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&@al counts. Only discrete quanMtfe~ 
arewed by the whirititduring a cmnpuiatim, and theseare 
repr- nuonerdcolly. Fa. ~ m p l e ,  the PbPCw 1. a 
simp& &#w device rn which cakuktims rrrs parformed 
by s-imterre ahngwt r&. Theprecisim of a digital 
e o m & t ~ ~ d n d b y t h e n u m b e r d d & l b  inthemachine 

n contrast, an analog computer measures; the qasm- a 
t€ties it users are continuous. For e-ple, the slide rule, an 
malog device, provides contfnuous mathematical measure- 
ments. The precision of any particular analog computer, 
however, has a definite upper limit, determined by the pre- 
cisian of f ts fabricated parts, and once this limit f s reached, 
precision cannot be increased without a redesf gn of the whole 
ulachine, 

dern  electronic digital  computers operate auto- 
matlcally. Usually, high-frequency pulses travel along 
transmfesfon lines from one element to another and cause 
electronic circuits to be turned on or off, The resulting 
electronic states of these circuits represent the numbers in 
the problem. 



. . 
.> 
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W&b& I i. a general- 
purpose- eledtronic digital computer. 
 ugh It will handle only one type sf 
problem at a time, its program can be 
chiaged in a few seconds to aceomma- 
datem& variety of problems infdved in 
the p~oceming af info~mtion. 

ENGINEERIIQB 
GOMPUTATIONS 

T'a s h e  the some problem by . . , 



I 1s a parallel computer,., I 

ARITHMETIC 
ELCM ENT 



MANUAL COMPUTATION 
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STORAGE 
The memory for initial data, instructions; and 

f ntermedfate results. 

in 
Manual Computation 

& 
ELECTROSTATIC STORAGE 

h 
WHIRLWIND I Computation 

~n W W  l t ~ o  separate 
banks of electrostatic storaqe tubes 
are used to provide a total storage 
capacity of 2048 s firteen-digit binary 
numbers. Each bank has sixteen 
tubes. The first diglt of a number 
irs stored in the fir& tube of a loank; 
the second digit, in the second tube; 
etc. The computer handles all 
sixteen  digit^ of the number simul- 
taneously. 

ARITHMETIC ELEMENT 
The section which performs arithmetic operations 

add subtract multiply divide 

ARITHMETIC ELEME 
in 

WEIRLWTNDIC 

1 b Manual Com~utation 

I 1 STORAGE b-1 C O ~ T R O L  1-4 FI FUCUT 



USER PREPARES PROGRAM 

eforc Whirlwind I can solve a problem, t h e  user  rl lust  break d o w ~ l  lhc 

general processes for its solut ion into s t eps  which  the  rnachlne can handie. Thcsc 

steps m u s t  then be coded into a program a s  i r lstructiar~s and numt-rers. 

Instructions, w r i t t e n  in a special codc of letters and decimal figures, tell 

the computer what to do; numbers a r e  s imply  the decinial  equivalcr~ts of the quan-  

tities involved in the problem. Each i n s t ruc t i on  and number is a s s i g ~ ~ e d  t o  a 
specific storage register in the  computer: instructions to consecutive regis ters ,  

i n  the  order'of t h e i r  execution; numbers to any remaining registers. 

hen the program is ready, an operator types it into spmfal W 
I input Muipmant which converts the letters h d  decf ma1 numbers into an 

intermediate code which the computer then translabs inh its awn hn- 
' wage - binary notation.  he tr anslokl version is stared on perforated * '  

gaper tape or magnetic tap-e, as the case demands, and may be fed to the 
ccsnquter at a later time and at a faster-thawtypewriter rate. AU Whirl. .. 

wind l computations are performed in b h a v  arithmetic which w&s only 
the digits zero stmi me. 1 .  , 

soon as tlsa prog~mq &h &mpubr s $ ~ ~ ,  Whirlwind I is ready to 
W#m W solution of the problhm. .CCp&rol 1-B fie fir& instmuon f m  
StOiage* examhim it, and send& @e &roprfa@ ccammmd'puhes to carry it out, 

. Control then ggm on t~ each h&ruqttm se$iien.Wy, a d 1  causes it ko be per- 
forhed, 

The Imt i n a b ~ t l t m  tern fhe c o ~ ~  htW to &fiver its results, Thwe 
may -be h the foxm d a table, qn osaiUomap8 display, ar a stream oi imp;. 

I '  

a l a l f l s t m a ~ n w h i d  dimctstheeom- 
puter & emmine the rersulb it has 
*eadg salculated and tq determine 
from theEt@ rwulter which of two P1- 

f t  WU ~o~Iow. 
d e & l w  might be larheth~r to re- 
peat certain series af steps or to 
emtime with a new wries. Thus 
the cwllputer is able to modify and 
g@nerate paml a€ ib awn p ~ o g ~ a m .  



I T h e  electrostatic stmnge *I me the 
tebvidoa picture tub, m a  a movable ektmn 
beam to &trf]3u%e informtion over a surface. 
The -w b1m Illustzates the operation of 
the atorage tube. A high-velocity electron guu 
*pll:itesV a binary digit as a charged spot on a 
die-ic atorage surface. Whether the spot b 
chargedpoeJiam1y digit 1) or negatively (for 
agit 0) 0)enda eda Og voltage level ai the aur- 
&m at the t h e  at writing. A holding gun, pxo- 
d ~ l L P : e l e e t r m i l ~ , ~ d i ~ ~ ' i n s t o r r r g e n  
fox aa 1- r pertad srs delsi~d. The Mgh-ve- 
1a iW g u ~ r b b & t a ' " r e a d ' '  whmtbe 
readbeam &rflresachar@8pot,asigmlap- 
yeara on &e dput. fie born tha dgaal plate, 

The elmtrmtadc a b r w  tubes used iu 
WhblwfadI were designed mdcomtmctedh the 
Bemomechani~ms Labratory at WLT. 
deUcate prta muat be a~sembled with apecbl 
tools, and -erne care mulst be bk& to guard 
~ t h a n d m o l s t u r e a n d d w t p a r t b h s ,  T b  
plrroe&mc~ ol component mounting, tube sealltlg, 
evqmation, and activation require patiencspl- 
how-how, ande-iw t&a *e madeon each 
Inbe Irefore i t  is amqated f' lame. 

I . '  



Ge computations of Whirlwind I are executed by high-fr equency 
pulses in electronic circuits. The principal circuits are  the FLIP-FLOP 
and the GATE TUBE. The FLIP- FLOP is a two-position electronic 
switch Two vacuum tubes are so connected that m e  tube or the other i;s 
conducting - but not bath. The FLIP-FLOP is capable of maintaining 
either position Mefinitely untfl it is switched by a command pulse. Thus, 
if we interpret one positton as a 1 and the other as a 0, we may store 
intelligence in the FLP-FLOP by sending a command puhe to establish 
the desired p i t i o n .  

The GATE TUBE is used to control pulse travel. A sensing 
pulse arriving at one grid of the GATE TUBE will appear at the output 
only when a gating valtage is applied sfmultanewsly to the second grid. 
By connecting the output of one tube of the FLIP -FLOP to the second grf d 
of the GATE TUBE, we can control the opening and clming of the "gate." 

Whirlwind I uses about 215 FLIP-FLOPS and 1500 GATE TUBES 
in its Control and Arithmetic Element. 
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