SERIES

6345 A-20924




PPROVED FOR PUBLIC RELEASE. CASE 06-1104.

HEl
15
$1/* o
kP
= . HR I
£210,<

F29—4 -’-E;
A. INPUT PULSE 3 s+
HEm
g
i I
i |G

F29—5
B. PULSE AT GRID OF v2

——;—‘—ﬁ%

F29—6
C. PULSE AT GRID OF V3

F29—7
D. DELAYED PULSE AFTER Vi

SISIITUIUIUIUITITTSSISIN S oy N

F29-8
E. DELAYED PULSE AFTER V2

WAVEFORMS FOR HIGH—SPEED CARRY

A-3041°



PPROVED FOR PUBLIC RELEASE. CASE 06-1104.

d074-dINd d33dS-HOIH

- ]
-

Jcomw% doow_% Wdoom_ .

d39NA L

¢
HENI —_— YENI Qa4dW
@ | 100
LOVO 0095
Y
7 —{
a4

| Ol vV009S

| i

adWWW

2 ol
V00015 VO09SS o |
_ — N — O+8

G240~V SYED




PPROVED FOR PUBLIC RELEASE. CASE 06-1104.

FI13—4
A. 0.875—MEGACYCLE TRIGGER

FI3—3
B. 7—-MEGACYCLE TRIGGER

WAVEFORMS AT ONE PLATE OF HIGH—SPEED FLIP—FLOP

A-304TI



PPROVED FOR PUBLIC RELEASE. CASE 06-1104.

M-G9



PPROVED FOR PUBLIC RELEASE. CASE 06-1104.




PPROVED FOR PUBLIC RELEASE. CASE 06-1104.




PPROVED FOR PUBLIC RELEASE. CASE 06-1104.




-
|
APPROVED FOR PUBLIC RELEASE. CASE 06-1104,

|
|



PPROVED FOR PUBLIC RELEASE. CASE 06-1104.



http://wj.11

PPROVED FOR PUBLIC RELEASE. CASE 06-1104.




PPROVED FOR PUBLIC RELEASE. CASE 06-1104.



http://wj.11

PPROVED FOR PUBLIC RELEASE. CASE 06-1104.




A-3032 -\

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

— — lr-—— e —— -—_—
\ | .
| | | |
ARITHMETIC |_ | el |
ELEMENT | ' CONTROL | STORAGE
| : .
| |
, L
] B T T
I i !
| | | | | |
. E . I i h
| ! bieit TRANSFER BUS |
_| |
;| J
i R
—————= INPUT OUTPUT = —
| _ |
L |

e345 R\t
e e A-ZoD33 -\




<

o OPPOE=Yy SPED
— :
&

o

n_._m OP¥ 0L -V
<

@)

L

(0p)

<

LLl

-l

LL]

Y

O

-l

m

2

al

Y

O

L

a 39VHO01S

LL

>

O

Y

al

ol

SH3QHO0 4™ NI9IYO

¥31NNOD

M oT-Y



PPROVED FOR PUBLIC RELEASE. CASE 06-1104.

I-\ppOE -V

A

FH<D

| 39VHOLS - —

—

L |

i

H’.ﬁ
——1 HOLlIMS _

—— HILNNOD |

I

- 1P OC -




N1 sbeo

19| |19 19
T o ¥
1 | ) Y v \ |

| 39VHOLS - Lﬁ HOLIMS | 4d | - ¥31NNOD
—— — , — | L

PPROVED FOR PUBLIC RELEASE. CASE 06-1104.

"
J
»
¥
b
'



A-30442 |

PR

| GOUNTE;F
=

‘ SWITCH

I

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

\

wn
—1
o
0
>
@
m

|
l v I
! OPERATION |

| I |
| ST _conTRoL |

——

G245
BRE

RIX.
A-30443 -\




\-30444 - |
KFgPROVED FOR PUBLIC RELEASE. CASE 06-1104.

j ] E ]
LGOUNTER i ‘ PR | ‘ SWITCH |~ STORAGE
Ji | [ | |
EEE T H
| | |
- 7:[j FLq rﬂ—i
GT| 6T 6T 6T {GT\!
‘u? | ‘. | I TJi
_:“i' '__“_"I:L"""'___"_‘ _"_'_h_'_'__'.;.":_._:.’:___:l':__—__" _— Ib Ij} =t
GT 1GT'1{
|
o R
r r |
| switon 1_________* OPERATION ~ ARITHMETIC
L | CONTROL | | ELEMENT

345 RiX.

R A-30444-)




A-3044% -|

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

]

COUNTER (e

L‘SWITGH

|

= STORAGE

P —————

SWITCH

 CONTROL

OPERATION |

|

" ARITHMETIC
ELEMENT

t -

L
L
|

=)

)

G345

- Rfte

R|K
A -3DALS -\




A-30446-)

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

COUNTER

]

@
bt

:

]
PR ‘ : SWITGH

GT

__|

T STORAGE

b

|GT

" OPERATION |
SWITCH -

| GONTROL i

§®

 ARITHMETIC |

ELEMENT

|

0345 "

TIe=

A-3204406-)




g"APPROVED FOR PUBLI(; RELEASE. CASE 06-1104.

R

g

R




PPROVED FOR PUBLIC RELEASE. CASE 06-1104.

9
S
J{&T]

6]

‘ ]GTI
g &8 |

! ;GTI
[GT)

| X GT}
i .-

- nGT
A-30452

L_LF,_FJ

TIME PULSE DISTRIBUTOR
DIODE
MATRIX

oD45 A=30452
?EBB
—AANNAA—
AN
[DEF




‘\

T APPROVED-FOR RIYBLIGRELEASE GASE ©6-1104,

10110 MULTIPLICAND
STEP | 001 | MULTIPLIER
10110 PARTIAL PRODUCT

(0110 MULTIPLICAND
100 | SHIFTED MULTIPLIER

STEP 2 101 10 SHIFTED PARTIAL PRODUCT
10110

1000010 PARTIAL PRODUCT

|1O110 MULTIPLICAND
00 SHIFTED MULTIPLIER

STEPRP 3 00001 0 SHIETED PARTIAL PRODUCT
00000
1000010 PARTIAL PRODUCT
10110 MULTIPLICAND
|0 SHIFTED MULTIPLIER
STEP 4 JO000 10 SHIFTED PARTIAL PRODUCT
00000
01000010 PARTIAL PRODUCT
(0110 MULTIPLICAND
I SHIFTED MULTIPLIER
STEP 5 010CO010 SHIFTED PARTIAL
(0110 PRODUCT
RLWK
| 10100010 PRODUCT €343  8&/27/47

PRE  A- 30404 -2




h

\-30447 !

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

MULTIPLICAND | AR |
E%ﬂ
0
PRODUGCT [ Ac ]
MULTIPLIER B R N

345 A8
ole/~ A-304471 -|




A-30447 -2

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

MULTIPLICAND [ A R |

o
PRODUGT [ ac ]
MULTIPLIER . B R N GT|*|

G245 RIK
e A-20448 -2



A-30449-2

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

MULTIPLICAND

PRODUCT

(| e
MULTIPLIER =~ B R Q\J\?—%T ")

w3as - WK
o A-3044D-2



A-30450-2

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

MULTIPLICAND

PRODUCT

MULTIPLIER

LA
| A‘fc _SHIFT
- e [ %“2
~{ BR RN 6T]"l ‘
‘T—ciocx
PULSES

L34S
ReE

R\

A-30DASO-2




\-304

MULTIPLICAND

PRODUCGT

MULTIPLIER

\

~ APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

AR |
6Tk__ADD
IR
[ #E gt

r | ~6T]+, - GOUNT —\

_ X
o s A R e
=8 I
6T P
CLOCK
PULSES
©345 L\

,@"’c"‘t-:f A-BOAS\-2


file:///-SOASl

PPROVED FOR PUBLIC RELEASE. CASE 06-1104.

M-76



PPROVED FOR PUBLIC RELEASE. CASE 06-1104.




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.




PPROVED FOR PUBLIC RELEASE. CASE 06-1104.



http://conp.8i.te

PROVED FOR PUBLIC RELEASE. CASE 06-1104.

M-64



PPROVED FOR PUBLIC RELEASE. CASE 06-1 104.?




PPROVED FOR PUBLIC RELEASE. CASE 06-1 104.I



PPROVED FOR PUBLIC RELEASE. CASE 06-1104.


http://aJ.li
http://eo.ua

PPROVED FOR PUBLIC RELEASE. CASE 06-1104.


http://cn.de

PPROVED FOR PUBLIC RELEASE. CASE 06-1104.




PPROVED FOR PUBLIC RELEASE. CASE 06-1 104.:

|
|


http://Tb.ni

PPROVED FOR PUBLIC RELEASE. CASE 06-1104.



http://tb.it

PPROVED FOR PUBLIC RELEASE. CASE 06-1104.

3| T INTERPOLATION METHOD USED:

| EXTRAPOLATION: LINEAR, USING | POINT AND | SLOPE

L INTEGRATION 1 LINEAR | UBING | POINT AND | SLOPE
INITIAL. CONDITIONS: 14,®0, Y =I

4 - e e et ey g

NUMERICAL SOLUTION OF DIFFERENTIAL EQUATION
-4 - CEQUATION TO BE SOLVED: T ®-N - —
DATA FROM BWSL |-20 1

-5 USED IN £348 REFPORT Mm-li4



APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

2

%_t':zLﬂ- 0; TRUE SOLUTION: 4=SINt

NUMERICAL SOLUTION
LINEAR ONE-POINT ONE-SLOPE EXTRAPOLATION AND INTEGRATION

NO.OF POINTS NUMERICAL SOLUTION APPARENT DAMPING
PER PERIOD RATIO

e . - .003B2T




qQ + Yxpg = YA
9 4+ (y-Yx)q + L(u=-"x)o =""Y
o + UYxq + ;UYxo = YA
2 + XqQ + XD = A

NOILVYT10dVHLX3 3d071S 3NO : INIOd =2

PPROVED FOR PUBLIC RELEASE. CASE 06-1104.



B | e e | B e e S L TR VAR T Py |

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

NUMERICAL SOLUTION

y=—y
KNOWN:Y,Y,Y, at tp and tp-

Yn+1= Yn—; +2 h¥p




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

d?y
dt?

= +l.| =0 TRUE SOLUTION:Y =SINt

NUMERICAL SOLUTION FOR TWENTY POINTS PER PERIOD
WITH APPARENT DAMPING RATIO

(I) LINEAR TWO-POINT EXTRAPOLATION AND INTEGRATION

y= e %°%" L0121 cOS (1.04t) + 1.0459 SIN(1.041) | €=—.00913

-5.9
+e %" [~.0121 COS (3.956t)-.0459 SIN(3.956%)]

(2) PARABOLIC TWO-POINT ONE-SLOPE EXTRAPOLATION: LINEAR ONE-POINT
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The size or rating of a digitel computer can be dees
oribded by twe quantitiee the internal storege capscity, and the com
juting gpeed Storage capacity measuren the ccmputer's ability to retain
controlling program information and partial nueerical results. Couwpubing

gpeed meagurap the practicablility of uncertsking eclutlons requiring
millions of arithmetical opsrntions While exlsting computers have aa
internal storage litdted to ¢ fow thovsand digits, electronic developments
will permit atorage of hundredes of thousands of digita Wnere comunting
speods wers linited In mechanicsl and relay computers to a few ithms-
tical steps per second, electronic video circults will pash the limit to
eome 50,000 arithmetlcal operations per second

It ie apparent that computing speeds of many thousanis
of operationn per mecond are emsential to the eolution of problems re-
quiring hundreds of thousands or milllons of operantions 3 turtions of
this kind arise in partial differential equations describing the flow of

flulds and hoeat and %the atudy of electromignetie radlation Lengthy
series of calculatione are likewise enccvuntered In etrsas and deflection
studies ¢f structures and in the behavior and etability of complex auto-
l matic control systema

Reallza%tion of computing speeds of thousands of oper
tlone per second will be aocompllahed through controllsd video pulses of
one to seveial megacyclen repetition rate Computer reasarch ls directe
toverd improvements in digit storage msthods, pulse transformers, swiicl
ing. and arithmetical circuite In some circults pulasés of 0.1 micro

T

second duraticon at a & megacycle repeiition rate will be reguired. T
peruit step-by-step manual control of a computer for maintensance purposes

many of tlhise circults suet be a-g coupled and yel have a band width to
rasa 0.1 microsecond pulses fuleen in most o i

reuits normally appear in
noncyclic mapner so that gperation must be independent of repetltion rate

kadar aad television research of the last few years has
eatablished the foundatlon for such systemn xtennive nge will be made
of pulss transformera, crystal diode rectifier and electrical delay
linee

Developments in vacuum tubss leave much Lo be desire
reliability and especially in the knowledge c¢f those factors that in
fluence and predict tube 1ife In the high-speed slectronic computer
there will be two to ben thousand vacuum tub the failure of any one
belng sufficient tu stop the conputer

Keliability is a matier o aJjor concern 1o mputer re

' gearch In many electronic gnd co ation problems, st tic olas. ¢
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