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COMPUTING ON YOUR FINGERS 

-

• 

1 Abacuses 
and Slide 

Rules 

\Vm·:N WE FIRST sta11ed going to school, we learned to 
cou n t and to write numbers: I, 2. 3. 4, 5, 6, 7, 8, 9, 10. 
11, 12, a11d so on. 

Then we lcaroed how to add and subtract munbets. 
\Ve l<:aroed that 3 + 4 = 7, that 5-4 = 1, aod so on. \Ve 
were st1pposc�J to remember those ttdditions ao.d 
s11bt.n1ctioos. but somdirnes we didn't. "What did we do 
when we forgot? Some of us would ooont on our 
Sngt!rS. 

\Vh.i.t is 3 +4? Vie would hold up three 6ngCrS, one 
after the other, oounting : L 2, 3. Then we would hold 
up four more fingel's; counting l, 2,--. and all the llfl· 
gcrs on the hand \\.'(mid be used up .  \Ve would sta1t on 
the other hand for the other two fingers: 3. 4. Then we 
,vm1ld look a t  our hands. AU the fingers on o ne hand 
would be he]d up and two fingCrS on the other .  \Ve 
,wold oou1lt all the 6ngcrs held up and there ,,rould be 

seven of them. 11,at would tell us that 3+4=7. 
\\/hat is 5-4? Vie would hold up Rve fi11gers one 

after the other, cou11ting 1. 2, 3, 4, 5. \Ve ,1 .. ould next 

I 



tum down four of those fingers, counting 1, 2, 3, 4. 
Only one finger would still be up, so 5 - 4 = 1. 

An expression used to describe the working out of 
additions, subtractions, and other ways of dealing with 
numbers is "to compute" (kom-PYOOT). This is another 
form of the expression "to count." In adding or sub­
tracting you count, or compute, to get an answer. Any­
thing that helps you compute can be called a "com­
puter." 

Of course, the original computer is your brain, be­
cause you can work out additions and subtractions in 
your head. Usually, though, the word is used for de­
vices that help your brain get the answer. In that case, 
a person's fingers are the first computers. 

One trouble is that you have only ten fingers. Sup­
pose you want to solve 8 + 7. You hold up eight fingers, 
counting them, and you then start to count off seven 
more fingers. However, once you've held up eight fin­
gers, you only have two fingers left. What do you do? 

You might take off your shoes and socks. Then, when 
you've counted off 1, 2, and used up all your fingers, 
you can begin on your toes: 3, 4, 5, 6, 7. You would 
then have counted all your fingers and five of your toes. 
That's fifteen altogether, so 8 + 7 = 15. 

It's troublesome to have to take off your shoes and 
socks to add numbers. Another way out is to ask a 
friend to hold up his fingers for you, but that can be 
troublesome, too. Your friend may not be around, or if 
he is, he may have other things to do. 

A much better way is to hold up eight fingers, and 
then, if you want to add seven to that, you hold up two 
more fingers, 1, 2. Pealizing that you have used up all 
your fingers, you write 10 on a piece of paper and start 
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on your fingers all over, 3, 4, 5, 6, 7. You have five 
fingers up, and counting the ten you have written down 
(so as not to forget), you have 15 altogether. 

But then why use fingers, when you only have ten? 
Why not use pebbles instead? Of course, you always 
have fingers with you, and you have to collect pebbles. 
Still, once you collect some pebbles you can put them 
in a little bag and always carry that around with you. 
You can collect as many as you wish; you can collect 
hundreds. 

Making use of pebbles, you can add 254 and 127. 
First you count 254 pebbles and put them in one heap. 
Then you count out 127 pebbles and put them in an­
other heap. You push the two heaps together and count 
them all. You find you have 381 pebbles, so 
254 + 127 = 381. 

The Latin word for pebble is "calculus," so when we 
work out an arithmetic problem, we say we "calculate" 
(KAL-kyoo-late). "Calculate" and "compute" mean the 
same thing really, but nowadays we use "calculators" 
when we wish to speak of simple devices for helping us 
handle numbers. We use "computers" for more compli­
cated devices. 

Of course, it is tedious to count all those pebbles, so 
how about a short cut? Suppose you color the pebbles? 
A red pebble will mean 100, a white pebble will mean 
10 and a blue pebble will mean 1. Therefore, for 254, 
you put two red pebbles, five white pebbles and four 
blue pebbles in one heap. For 127, you put one red 
pebble, two white pebbles and seven blue pebbles in 
another heap. The two heaps together contain three 
red pebbles, seven white pebbles and eleven blue peb­
bles. You can exchange ten of the blue pebbles (worth 1 
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each) !or a white pebble (worth IO� 'That gives you 
thn·;c n,,-d pebbles, eight white pebbles and one blt1c 
pebble. so your ans,,-er is 381. 

Even so ,  it is bothersome to cany pebbles around in 

a bag, and to have to remember which <.'Olor is what. 
and then pick oot the right color) to do the calculating. 

Thousands of yearS ago, someone i,wentcd a ,,1ooclen 

frame \vith wires across it. On each frame were strung 
ten little tiles that only filled up part of tf1e wire, so 
they c-ould be shoved back and forth. 

All the tiles on the fin;t wire are l's; on the second 
wire, th ey are JCfs; on the third wire they are JOO"s; on 

the fourth wire IOOO's, and so on. You can go a.s high as 
you wish just by adding more wires. 

In solving problems, you count the tiles on different 
wires, moving them from 011e side of the wire to the 

other .  \\l)\en ten tiles a.re moved. you move them back, 
and then move one tile on the next higher wire iostt-ad. 
Such a device is called a,, "abacus" (AB-ul,-kus) .  

A person can quickJy leam hO\v to add and suhtrtw;t 
ou an abacus. It is very rnuch like having a ,,.·hole group 
of 1)iUrs of hands e.ach ,vith terl finger s .  It would be 
even more like the diJforc nt-oolored pehbles, excepl 
that on the abacus all the tiles can be of the same, c-olor. 
They just ha,·c to be oo different wires. 

Tiwrc are more oomplic..1.tecl al)<'l<..'\LSes. where �l<.."1 
wire has two <.'Ompartments  with Ave tiles in one and 
one or h.1,,u tiles (w'Orth 5 each, or 50, or 500) in the 

0Ll-1cr: Abacus(:S can then be usc.->d for mulliplication, di­
vision, and even ff1ore complicated opcr.1tions .  

Tbe abacus most be worked entirely by  hand. \\'hen 

you move all the tiles to one side on a p:.uticular wire, 
you must movt them all back and push one tile on the 
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next wire instead. l s  there any \vay of doiog that nu to ­
matically? 

In 1644, a French matJ1cmaticfan. Blaise Pascal (p:t � ­
KAL, 1623-1662) built such a dcvic-e. It consisted of a 
series of interlocking whecb:. Each wheel could mov,.: 
through ten slots before makiog a <.'()mplcto tum. and 
with each slot, a nu111hcr �1ppeal'ed in a small hole.:. 
stmting ";th(), then I, 2 ,  3 ,  4, 5, 6, 7, 8 ,  9 ,  and finally 
back to 0. 

\Vheo it came back to 0, how<.·vcr. the wheel moved 
the next whee l  to its left one notch forward. Th(! wheel 
at the left changed from O to I, so that if you added 
9 + I. you got 10. Ead1 time th e  whee) at the right 
made a full tu 111. the wheel to its left moved one more 
ootcl1. Finally, you rt::-le,:he,,J 991 and if you pushed the 

wheel at the .-ight to the 0, th<> one to the left moved 
forward one notch to O and that pushed the wl1(.-el to lts 
left to 1, so 9'J +I= 100. 8)' pushing the "i1eels back ­
ward you oouJd suhtrac.-t. 

Pascal's device was the first · ·  ,m.:chnnica] calculator,· ·  
the; first device in whicl-1 t1 human being didn' t have to 
do all the \\,:,rk, but where the dc.>vice itself did some 
of i t .  

Pa«:aJ'.s d eYice could (.'\'Cn multiply or divide. If you 
wanted the aOS\\o'Cr to 61 x 42. )'OU just changed that to 
61 + 61 + 61-till you had added together lorty-1\,u 6J's. 
You would get an answer of 2562. 

Thal would: take a long time. to be sure. and you 
<.·cm]d easily Bose oou nt. fo 1671 .. a Cennan rnathe­
malician, Gottfried Wilhelm Leibni z  (LIBE-nitz, 
1646-1716), worked out a device, more c-omplicated than 

Pa.scars, that rould multiply and divide. 
The mecha11ical calculators of Pascal and of Leibniz 
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never n.,<all)' cnmc- to ht• used in their time .  The>· '-\Cl'l' 

expensive to nu1kc and tht·y could on))• solve ,111it<' ,hn� 
pie proh1cnH. It wns ea�ier to  have h01na1) hdng.� solve 
thcrn on pi11wr. 

A device 1.h:lt lx..-"t",Unt> more popular started with ll 

disro,"ry by a Sootti<h mathematician, John Napi<• r 

(XAY-p<«�ur. 155().1617). &tween 1594 and 1614, he 
,,o,l.ed out J ,,.ay cl gh itlg each number anotlwr num� 
her rnll<'<l a ·1oiw,1bm" 1LQC.uh-nth-uml. Xapi<r 1>"� 
prued tabk< , n  "loch )OU roukl look up th<• \oizanthm 
,lr any nu111ber )'OU ,,.&nted-

lnstcod of ,nu)Up)ying I\") numbers. )'OU k,ou'() up 
the loJ,tarithms of the Nu numbers ;md addttl the,n. 
The �um jO.l\'l' )'OU a new logarithm. nod if )'OU looked 
u)) thci number tht\t fitted it, you would have the a n ­
swer lO t.lw multiplic;1tion. Instead cl dh idln,; l\\U 
nu1nbcn,,y011 subb·:u...-t<.-d the loga.l'ithm or one li'01n the 
1�rlthm of the other, and looked \IJ) the muuh<'I' that 
fith.-d the m .. "''' l�thm. 

Sul('(" 1l � eas1{'T to add and subtrac.1 th.m to inuh..iply 
and dl\ ide, logarithms olfered J "'I)' h.m<l) short-.:ut 
"here complicated problem; rl multiplic;ilion and dhi· 
sion "'ere imd,ed. 

In 1632. an English rnatlK'll\JIK.un. William 
Ou!l,l,tred (A\l'f-red. 157-1-1660\ ,ho",.! """ to m....l 
\\'ll'ilin� time looking up �thrm I It- arranv.ed num· 
lx·rs •llong a \,'000-en naler in sud1 o1 \\i.l} th.lt the di.s ­
timce of e.;teh oumbcr from tlw ,tnrtmg po,ot was l.'(lual 
lo ib logarithm. If two sud1 n1lcrs un.• put tog(·ther and 
011<• is 1m1<k lo slide ug1li 1lst tlw other. )\JU can add the 
length of one number to th£\ leng1l, or anotlu.:r .  You 
,,oukl. in this way .  a<kl the low. 1rlthnu and be able to 
read off the answer to a mult1plic-.dion. lf you slide 
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one ruler against the other in the opposite direction, 
you subtract logarithms and read off the arls,,,cr as a 
division. 

Such devi(.'<�S are '"slide rules". These became more 
elaborate so that you oould solve 1nore and more com­
plicated problems quite qukkly. A:, fate as the t960s, 
slide rules w-ere necessary (..'QUipment for any scientist 
or student of scien<.-e. 1 used Orle whl!n 1 was in college, 
and I still O\',.,n it toda>'· 

Until after WOrld \\.hr II. aha<.'1.ases, too,  were inuch 
in use in countries such as Japan and ChiJrn. 1n skilled 
losnds. they <)(luld be as fust a,; slide rules. 

Even P..-tSC.:Lf's d evice didn't really die out. In cars, 
t.here is a JjttJc device that O'IC:."Mnres the total number 

of mik-s the car has t.ravded. It \\Orks c::xactlv like Pas-
cal's device. 

· 

·- -· ·  ' 
.. 

.. ,, '·, •;·· ,, ' ' 
l>,,�,11.L•,• 1

1
i 

• ' • l . ,. 
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SLIDE RULE 
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Or-.F.: TKOUHLt: WITH the slide rule is that it only gi"es 
approxim:lte answers. l cau solve 5.432X4,739 in a fi:w 
S(...'<..'On<ls on the slide nale :tnd gel the ,mswer 
25,700.000. The rea l answer is 25,742,248. \Vh::tfs 
more. tlu- slide rule doesn't tell me ex.act])' how many 
plac:es there ,u-e in the iuas,\rer. 11,e result might 11.tvt� 
been 2,570,000 or 257.000,000. I have lo ""'k out the 
oorrect number of pl<'<.'f'S ill my head. 

The first person who tried to get t-...xact.answer de4 

vk.es better th,m those \\Orked out by P.:i.scal aud Leib ­
niz \\.1LS au Eog]ish mathematicktn, Charles Babbage 

(IIAB-ij. 1792-1871). ii<' inherited money ,  and this nJ. 
lowed him to spe11d all his tim<.· on mathematical 
hobhies. 

He ''-'1LS wry <.-arcful about ways of cak·ulatiug and it 
bothen::d him that lognrithm tables (which are \�J) '  
complicated t o  work out) often h,\cl ma ny Cm}rs that 
would gi ve people w rong �m:,·wf·rs in their calculations. 
Babbo.\ge worked ha.rd to f'incl those em:,rs and <.'()m: ·ct 
llu�m. 

II --·-" 
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In 1822, he began to w(mder ifhe might save himself 
a lot of trouble hy building a machioe that v.'Ould calcu­
late logatithms automatica1ly £or any nomhcr. 

Babbage \\.'<)rked out the plans for a ve1y complkated 
machine that '"'ould :\(..'tually do the ,,,urk. Jt consisted 
of many rods, wheels, ratchets and gears that ,vould 
solve a whole series of arithmetical problems. Each s o ­
lutjon would start a 1)<!\Y problem that could be work<.-<l 
Ol•t for a new solution . Each solution would he o earer 
to the log;.uithm a,,<l eventually, there would be an an­
s, ... 'Cr dose enou..� to the true logarithm to be put into 
ll,e table. 

Sttch a machine should never make a mistake--as 
lc}ng as all the rods, wheels, ratchets aod gears were 
exactly the right size and shape, and 6tted c'llCh other 
in exactly the right way. 

But that was tl\e catch. J\o matter how mtt<.-h money 
6ahhage spent and how the workmen tried, the meth· 
ocls of the t-arly 1800s weren't good enough to make all 
the t>aJ'IS of rl,e m:,chine exactly right. ·n,ey didn't St 
each othe r  perfectly and "'"'Id jam or slip, so that they 
would come up with wrong answers. 

TI1e more Babbage thought about it , however,. the 
more enthusiastic he got. He deci<k-d tlw his l og ­
arithm--cakulating machine wasn't enough. After all, it 
would just do that one job. 

\\Thy not devise a machine that could manipulate 

m.1mbCrS Il l all sorts of ways so that it oould be made to 
solve any kind of problem? It c-ould be supplied with 
many kinds of rods, v.•l:u ... ·ds. ratchets ,md gears, and it 
could then be switched &om one <.'()inbination to an­
othf:r in order to solve one kind  of problem or another. 
Such a switch of combinations v., :,uld be a w.ty of in• 
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BABBAGE'S MACHINE 
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stniction (or '"programming'�) thf· device to solve a par ­
tjcular problem. The machine could riog a bell every 
time it finished some pa.rt of the problem. 

11u:n, too, when the machine got a solution that it 
would have to use later on. it <.'Ould hold tl1c number by 
freezing a certain arrangement of rods, wheels and so 
on, until it was ready to use it. lo this way, the machine 
had a ''mt•mo1-y.'' 

Finally. the machine could be attached to a printer 

so t hat the answer could be prinh:d out. 
A calculating ck.·vi<:e that is <..'01nplicated enough to be 

programm(..- <l and to have a memory and a v.iay of db:­
p laying ao answ'Cr is ,..,hat we call a ··compulcr" today. 
11\e machine Babbage ,�I.$ trying to (.. •(mstruct was the 
first t'Omputer. 

Babbage w:\$ absolute ly oorrect in his theories, but 
he simply 11ever m;;t<fo all his p:trl.'i fit together ·well 
enough for his device to ,vork. He remained enthusias­
tic and kept getting more and more ideas so that he 
kt.: pl starting over in order to build something even 
more <.·<m1plicated. v.rhich 1nade it even more c..-crtaio 
that the neces.sar)' pa.its couldn't be made to fit. He 

inanage<l to persuade the government ao<l scientific s o ­
cieties to give hill) grants of money, and he not only 
used them up to no nvail, he spent his entire private 
Wrttmc oo it ,  too. 

He never did finish and his machine ncvel' did "urk. 
A pic.. .'<.X: of it still exists in the Science ?i.·1 oscmn in 
Lo,,<lon. 

People considered Babbage a liulu1'C and they 
thought he was si1nply a crank who dreamed up a wild 
1m1ehinc that was only Gt to be laughed at. They didn't 
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stop to notice that his theory ,,,.a-. actually l'()rrcc,-t, and 
eventually, rnost p1 .. "()plc forgot h.im. 

He ,.,;lS bom a century too S001\. He needed things 
that no one had yet discovered in the early 1800s. 

·n,c ,.,il)' in which Babbage ()laooed to control his 
machine dated back to the wQrk of a French silk­
weavcr, Joseph-Marie Jacquard (2ha-KAHR, 1752-183-1). 

In 1801, Jacquard had ,,.'Orkecl out a way of controlling 
the weaving loom so that a pa.rti<:ular pa.Item <.'()uld be 
\\Urked out. The threads were C.'ll1'ied by a series of 
rods. (f some rods were allowt..-<l t o  ,,"Ork and some were 
held back, only ,-crtain threads would b e woveo into 
the fabric. If some rods worked at oue time, and other 

rods at another tiinc, the <.'Ontinuing change in threads 
could produce a patten1. Naturally, it took a human 
being to decide whicl1 rods ,vere to be used at diOerent 
thll(.'S. 

Or at least it did until Jacquard invented a system of 
stiff <.-:trds with holes punched in them. Some rods 
would be stopped by a card, but some would pa.,t.; 
thn>ugh the holes .  By using dillercnt kinds of punched 
cards that moved into pkt<.-e automatically, one after tlu' 
otJ1cr; different sets of rods \\Ould do their work in such 
a way that a patt(:m "uuld be ... vorked ioto the fahric:: 
witlH'.>ot human beings having to <lo a thing. This i.s the 
"Jacquard k,om:· 

Babbage t1sed punch cards to C:.'011trol Ilic workings of 
his device but, a.� I explained. nothing came of it. fifty 
ye-ars laler. however. punch cards were tL'l<.'<1 in �· device 
that did work 

It happened in the U1\ited States. ·nH,)1. 1ghout the 

1800s, the Uoitc::d States '"":LS incre-J.Sing in population, 
size, and wealth. Every te11 )'ears .  the fodcrn.l govern· 
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CALCULATOR BUILT IN 1875 

ment musl condu<..1 11 t.'t' ns1� tSE�· sus). TI:ie ct·mus 
count:. all lhe people hl the oowilr) and fitlds ()UI ;1,houl 
their age. 1heir jobs, lh<'ir homes, and how they. Jls<• 
·n1i,; w:1s ''el)' Important in tr}mp; lo decidt· how to con· 
tioue to develop the.· Umtt'O Stale) and makci it richer 

still. 
In the 1880 cem11,, so much m.,tt: dal was .s;atherecl 

1h31 it look years and years 10 add It all up. '"'"' it flll 
out. and m.Jke sense of It By tlu: hm<" the job v.-as 
ncMly Gnishecl it was almost Cime klr' the ISOO ccm� 
Some way had 10 be louncl to "°'* more qulcld) "ith 
numbt•r,; and other mlormation. llwre had to ht• some 
mechaniall device tllilt would '4Qrk t�l .. h:r th.m hum,m 
beings could 

B) tht• 1"80s. tJx.n· had be<_.n 11nport.ant ru:lvan<'t"S 
\\O('d, and �e..an and '>uch items could he manufM.­
tured in .,mJ.Jler sizes and \\ ith gre.i.tcl' {K'C1ir.1cy. 11lC)' 
could fit t�eth1: r helter. 

\fadlines <..'Ou lcl d1{-n-bre be hrnlt alon� the lines of 
J>asc,.i) 1i1..11d Leibni, th.J.t ,,:mi ld \\Ori<: weU and \mnkhl't 
be too LwJ.'c.> or too MJ><'n\i\'e. A numht·r of tllest.· \\\.'n' 

mam1 fa(·h1f'l-d and :;c)ld lo \anc>uS oflkt•,, 
They ooukl t."Ven be nlJCK> to clo ralht;r COtnplicrih•cl 

work In the 1870\, lor imtt1ucc. a Bnthh M..'ientisl. 
\\'ilh.un Thom","· "'-ho \\{ls latl·r made U),d Kdvin 
tl52...,1()()7). 1,1,urked out such a dt·Hce. It had dt."-erlr 
adjusted 1t,ean and "1wd, that alk,\wd the mac-lmw to 
cakufo.te the limes of I ugh ;and 10\v l.idC' ;ti .a fO,eo pl ,K"l' 
on the seashor\•, It could do 'i() for )"C'.tr'\ mto the futun..•. 

It W<l thi1, in J )peci:.U ,v.1r. \lost C".J�11k1ting ma­
d11m·� handle numbers. 11u·s..· ..in- "'digital cak-uLtors"' 
(OIJ- IIH.,ll or: if they '"" eomphc.ite cl enough. "dijtitt'.! 
compukn ((be wol'd ''digJC mean, l,oth - a  numh1.•r 
o.od .. a 6n�1.·r or toe ... \\hich show .. IIO't\ pc.'Op1e on,,· 
u�..J fingers and toes to '-'Orie ,,ith numh<·r..) Babb.i�l.-, 
nuc.:hine w<t.� intended to he a digital com1 >uh'r. 

S0111e cakulatmg machine) don't deal with numbers, 
hu t with other thinJ,t'! that match numben or m· ":.mal· 
ogoo� .. to them. ·n"e> an.· '"anaJog ca.lcutrtors" (AN .. uh· 
k)K) or '"mmlo� com1>11tcrs" A slwk: rule rrtt".asun·s 
k."llgths alo111( ll,c ruler. and it is an analog cakubt_or 

�dvin's mt¥.:func: measured dK" di.stm1ce throuilh "11K'h 
gean turned and it was an analt)J.t cakulat� too. (The 
fiiture. """"''er, lay with digital d,-vices.) 

In addition to tht.· lll.Jnuf.tcture of impn:,ved parh. 
dectridty \\1l\ coming into use.• and ii t'Ould be m.1de 
to do some of tl1<.· work. 
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THE HOLLERITH TABULATOR 
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During the 1880s, an Amerk'an inventor. H<·rman 
Ho lleri th (HOL-uh-rith, (8(;(). 1 9-29), �icklcd tlu, prob ­
lem of th<· (..·t· 1-..sus. He mack use of punch cards as 
Ja«1 uard and B;tbbagc· did. Every card could be 
punched m.·<.,'on.liug to the data gathered in the census. 
Holes in particular pbc<.·:; could m�m that a perSOll wa.,:; 
male or femt1lc. in his sixties or in his forties. a fam1er 
or a f!l(."iory ,mrker, and man)' other thing.,:;. 

lo ord er to add up and an:,lyzc all this infonm1tion, 
the <..�tn:ls were phK..-ed on a stand and :\ metal device 
was pressed down against it .  Tiu:: device had many 
pin:;, whid� would be stopped by the c-.:trdlx>::trd. \Vhe,,. 
ever there ,1,.as i1 hole, how ever, �• pin ,,ould go through 
and reach a pool of mercury underneath. Electricity 
would pass through th.at pin and control the pointer on 
a parti<..'1tlar dial Peopl e didn'l have to coont or add. As 
the punch cards wen:: sent rapidly through the nm· 
chine, tx,'Oplc jlL'it recorded the numbers indi<,'{'tlt:<l on 
Liu; dials. 

111e 1890 <..'Cnsus was handk'<.1 h)' the Hollerith punch 
<."a.rd system. Even tl1ough the amoont of information 
gathered in the 1890 census wa.-. much greater than that 
of the 1880 census, the 1 890  census ,,�LS c...vmpletely ai1;;1· 

lyzed in only o n e -third the time of the earlier om�. 
For the first time, human beings '"-ere presented not 

wi th a m<.,d1anical calculating device. but ,u1 "'dee• 
tromcchanicaJ" one . 

In 1896. Hollerith founded �L company devoted to 
nmking :tll kinds of machines that could handle aod an.1· 
lyze io.fonnation. I le <:alled it the ''T:J.,ulating Machine 
Company . .. It gl'C\V and gn...""' and e,.•entually adopted 
the 11aine of ''lntemational Business �tachioes Corpora· 
tion:· Thi.s is now usoally known by its initials as 
"IB�t." 
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VANNEVAR BUSH'S DIFFERENTIAL ANALYZER 
(MIT-1930) 

Binary 
Numbers 

and Switches 

EVE!\' TH£ MOST successful cak·uktting machi 1 1es of the:: 
18CXJ, did not mate!, Babbage's dream. The ones that 
worked ,vere alJ designed to solve one kind or prohlclll. 
I lollcrith 's mAchinc l'Ould onl)' \I/Ork ,vith problems 
similar to the census. Kelvin's m.'lchinc t'Onld only work 
for tides. and so on. 

In 1876. however, Kelvin wrote tt paper showing that 
machines c(mkl lw programmed ror all kinds or prob� 
leins. He had revived Babbage's ide�1 of half a ccnh.1ry 
befo,�'-fhat of an all-purpose com1iu1er. 

Howeve1: people realized how l.uge and oomplic:Jtcd 
such n macflinf• ,vould have to be, so ,10 one tried to 
build o,1e for an.other half-centu1)'· The pc.: r$(>n wl10 finaJI>• tac::lded the job was an Amel"' 

lean engineer. Vannevar Bush (lb'90-1974� 
In 1925. he be-g:m to huild what he called a .• dillt'!rc1)· 

t.ial analyzer." It could be used to  solve any kind of 
problem that included <.'C11ain Cl.)mplicat<.-d malht:inat. 
ica.1 relationships called "differential equations.·• It took 
five ye;.u-s to buiild the 111�1chinc, and it prov(.,d to he: a 
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very La.l'ge device. It v.'ll� so large il had to be nm by 
ck..-ctric motors rather than by hand. (l11ere were no 
electric motors in 6ahbage's time, of course). 

Most of it was 111echanica], just as Bahbage's machine 
had been, thoogh, of course, the 111echanica] parts wen: 
far better made. Bush n..>ali7A..:.d, h(:lwever, that good as 
the p,.1.rts might be, the rnachfo.e wouldn't ,,urk well if it 
were entirely mechanical. He therefore made use of 
something n(.'w. 

Scie1\tists had learned how to force an electric cu� 
rent through a ·\IQ(.'1tum .. (VAK-yoo--um}-a :,-pace in 
whkh nothing existed. not even air. ·n\e current pass· 
ing throogh consisted of a stream of tiny electrica1ly 
charged particles called "electrons·· (ee-L£K-tronz). 
This electron stn.v.un <.'Ould be easily stopped and 
started. It could be mode to control the oc-tivily of parts 
of the macMnc just a.� Holerith's punch cards could. 

Bush made use of glass bulbs with vacuums inside 
and wi th metal dcvic.-es for starting and stopping the 
electron stream. In the United Stnh,.'S these are usually 
called "h1bcs." (11,ey are ofien called "radio tubes be· 
cause they wel'e most frequently oS(.-d in radios.) Bush 
put these h1bcs in certaill places where they could be 
used to stop and start an ele<.1:ric cum::nt, so lhat they 
a(:t(..-d as ··switches ... Because streams of electrons were 
involved. Bush's machine was partly " e lectronic." 

Bush's machine ·wiu the first ever to be bui1t and 
made to work that could l:x: programmed, that had a 
memory, and so 011. It was the first df!'tice that could be 

called a computer in the present ineaniog or the ,vord. 
Sidy years after his death, Babbage's dream had finally 
come tn1e. 

VACUUM TUBE 
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Once Bush's differential analyzer was completed in 

1 930, otl1cr scientists became very interested in the 

matter of solvi,1g problems by  macahines . In  doing so, 
they tried to apply mathemali<.-:1-I discoveries or the past 
to sud-1 machhles. 

For inslanc.'e, v.re make use of ten di.ffeJ'elll digits in 

writing numbers: 0, I, 2 ,  3, 4, 5 .  6 ,  7, 8, and 9 .  That is 
only because ,,-e happen to have ten 6ngers on our 
hands. It is possible to use other s ets of Jjgits to ex. 
press numbers. It is even possible to write aoy n umb er 
we wish b}' usillg onl y  tv,:o digits, 0 and 1 .  

Th e use of l\m digits WJS pointed out in 1 679 by 
Leibniz, who had been the flrSt to devise a machille to 
do moltiplicatforl. N11mbers built up out  of two digits, 0 
and l ,  arc ,,.lied "binary numbers" (BY-nuh-ree), frorn • 
Greek word meaning .. tv.u at a time." l t  is aJso c.-alled a 

.. l'\1;0-ba'Wd system," while our ordinary numb eJ's are 
written in a · ·teo-ba�(..-d system." 

Here's how binary numbers v.,)rk: 

0000=0 
0001 = l 
00 1 0  = 2 
001 1 • 3  

0100=4 
OIOI =5 
01 1 0•6 
01 1 1 =7 

1000=8 
1001  •9 
1 01 0= JO 
1 01 1  • l l  

1 1 00  • 1 2  
!IOI = 1 3  
1 1 1 0• 1 4  
1 1 1 1 = 1 5  

If you study ll,c numbers above, )'OIi will prooobly 
see  the system used to handle J's and O's. If you starlcd 
with five places, }'Ou oou)d go up to 31; with six places 

up to 63; and so on. If you use cnoogh places. you <.'ml 
use a se1i es of J's and O's to represent millions and bil­
lions of numbers. Each 1lumbcr wou)d have a partic.,1lar 

series. If you \verc given :my partkular se1 ies, you 
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<,·(mid figure out what nomb<:: r it is in the ordinary ten­
based system. 

Eveo if vou don 't :,.<,'C exactly how the binnr)' ouin• 
bers work: that iso't important 110,v. You just h:.1ve to 
un derslao<l that twu digits cao be u.sc.:d to write aoy 
number. 

lt didn'L occur to a nyone, at first. that binary 110111· 

be1 · s would be partjcularly importanl to calculating ma· 
d1ine.s. l L  seemed n:Uural to use wheels marked off 
with all ten digits .  as Pascal did. 

On<.-e tube:s beg.;'ln to be used in oompuh�rs, though. 
p eople ,vere ooutrolling electn:m streams, starting :md 
stopping them. Eve1y time a tube lets the strea1n pass, 
that can represent the digit ''l''; every tjrne it stops the 
stream, thaL can represent the digit ·•o". 

That means it i.s possible to represent 1mmbers by 
electron st-rea1ns going .. on·· and "'off.'' The stn.v.uns can 
go oo and olf much fa.,;ter than gears can 1nake wheels 
tum, ;;md the streams won't Jam or slip the W'.ly gears 
and wheels might. 1 11 that way, .t <fovice using tubes 
could do anylhiog that one using gears could do, and 
would be laster ,u1d more reliable .t.s well. 

Then, in 1854. an English mathematician nam ed 
C<.'<>rge Boole (18)5-1864) ""rked O\ll • way of deruing 
with ''logic . .. (Logic is  the name gi\'ell to the way pc:."<r 
plc rca.,;01l when they are trying to \\�rk <ml any kind of 
problem, eve n ooe that i s  not mathematical) Boole 
workc."<I out a w-ay of reprcseoting logical stat ements in 
symbols instead of io ordinary English words. He 
showc.- d  how to manipukttc the symbols so as to oome 

out with an ail:>'\�r. In a v.,ay, he made logic into a kind 
of mttthc m alics, and his systc:m was called .. symbolic 
logic." 
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In 1913, symbolic logic was improved a.11d hmught 
even doscr to m:1thematics by h\O English m:1thema­
ti<,ians, Al&ed North Whitehead (1861-1947) and 
Bertrand A. W. Rossell (1872-1970). 

[11 the 194.0s, an Arnerica.n mathematician, Claude 
Elwood Shannon (1916-) began to \\'Ork o u t  tt system 

whereby methods of turniog ck'(.'1:ron streams on and 
off would ,,ot onl)• represent numbers, but al so the 

symbols of symbolic logic. \Vhcn he finally got his 111). 

tions all \\Orked out by 1949, he called it "infonm1tion 
theory .. lx.'(.�1use it showed how to handle information of 
all kinds. 

11\is was the first important :1dvance beyond Bab­
bage's theories and sh<M'OO how mat'hines c.."Ou}d be de­
signed to solve any 1\011-matlicmatical problem th.at 
could be put into symbolic logic. 

\Vhilc Shannon \v.lS working on his themy, r>eoplc 

w-ere trying to build machines thal would calt'\1 late bv 

using on-off switches that represented binary oumhc::rS. 
The}' were doing so in Gennany, io the United States. 
and in Cre�1t 81itaiil. 

In Germany, an engineer named Konrad Zuse 
(f 200--zuh, 1910..), built a m:,chine usiog hinary num­
bers in 1936. It wos eventually called "Z-1." 1110 
swilchcs he used \vere "c lc(..1:romagnetic relays." Such a 

switch ca.11 be pulled shu t by a magnetic pull so that a 
current will run, or it £.'l:ln be allow-ed to open when the 

magnetism is stopped so that the c::u1TCnt is stopped, 
too. \Vhcn the magnet Is on it's a ' '!,'' when ifs off' 
it's a ''O." 

ln a ft'"' years, Zuse d(x.'1<.lcd that if he uS<'.X"I tubes 
instead of relays. the electron stream £.,:mid be handled 
more neatly and quickly than an electric cul1'ent 
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AIKEN'S MARK ONE (1943) 

through a wire. II would be better, he felt, to ha"c ck'<!­
tronic s,vitches th:m ordinary electrical ones. 

But then, in 1939. \',\,rid \�r II began. Germ•ny, 
un der the fuscist dictator Adolf Hitler (1889-1945), be­
gan to win victory after victo1y. Hitler was interested in 

ntw scientific advan<.'CS, hul only those that could be 
de"elope,."<1 quickly since he thoughl the war v.·cmld soon 

be \\Oil. He wasn't interested in computc:rs, so Zuse 

got no fin,mc;:ial support. 
Mt aowhile. in the United States an American math· 

ematician ;.-tt I larvar.d, HQ\l,·ard Hat1ta\vay Aiken (AY4 
ken, 1900-1973) was working aJo,,g the same lines, aJ. 
though he h:td no k·nowledge of what Zuse was doing. 
Aiken managed to get financial backing from l lollcrilh's 

old comp,.'lny, which w·as now IBM. so he was luckier 
than Zuse ill that w:ay. 
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COLOSSUS-DESIGNED TO BREAK CODES 

3-0 

\\/hen the United States entered the war in 1941, 
Aike n  joined the Navy. The American goven\ment, 
hO',\•ever, realized how ha.rd it "',as for a ship to solve the 
problem of aiming a hug e gun con-(.'<.-tly in order to hit 
aoother ship that might be a 1nile or more aw.ty. {Each 
ship is moving, and the direction and speed of the wind 
has an effect, and so on. By the time all the calculations 
were made in the ordinary v.ily ,  evcrythiog \V.LS 

dumgcd aod the c::tlcul:ttion.s \!,-Ould have to be made all 
over again.) Aikc;n ,,"aS given leave, thcrefi)re, to work 
on his device. He w�tSn 't neglected, as Zuse ,vas. 

Aiken, like Zusc, used electro1ml,btn(;tiC relays, but he 

did not eve11 try to use tolJ<:s. He felt that tllbes might 
be roster but they were also Less re�al.,Le. In 1 943, he 

had the machine, e"entually called · ·.1,1ark !," finishc'<I. 
l\foanwhi]e, Great Britain was a1so interested in 

working out a calculating devic.,c. Their reason for \\'l\nt· 
il\g to do so was to be able to y;ork out the <.'Omplicated 
Gennan C(ldes that were use<l for transmitting Sf..'(:l"Ct 

messag es .  lf machinc!S <.'Ould be devised that could try 
out c nOnr)ous 1mmbers of possibilities very quickly, un· 
til something was found that made sense. a <.'Ode could 
be broken . Cennany would then be sending mess::1gcs 
she thought \\o'erC sccret, \\�\ile Grent Britain \\.'Ould be 
able to read them at once, and b e prepared in advance 
for whatever Ccm1aoy was planning to do. 

Then, too, Creat Britain c;.,ould use its device to v.,:,rk 
out a code that could not be broken by Cennany males.� 
it hOO �-m equal!)' good ca1colating machine. 

Cujded mostly by a mathematician, Alan Mathiso1' 
Tming (191 2-19.'»), the British "vrkcd out a machine fur 
the purpose. It was called ''Colossus· ·  and it was in Of>· 
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eralt00 at the close cl 19-1.l. By the <'TKI of the w1u: l<·n 
such mac:hint's h.td been built. 

' 

Colos.•Htll "il.< d&rent from Z.I and \fork I in that it 
used h.1bes as w.itrf,t's. h,o thousancl of the,o. It was 
the �rst all�lectrooic calcuLdioe: device, hut 1t ""oli oulv 
mclul fur a specfal pu�brt:"3king codes. ·nit• Uril­
ish folt Cennany might not have beeo ck-katecl wet'{' 11 
not G)r Co�tL,, so it's a good thing that Hitlt'I' had 
ll(.."\'er bet:n lnlC'resled in supportin� i'.tL'<'. 

3! 

Tubes and 

THESE F.\Rl.\ M/\Cll"ES, tht•n, WC-rt" either genera.I 
purpose. but n<1t dt.•c.·tn:,mc; or electroni<:. bt1 t nOC gen­
t·ral pt1 rpose. \\.Rat '-'ii.\ needt-d was an nll-electronlC 
gc-,wrul-purpose devi(l{\ "omething that C.'oukl he· oon­
sklcred :111 "electronic oomputt·r-

ln 19-H, an American en19,ncer nt the UnhlJI'sity of 
Pennsyl,.ruu.1, john \Villiam �lauchly C\IA\\'CH-lee, 
1907-1960, decid,·d lo bwld such a m,1d1ine. In part­
nt"rship ";th a youn�N t•np;ineer, John �rx·r Eckert. 
Jr. (1919-). he go( 10 "°'k. 

Th<> ''"' knew nothmg of Cok,,.,us, whicl1 Llw Bribsh 
bad buih ii\ lht· ,trictest S<"<.-n«.1-. so tlw)' didn't l\.t\.t' 
1hat 10 go I)), bul they s,J<:Oeede<I "">''"'Y· \I "hen they 
fimdly <omplet,d 11 In 11»6, 11 had 18,000 tubes m it. 11 
did not use binary nurnben. thoogh, but on:lm.u')' ten· 
based ones. 

M•uchly .and Eckert <'llled It th,· ·Electronic Nunlt'I' 
ical Intcgralor and Calculator," 0< E:>:IAC, for short 

EN lAC WU.'! II� "orkl"s first elect-rouic comput« It 
""aS sh<Mrn to the public in 1946 and, cvt:n though the 

33 



ENIAC (1946) 
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,L.:.c of ten-based numbers slowed it down. it could do 
very oomp)icah'd arithmetic in a m�,.tion of a seoood. 

Al la.�t. the human being was definitely outcl::isst···d in 
arithmetic. A,,; late as 19-16. a skillfi1l perSon wi th an 
ah,'l<:u.s could solve prob}cm.s faster than people \1 ,;ing 
calcu1ators. ENIAC, howe\'el', could handle omnlx:rs a 
thousand or inol'e times as fa�t as a man at ;m ab:-c,'11S 
could. Once EN IAC \\�as progmmm<'d, it wa� only nec­
c:;sary to push a button. 

For the fir.st time, people were aware of what had 
lx,.'<.!'n a<:coinplished by :111 the people from �tS<..-::11 on­
ward. They began to talk about ''ek'(.-tTI)nic bra.ills." 

ENIAC was just barely all-putp05e. however. It 
could be progn1mrned aod switched from one kiod of 
t.·a)culation to another, but only wi th a gre-Jt deal of 
trouble. 

J3ut thco a Hung;.ui::rn-Amcricarl mathem,1tician, 
John von Neumann (KOY-maim. 1903-1957}, got the 
idea of storing the progr.1ms inside the compt�tcr's 
memory. ln that case, it would no longer ht! necessary 
to reprogram a computer with a lot of complicote,ti fid­
<lJiog e"ery time you wa!lted it to do somctl\iog tlC\\\ 

Yoo would just switch it &om one program to another ttt 
the touch of a button. 

Mauc�hly and Eckert ,1,.·ent on to build computers that 
,,•ere simpler and bc::Ltc::r than ENIAC. In 1951. thc.;y 
had UNIVAC ("Universal Automatic Computer'') which 
",as the first computer to he sold commercially. 

11lcre ''-ttS still ao import,mt problc.;m to be solved. 
11\e tubes were unreliable, just a.,; Aiken had insisted. 
TI1ey were matk! of glass and could bre:.-tk. Even if they 
dido't, they would g:rndu11lly grow leaky so that the vnc­
oum inside would be spoi1ed. For that n!ason , t uhes 
were ahvays breaking dvwu and having to be repl�ced. 
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UNIVAC (1951) 

Then, loo, tubes w-ere rather large . ·111cre had to be 

enoogh vac..'1.mm inside to keep the stream of cl(!d:rions 
from flowfog unless they were for<.-ed to do so. If you 
h,1d tens of thousands of large t\lbes, the computer 
ended up hei1,g ury large. 

Another problem wa.� that in order to fon...-c tlu.� elc::c. 
trons to Row, the devices inside the tubes had to be 
heated to extremdy high  temperatures. That took ai lot 
of cru- rgy, aod when you ht1d many, ,naoy tubes. tB1ey 
had to be sp:lCCd far apart in order not to heat t .. a0h 
otl1cr so much that the entire <..1)mputer broke down. 
That me-.i.nt th4.: c..'Omputer had to be larger still, and all 
Liu� energy that had to be \i.scd made the computer 
ve,y e:\1)ensive, too. What's tnol'e, it took time for the 
tulx;:,, to gro..,1 hot and that s10\\'f...-d tJ1i11g.,; up .  

There didn't seem to he anythhl. g you could do ahout 
all of this, a n d  it might have seemccl to some that co m ­
puters \\Ould forever be huge and expensive and would 
always lM: pretty unreliable . 

In 1948. however, an Engllsh•American  scicntb.t, 
\\lillia m  Bradford Shockley (1910-i along with two 
American ro-workers, \.Valtc::r Houser Brattain (1902-) 
and John Bardeen (1908-i discovered a s-uhslitute for 
the tube. 

Certain solid materials-fur instance, .. si)il't)n" (SIL­
ih - kon� a common substan,:e that ca1\ be obtained from 
any rocky material--could be set up in such a \va)' that 
electrons could drift through them. These "solid-state 

devices·· t·0\1ld he used t o  control the drifting cl1,.'<;trons 
Ill just the same way �t h1be c,:ru1 <.-ontrol a stream of 
electrons. A solid -state devic:e that could do everytl1ing 
a tube could do came to be calk·d a ··transistor"' (tran­
SIS-ter). 
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HOW A TRANSISTOR WORKS 

lhe transi:,ior had many advantages over the tube. It 
\YaS solid and stu rdy so that it would neither break nor 
leak. It did not involve a siz.ahle amount of vacuum, so 
that a transistor could be much smaller than a tube aud 
still do its work. It didn't taJ..c any heat to start a t.ran• 
sistor working, so that it used up al most oo <�nergy and 
it started immediately. 

Of <.'Ourse, when transistors , .. -ere first cfoveloped, 
they were pretty unreliable, because Slientist,; didn't 

knO\v how to dcs�'TI them so that tl1cy ·would work wdl. 
TI1cy soon learned to make them work better and more 

reliably. �ve,..-cr, while also finding wuys to make them 
srnaUer and cheaper. 

-�-

TWO TRANSISTORS ON A SILICON CHIP 

·n1e hwe1Hioo of the transistor ,vus the great turning 
point in the hi.story of the oornputer. As loog as �e1-e 
wt.:re only gears and \Vheels. computers couldn t be 
built at all. Once there , .. -ere clectricaJ relays and eJec. 
tronic tulx-s, <.-ornputers could be built, but they had to 
be fearfully large and expensive. 

\Vith trnnsistors. it became possible to make them 
smaller and cheaper. ln fact, once c;.,omputers came 
to be ''tr.tnsistori:1.cd," they also came to be 
· ·  inioiaturized:' 
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MICROCHIP ENLARGED 
FIVE TIMES 

Chips and 

AT FIJ\S'l: MINIA'f"URJZATION only went so far. Com­
puters we1-e still m;;1dc as they were before, except that 
every time it would have been n,;ccssary to put in a 
tube. a tra1,sistor \.V.LS pot in instead. and that was much 
smaller. \Vhat's r.nore, transistor:s C:.'Ould be crowded 
much 1nore closely together tha.o could tubes. 

111:.1t resohc,: d in a consider,1blc miniaturization, but 
transistors \veren 't all tl1Crf! was to a computc:: r. Each 
transistor had to he oonnected to marw other parts. 
111e trru:1sistol' plu.s the other parts made up :1 .. l'ircuit," 
a pass,-.gt.'\\'9.Y through which the dcctric CUl'l'ent tn1v­
ded. The transistCJrs W\:rC the s,vitches th:1t tumt::d the 
current on and oil but they wercn ·, the entire circuit 
by an>' me.ans. 

For thi'i n:ason. although c.'Omputers got smaller. they 
wen.� still held up by the size of the cin.:uits, and lhis 
kept them froll) getting smaller still. 

l\ut lheo, in th,c 1960s • .scit:nti�ts began to lt.-.tm l10w 
to mini..th .. 11izc the whole circuit. 

111cy stai·ted w;ith small, thin s<11t.an� of pure .silfoon, 
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POCKET CALCULATOR 
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and then 11dd.;..J tiny traces of cf:rt:ain other substanl.-es 
to it. TI1e surface t•()ltld be carved into tiny parts. each 
of whkh h(�lutved Like a dil:Tcrent 1x1.rt of 3 dn;uit. ·n1e 
dilferent parts ,vould be coone<..-1c<l with tiny strips of 
metal so thnl a,, · ·integrntf...-d circuit'" was t'Chk·�::d--an 
entire circuit on :;. .single ''chip" of siliooo. 

Little by little, scientists: lc:-amed ho,v to make the 
chi[>S smaller so that the .. microchip" came into being .  
And they 11,,,,amed how to squeeze more und more cir­
(.'1tits on them. until they were forc.."Cd to manufact\1n; 
such devte(:s u1'1der a microsc: :ope. 

Ev en tually, they c..x,u)d make cornputers very smnll 
indeed and yet have them capable of doing far morn 
than ENlAC could possibly have done, and f.ff more 
quickly, too .  And of course. they cost much les.,;;. 

For a few dollars. you can now bl•}' pocket calc\1h1tor.s 
th.at can :add, suhtract. multiply, d_ivide �md do ,nany 
other lhiogs in split-�'COnds and thal take almost no 
energy to n.m. 

1 have one such 1,ocket calculator with specia) · · pho­
toelectric <.-ells.. built into it, cells which form tiny 
amounts of electricity when expos...-d to light. • Enough 
electricity is ft,)rmed if the pocket calculator is put un­
der the light of �m ordioary de.sk lamp to keep ii run­
ning. 1t never has to be plugged in an)"\�u;re, 11or does 
it ewr have to have hattery rep1ucc�ments. 

I also have an e lt'(.'in>oic computer that is sc..u·c ely 
any lar�er ;;iml that can be programmed to do tasks far 
more ea.�ily, and do them far better- and faster than all 
or ENIAC 00\1ld h.ave done forty years agot even 



though ENIAC filll'c:I a large room ancl took a vast 
amount of energy to run. whil<· my own oompoter fits 
into m)' joc.J.:et pocket 

10 summarize-
In the 1950s, the Amf!rit,-.:m goverr1mcnt st.u"ted us-ing 

computers to do the necessar)' culculations that would 
l:cep track of tax collections, deal with the very compli­
cated ,,urk oo unclear weapom, and help us in the 

SJ)IK.'e raee with the S<wicts. It took wl1ole goven1111cnts 
to be able to affi)n:1 computers. 

In the 1 960s. large industries began to use t'Om­
puters, which were now small er, cheaper, ;ind better. 
They used them to k<.--c: p track of tlw ir acoouots, of what 
they sold and bought. and of all their t'Omplicated 
bookkeeping. 

In the 1 970s, t'Omputers wcre even smaller, cheaper. 
und better: The>' worked their wtty into every office. 
Bank.s k ept track of each deposit. ead1 ch eck. ead1 

,vithdra,1,,al. Other hus-inesses ust.--d them to organize 
their payrolJs. 

Now, in the 1980:s, computers are stiJI .smaller, 
chl'nper and hctter than hcfore and are beginniog to 
come into every hom(•. Therefore, \\'e now speak of the 
-home oompulcr

.'

' 
Computer games are the most popular form of home 

computer rigl1t DO\\� fo those game.�. tin)' objects ap ·  
pear on a television screen. following compJjcat<.'<I ma. 
neuvers that are guided by the prograrnmin,g of the 

computer: A person pk1.ying the vid<.'O w;i.me can t'Ontrol 
the motion of certain objf:t'ts by adjusting a lever, or 
.similar form of controlling device. The player tries to 
outmaneuver tf1e computl'r program, to destroy " en­
emy ships" for ios-tance. before he is hi mself destroyed. 

COMPUTER GAME PLUGGED INTO TV SET 
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Most of the: video games take on the appearance of 
v.-:u or violent adve-,Hun · because that is exciting, but it 
is ahio possible to play n--.ore iotdlectual gam es. A home 

l'()mputer c-an be programmed lo play chess, a.nd �· 
huma.o player can then try to heat the computer. Some 

chess programs are so good that computers using them 

can beat all but very good human playerS. l1-ie time 

ntay soon oome whe,1 the v.orld chess champion is ;1 
compul<'r! 

Home computers can also do work 1'11is book. lor 

instance. is now being written 011 a word processo1: 
111e words I type appear on a television screen. Aller 

I have typed a page, I can stop to lo()k �·t it. a.od retype 
some words or whole paragraphs. I can eliminate a 
word here and there, or a whole sentence or para­
graph, hy pushing certain keys on the board. I can add 
a \\.Qrd here and there, or a whole: sentence or p�1ra­
graph, by poshing other keys. I can swi tch the order of 
paragr.1phs, renumber pages, searcl1 out parti<.'t1 lar 

words all through a manuscript. highlight :my \\Ords 

that are miss1X!Ued. 
In other v.ords, I can "'edi t .. the manuscript right on 

the screen b)' givin,g the word processor the proper in• 
sfructions. 

\iVlmtever I do leaves no marks. \Vhen I am finished, 
the mai1us<..'lipt 011 the television screen looks fresh and 
dean. 

I can then (if I ";sh) have all the (X<ges I have written 
printed automatically on paper just as though they wel'e 
being typewritten, ex(-cpt that the type\.vriting is done 

four times as fast as I can possibly type. \i\lhat's more, it 
takes place without any t:Jrors, pn)\rided that I have not 
carelessly left any errors on the television screen .  
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The programmmtt k>r such an opt>r.Uion is on a th1n 

pb.,tic cliliC that lool� likl· a sma.JJ phono.',tr.iph record 
that " flexible and caJ1 bend. ft is usu.alh called a 

.. floppy da\(:.- AIJ the Y.t>rd) on t.he �crccn 3J\." l'N'01-d,'CJ 
on the Dopp) di"·· One t:L my flo1>P> discs will l,olcl 125 
t)'J)t"\"ritten 1x,gc·,. Of' bur bookll tlw su.t.· of this one·. 

If I don·t \\."ant lo t.1ke the trouble, 10 h.ave my mau­
uKT£1>t prl11kd out, I c-1111 send the floppy discs tlk:m­
sehc..-� to the publisher and, 1f ht- has Llw <'<1u1pment. 
he can h.1\\' 1t appear on hu te�\ bion scrttn .md do 

further edJtmic Or l1e can h:l,\• It printed in book Cclr1n 
din:ct.ly. 

Someda) soon, C'\1:n home ma) bt· <'1>m,l"Cted to n"-
1:nol<· c.-0111pu ters th.rt contain manv kinds of dJ, -to-da,· 
ini>nnaeio11. 

# • 

It will tht•n be possible, by punching the pnlp(·r di­
rections into a lt·ybo:.mJ in )'Our Jivin� room. to find 0111 
wlmt tbe wwthcr is J,tOinr,i: to be likt· t01f)()ffl)\v., or what 
tht• I.urn news ht\idline.s an::, or llO'ov th<.- ,tock market 
is domg. or what lite h'1S('b..lll soores are. or wli.at the 
ba,�.m, tOr thf' day are at 1hc• supem1ark<:1 or <k'J)Qrl­
ment slOl\•, 1.1.nd so on. 

In fact, all th<• infurmation m all the librart(";) 1n tht· 
",:,rid rmght be pl.K.1•d mto rompu t1•ri., )I() that by a.,k­
in1,t the right qoestion"i \OU am get any m�nnation \'OU 

need )(>u could get hsh of books on .tn)' '.IUbJ<.oets. \ou 
coukl am.mg,, to ba"e the pa.gt·� of aD)' partk:ul.,r book 
displayed. You couJd have the <.'Omputcr sho"' )l>U a,1 y 
paragraphs In llw book that cle-.J wilh a particular sub­
ject. You could ha\t' o.ny material prl111c-d out that you 
ml�ht want to keep for a while. 

\Vlwn this happens, a computer becomes a "teaching 
machine_" Aoyvne, wbetht=r a cl11kl or a gJ1)\Y1M1p, can 

• 

begirl to educate h1m�·lf or herself� asking the rom­
put,�r the right quesbous, and learning what is dis� 
pb)cd by it. 

ThinklnJt (X all this, \\'(' mwt ask oorst..·h,"i whether 
the time w1U t•vt:r co1ne wh<·n computers bt'<.,>tne 
"'smartc.-r"' th.1.1l human bcmg,,. Will tlM."") someday he 
nble to do anythlnt:t a human being mn do. tmd more. 
too� \\ill they actualli n•place human l1<•lng.,? 

Perh.1ps not. 
11w human brain is madt· up cl about 10,000.<Xn.OOO 

"'neurons" (,�\()() ... ronzi or "n<•f\c cells.··eart. <:I "hich 
i,; t.'(mnecled "1th m:•ny others. 

No comput(•r hns tl\ilt man)' (.'()tn(lOnents as yet. and 
t'\'MI &fit bad. the nt"un)f, is not just a sy,.itch, the "'aY a 
traiisutor is; or a simple p:itlnva), as a circuit i'I. Each 
neuron i� ir1..de up of' many billions of t'Omplicatt.rd mol­
ecules. so dMt e\'en a singk- twuron is more compli• 
cat(.,J than all)" <.'Omputc::r '"� ha\'(' )rt'I built. 

·nwre are wmo things ,-computer can already do far 
lk:ltc•r than tl,e hum.an bmin can. F.,t·n HolJerith's 

punch-card machine, a hundn-d years a,to. t,mld do 
certain ari thmetical ta\kS for more quick))' than human 
brains could, .uxl Y..ith far It'"' c.-h.li� of em>r. 

110\ve,-er, hum.m hnl.ins posse�'! such things as iotul­
tkm, insaght. im�i nution. bnta.'l)'• and creatnity, which 
computers don't )'et IW\'t". \\'hat's mort>, '''-' don't know 
bOY.• to program computer, h>r such thiojt'S ht."C:m'lc� we 
doo't undt:r�tand the "'�)' in which ,,-e our'l(·lw!i pos­
sess and mak<• use of such talt·nb 

For ex.ample. wht.:.'n I write a stOr)', I write:: as las1 as I 
cnu and put ont• wnrd after :m()tlu�r in just the right 
ordn u1,til I am finbhrd 

But how can I tell a compukr to do it!' E,<t•n if I pul 
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a whole dictionary of words into its rncrnory, how can I 
tell it whlll "urd to put llrst, and what seoond, and 
what third? How can I (:xphtin to it how to ch()l).Sf.: the 

order of \\.'Ords so that it cal\ write a brnnd-new story, 
just the \\.':t)' I do it, "''hen I don't know how J do it? 

Perhaps some:: dny. we wiU leam hov., to program a 
computer to do this, but it '"ill very likely be such �1 

complicated program and so eoormous a task that there 
wouJd be no sense in trying to design a computer of 
tluU sort. Human beings could do it so much more 
easily themselves. 

Instead we \\�II end up havillg t-w'O vnrieties of intel• 
ligen�: cornpoter aJld human. Each will do the tasks it 

is fK:st at, aJld the two wilJ cooperate. ln cooperatioll 
they will be able to do fur more than either type of 
illteU.igence would be able to do alone. 

Think of whnt kind or fi,ture we might have; what 
wonderful tasks C.'Omputers and human l.>Cings might ac• 
complish in cooperatiol\. 

'l11e day might <.'Orne when human beings will look 
back ·will\ hon'Or to the days bdOre they had computers 
as mends and hclpe ,� in the task of soh,ng the prob­
lems or the universe. 

And i.( by then, <.'Omputers cao think well enough, 
they "ill be thankful, too, tliat human beil\� t'..xist to 
do tl1e marvellous g\lessing and imagining that the)' 

themselves c.tannot do. · 
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