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Legends 1 
and 

Automatons 
\VHEN WE THINK of a robot, we usually picture 
something that's made of metal and that looks a bit 
like a human being. \Ve also think of it as acting 
something like a human being, too. In short, we 
think of robots as mechanical men or women. 

True robot.,; of this kind do not yet exist, but they 
seem to be on the way .  Sirnplc rol>ots that are not 
human in appearance already exist. 

The word .. robot" was c::oi1lcd about a half cen
tury ago, but human beings were already dream
ing of  robots Lhousirnds of years before whco they 
were making little human figures out of clay. 
S0mcti1ncs thC}' would paint pictures of humfl.n 
beings on cave waJls or carve statues of them out of 
wood or stone. This may have been done for a 
number of rea!>Orts: religious, artistic or, perhaps, 
just for the fun of it. 

lt rnay have O<.'C:urred to some people that if they 
could make .a human figure lifelike enough, it 
might >1ch1ally come to life or be brought to life 
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Pygmalion and Galatea 
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somehow. Thus, a1tificial life would be created. 
In fact, some people thooght that this was the 

way in which human beings first came to be. 
Perhaps they were molded 011t of clay by • god 
with superhuman power who could breathe life 
into them. One of the Creek myths tells of a god, 
Prometheus (proh-MEE-thyoos), who fashioned 
human figures out of clay and then brought 1hc,n 
to life. 

fo Homer's epic poem the Iliad, written about 
800 s.c.1 there is a tale about Hephaistos (hee
FEISSE-tos), the Creek god of fire. He is de
scribed as having: fashioned young women out of 
gold. These golden \vomen, who could move, 
speak and think, helped hi,n in his work. That's 
the earliest tale we know of today that would be 
considered a story about robots. 

Hephaistos is supposed to have also fashioned a 
moving bronze figure for the king of Crete (an i s 
land south of Greece). This figure, named Talos 
(TA Y-los), constantly circled the shores of' t.hc i s 
land and protected it from invaders. It was a useful 
robot indeed. 

l n  one romantic Creek myth, P>1gma1ion (pig
MAY-lee-on) was a sculptor who shaped 1he stalue 
of a beautiful womao. He thought the statue was so 
beautiful that he fell in love with it and prayed to 
Aphrodite (AF-roh-DY-tcc), the Greek goddess of 
love, to bring tJ,e statue to life. Aphrodite obliged 
him. The statue became a living woman, Pygrna� 
lion married her. and they lived happily ever after. 

Legends about creatif'1g human life, usual1y by 
the use of some kind of magic, c.-ontinued for cen -
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turies. One case hwolvcd Rabbi Loew, who lived 
in Prague, Czechoslovakia, in the 1500s. He made 
a hulking statue out of clay and '"·ith certain reli
gious symb-Ols gave it life. The statue was call ed a 
''Golem.'" It was e,,orrnously strong and was sup 
posed to p rotect the Jews of Prague, but its 
strength made it so dangerous the Rabbi had to 
dCSlTOy i t .  

All these legends about producing life through 
magical or superhuman means are just lln,1gined, 
of  course. Could there be any way, though, of pro
ducing artificial humar1 beings by working with 
natural methods, and by using science? 

Actually, clever engiT)ccrs were trying to create 
machines that did human like things automatically, 
just by making use of natural methods. This was 
many centuries before modern science was devel
oped. 

For instance, about A.D. 50 there lived in A l 
exandria, Egypt. an engineer named Hero. He 
worked out ways of moving things by the power of 
steaITI, compressed air, or jets of water. These d e 
vices would make thiilgs move apparently auto
m(,tically. Any such device is sometimes cal1ed an 
"automaton" (aw-TOi\•f.uh•ton, from Greek words 
meaning "acting by itself"). 

Hero arranged a device that would deliver a 
squirt of water if you put a coin in a slot. By using 
other inventions, he could make doors open, or 
statues move, without his having to touch them. 

Hero's devices were amusing aJ1d admired, but 
they were rca1ly very crude and only the simplest 
people who watched would think for a moment 
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that there was any life in them. 
The cleverest and f'nost useful mechanical d e 

vice worked out in ancient times was an ;\uLOffH\lic 
dock. 

Such a clock was invented in AlexandriA by 
Ctesil>ius (teh-S16-ee-us), \Vho lived about 250 
B.c. It consisted of water dripping into a container 
at a steady rate. As the water got higher and higher, 
it raised a lightweight object tha.t floated oo top. To 
the object was attached �l pointer that indicated a 
line of 1,mnbcrs marked on the outside of the 
water container. By reading the number, you 
coulcl tell the hour. 

Such a .. water-clock .. had to be made quite 
co1nplicated in order to work rca�onably welJ, but 
this was managed. For many centuries) the}' were 
the best clocks ;rnyone could find, and they 
showed what could be done by natural means 
only. 

Of cou,·se, the use of water was inconveoieot. II 
evupornted, was messy. could be spilled. and a 
new supply might he hArd to get in a hurry. 

In the Middle Ages. therefore) a waterless m e 
chanical clock was iovented. Instead of water, 
weights) which were pulled dow1w.,ard by gravity, 
forced a wheel to turn little by little. The wheel 
had gears that caught for a while before letting go, 
so that it moved very slowly and made A "ticktock'' 
noise as it caught and let go, caught and let go. As 
the wheel turned. a pointer attached to it also 
tumed and marked off the hours. 

Without water, these mechanical clocks needed 
hardly any care, except for the wif,di ng Ul> of the 
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weights to the top once in a while. The worst trou 
ble with these weight-clocks was that they weren·t 

very accurate. They were no worse than the w a 
ter-clocks, but neither could be relied on to tell 
time to better than the nearest quarter of an hour or 
so. 

Gravity clock, Pendulum ctock, Watchspring ctock 

Then, in 1656, a Dutch scientist, Christian 
Huygens (HOY-genz, 1629-1695), worked out a 
way of using a pendulum in a clock. A pendulum 

can be made to swing back and forth in a ve1y 
stct1dy rhythm. \Vith each swing, it would al low 
the wheels and gears i,, the clock to ,nove by a 
fixed amount. As a result, the hands of the clock 
were inade to go around the dial very steadHy. 

Once the "pendulum clock" was invented. it 
was po.ssible to tell the time to the nearest minute • 
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even to a few seconds. From 1656 on, science 
began to advance much more rapidly than before 

because scientists had clocks that were accurate 
enough to use in scientific measurements. 

Small clocks ("watches") were made that were 

powered by :,prings rather than by weights and 
pendulums. 

As clocks and watches were made more aod 
more complicated and accurate, there came to be 
specialists who learned how to work with the 

wheels aod g ears and levers and other little de
vices use d  in clocks. They became expert 1,, 
" I k ' - .. c oc won::. 

If clockwork could rnake clocks go automatic.slly 
and keep good time, couldn't clockwork be a r 
ranged differently in order to make machines go 
through other kinds of automatic rnolioo:,, once 
you wound up the spring that powered it? Instead 
of attaching the clockwork to a pointer that went 
rOl11ld and round a dial, could it he attached to a 
doll in such a way as to make its hand go up ar\d 
down? 

It could be. From 1670 onward, it bec:ame quite 
fashionable for skilled workmen to devise clock· 
work automatons of one kind or another. Louis 
XIV, the King of France, had toy soldiers that 
could march along hy themselves made for his so,,. 
An Tndinn ruler, who was fighting the British at the 

time, had a si x -foot mechanical tiger c.'Onstructed, 
with clockwork inside so arranged as to make it 
jump at a toy British soldier. 

The most famous autornato1l •maker was Jacques 
de Vaucanson (voh-kan-SONE, 1709-1782), who 
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Piene Jacquet Droz's 18th oentury automaton 
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built a mechanical duck in 17,38. It was made of 
copper, it <1uacked, bathed, draok water, stretched 
out its r1eck to htkc grain and swallow it, and so on. 
Vaucanson intended to make money out of it tmd 
he did. He put it on show for three years, charging 
admission, and then sold it to somco1,c who con
tinued 10 exhibit it a.11 over Europe. De Vaucanson 
also constructed a mechanical ma11d0Jir1-player 
that tapped its foot as it strummed. 

In 1774, Pierre Jaquet Droz (zhah-kay-DROZE), 
constnu.:tcd a writing automaton. It was in the 
shape of a boy holding a pen. The boy would dip 
the pen in an inkwelJ and write a letter. This a u 
tomaton still exists today io a Swiss ,nuscurn. 

However impressive these automatons were, 
they remained toys. They \\.'Crc a little rnore ad
van<.:ed but were on the same level as Hero·s 
machines of sixteen centuries before. The in1toma
ton� could only do the same thing over and over 
again. Just as the hrrnds of a clock can only go 
round and round the dial as the clockwork moves, 
so  the letter-writing boy cao only go through the 
same motions over and over and write the same 
letter in exactly the same way. 

Nevertheless, the automatons fired the imagina
tion. They helped give rise to thoughts about arti· 
ficial life that might be something more than mere 
clockwork. And as lor1g as people keep thinking 
about a subject, there continues to be an urge to do 
something about it.  
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Science 

Fiction 

IN 1771, THE Ttalian scientist Luigi Galvani 
(gahl-V A l l -nee, 1737-1798) made a startling dis
covery. He was wor�ing with muscles he had 
taken &om frogs' legs, and in his laboratory he also 
had an eleclric device that scientists were fre
quently experimenting with in those days. \Vhen 
the device was used, i t  could produce electric 
sparks. 

As it happened, such a spark touched the frog 
muscles and those m,,sclcs twitched just as though 
they were alive. In fact, when the electric machine 
was going, Galvani could 1nake the muscles twitch 
just by touching them with a piece of metal. His 
report created a sensation and it was discussed all 
over Eu.rope. 

Electricity was still something quite new to sci
ence and at once people hegan to wonder if it 
might not be the secret of life. (Actually, we now 
kr1ow that tiny electric currents move along nerves 
and set muscles to contracting, but there's a lot 
more to life than just that.) 
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ln J 816, the two great English poets George 
Gordon Noel Byron ( 1788-1824) and Percy Bys
she Shelley (1792-1822) were living in Switz 
crlaod. 'With them one evening were Byron's doc 
tor aod Shelley's nineteen-year-old friend Mary 
\Vollstonecraft (1797-1851), who married him 
later that year. They talked about scientific a d 
vances such as Galvani's and then decided that 
they would all write stories about strange and un
usual things. 

Byron and Shelley didn't come through, and the 
doctor \Vrote a story that was not of much a<:<..'Ount. 
Mary Shelley, however, published a book in 1818, 
when she was still only twenty-one, that arose out 
of this conversation, and it proved to be an enor
mous success. In fact, it has continued to be a su<..'
cess to this very day. The book was named Frank
ensteirl. 

Mary Shelley made use of the new feeling that 
science was on the verge of solving the riddle o f  
life. She had her scientist-hero, Victor Franken· 
stein, put life into a dead body. (She doesn't d e 
scribe how this is done.) The body was h1.rgc, \11"1· 

gainly nnd ugly, and it is referred to only as "the 
Monster." 

The book's subtitle is The New Prometheus, so 
Frankenstein is compared to the Creek god who 
created human bci11gs. However, Prometheus 
cared for his creations and underwent great hard· 
ship for them. Frankenstein, on the other hand, 
was horrified by the �·lonster and abandoned him. 
The Monster, who could find no kindness at the 
hands of anyone, finally despaired and took n 
bloody revenge on Frankenstein and all his family. 
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Frankenstein's monster 
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Scene from the play RUA 
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This is no happy story like that of Pygmalion and 
the statue that was brought to life for him. Frank
enstei11 told its readers that the creation of artificial 
life was a dangerous thing. 

Frankenstein is considered by some people to 
be the first true scienc:e fiction story. Its plot was 
not likely to come true at tlic ti1ne it was written 
but depended upon new scientific discoveries to 
,nake it so. This is exactly wh,1.1 makes a story sci
ence fiction. 

For i.l. hundred }'ears afterward, science fiction 
stories continue-cl to he written, and once in a 
while, artificial life was included, hut none was as 
memorable as the Monster. 

Then, finally, in l920, a Czechoslovakian writer, 
Karel Capek (Ct-L>.-pek, 1 8 90 -1938), wrote• play 
called R. U .  R. It was produced on the stage the 
next year. 

Tt was a science fiction play. An Englishman 
named Rossum has built a factory in which he 
manufactures automatons. These look exactly like 
human heings and they are designed to do the 
work of the world and to free human beings from 
the curse of labor. 

It doesn't work out that way. Just as the CoJem 
and the �·fonster bt>came dangerous, so it was with 
these automatons. They developed emotions, 
didn·t foci they should be enslaved, and wiped out 
humanity. Finally, Rossum, still alive, sent off two 
of the automatons, a man and a woman, to st.a.rt a 
new race and begin Lhiogs all over. 

"Rossum" seems to be derived from the Czech 
word .. rozum,'' mcariing "reason" or ''inteJli. 
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gence." The ii1ith\ls R U. R . .tre the name of Rot-
sum's factory and stand for "Rossuin's Universal 
Robots." The word robol (ROH-bot) is from a 
Czech word for an involunbtry worker, that is, for a 
slave. Rossum':, robots are "universal" hecnu,c 
they are desi,gned to do nil th(' work humans do. 

Because of this play. the word "robot" came to 

ll'1can an artificia1 human heing. It replaced "au
tomaton·· com1)lctely. Robot is now used for the 
purpose in almost every languag('. 

As science continued to advance, scic·1u..-e fk-tion 
grew more and more popular. Tn 1926, Ama:2:.l11g 
Stories was introduced. It was the first magazine 
to he devoted exclusively to science fiction, but 
others followed soon enough. Dozen, of' writers 
began t� write for the new magazines, and hun
dreds of science fiction stories came to be pub
lished each year. 

A number of these stories involved robots, but 
the influence of Mary Shelley and Karel Capek 
was strong. In al most every science fiction story, 
the robot1.; proved dangemu.s, and even murder
ous. 

In 1939, a young science fiction writer named 
Isaac Asimov* (AZ..ih-rnov, 1 9 20 - ), then on]y 
nineteen years old, decided to write a robot story 
of another kind. He wrote one in which a robot 
was simply a machine, designed to do a specific 

job (although a very human one-it was a nurse
maid). \\'hat"s rnore, it was constructed with h uih 
in safeguards, so it couldn't do any hann. 

Following: that, he wrote a series of' such stories 
wilh lhe encoUJragement of John \V.  Campbell ,  Jr., 
"l'e• 1'1te author a( thu hool 
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editor of Astouodi11g Science Fiction, the maga
zine in which the stories appeared. This new type 
of mhot story proved very popular, and helped 
make Asimov's reputation. 

The huilt-i11 safc:g:uarc..ls that Asimov invented 
were called "The Three Laws of Robotics." Si11cc 
they ar<' now quoted in almost a11 books that deaJ 
with robots, 1 wi11 quote thern here. 

1. A robot may not injure a human being or, 
thmugh inaction, allow a h111na11 being to come to 

harm. 

2. A robot mu�t obey the orders given it by 
human beings except where such orders would 
t'onOi<:t with the First Law. 

3 .  A robot must prolt:ct ib own existence as long 
as such protection does not co,1nict wilh the First 
or Seco11d Law. 

These laws were fin,I quoted in an Asimov story 
entitled "Rul);.lrOundi" which was published in 

1942. As it happened, th.,t was the first time that 
the word ''robotics" was ever used in print. The 

word is now u�ccl hy ('veryone to stand for the study 
of robots) for their design, con.:;truction, maint < · 
nance, and repair. 

Th(• Three Laws were th<' first �erious attempl 
to cancel out what Asimov cal1ed ··the Fnmken
stein complcx"-the fear that robots would tum 
murderously 011 human beings. To a greut extent, 
this worked. Asimov's roboL ,tories made the older 
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C3PO and R202-from the movie Star wan 
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kind seem oot-of�late, and the better science f ie �  
tion writers stopped writing them. 

Incrca�ingly, robots were pictured as hannless, 
useful-even lovable. Thus, in the motion picture 
Star \Vars the two robots, C,3PO ancl R202, all but 
stole the show. 

Science fiction, of c..'Ourse, cannot produce any 
thing by itself. Not all the robot stories in  the 
world can bring a robot into existence. or even 
make one possible. Science fiction might he 
viewed as just a new kind of legcnd and rnyth, one 
based on nature and science, rather than on magic 
and the supernatural. 

There is this difference, though. Lege1lds ,rnd 
nl)1ths that involve magic and the supernatural 
aren't likely ever to cotlle true. Legends and m)'ths 
thut involve n.lhue and science just might. In fact, 
the legends and myths we cal I science fiction 
sometimes inspire scientists and engineers to 
work toward some of the advances described in 
the �tories. 

In 1950, for instance, 1linc of Asimov's robot 
stories were put together and published as a book 
called I, Rol>ot. This was widely read ,rnd proved 
surprisingly influentia1. 

01le of Lhc early readers was a Cohunbia Uni 
versity undergraduate, Joseph F .  Engelherger 
(1925- ). He was sufllcicntly inspired by the 
book to make up his mind to devote his life to the 
development of robots, and that had very impor
tant result�. as I shaJI explain in the next chapter. 

Al most everyone active in robotics today has 
read and was influenced by I, Robot. Not long ago, 
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Asimov met an Israeli rohoticist who said lw had 
been influenced by the book. which he had read in 
Hebrew translation. 

Asimov himself is only a wrilcr. He is not in· 
terestcd il'I working on robots, only in making up 
stories about them. He is. however, completely 
satisfied (nnd a little surprised) with his p<1rt in 
their history. 
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Industrial 
Robots 

and 
Computers 

HOWEVEU MUCH SCIENCE fiction writers might 
dream, real robots cao't he built as long as simple 
clockwork is all we have with which to run thc-rn. 
Such clockwork can only make robots do one 
routine thir1g over and over again. 

T n order to have a useful robot. there must he 
some way IO give it complicated i1hln1ctions. 
These instructions should be C:.\!,y to change fmm 
time to time !,O that a robot can do on<' thing now 
and ;mother thing later. 

Still. clockwork (,'CHI be made more complicated. 
In 1822, an English mathematician, Charles 

Bahhag(' (8A8-ij, 1792-1871) hegao, to imagine a 
kind of c1ockwork machine made up of gear!, and 
lever"i a.od other parts; one that would be so com· 
plicated it could he givc-n instructions that would 
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elwhle it to solve any kind of arithmetic
_ 

problem 
A.nd print out the am,,\ver .  He dreamed of �n enor 
mous kind of c,tlculating machine; soJllethmg that 

' ... today we could call a ·  computer .  
He dreamed of a <..'Omput<:r that would s tore 

nu1nbers, :so that it would have 11 memory. He 
drea1l'lt"d of on<: that could bt' instni<.·INl to do any 
kind of problem. with in:stmction:s that could bt· 
chang<.·d at any time. But nou(' of it ci:1.me true for 
him. 

Balobage's machine didn' t  work for �e�·er:.tl �a
sons. First, Bahbagt' was a v('ry ex.Id and unpahent 
man. 11 e kept getting newer and betkr idea.:. a11 
the Lime, and he wanted nothing hut the be:sl 
,nachinc possibk·. Then,"'fore, h(' would tear dO\�'n 
hi-. rl!lachiuc and b<'gin to build ;.1. higgN one m
stead. Finall y he had no ,none)' lefi with whkh to 
�w. 

. . Besi<k�. eve11 if he could h ::i.ve finished h1� 
machine it prob,tbly wouldn't h,wt.."' worked. Tht> 
gears, levers, and other parts would h;wt..• had t� fit 
togt"ther vetiJ well. or the}' would be brt..·akmg 
down and goiug out of order i,11 the tinlc. In Bah ·  
bag1�·s time. all tho�e part:s couldn't he m;.t�e so 
a<.-cu ratel)' as to fit together do:sdy eno\lgh. 1 ht.·I\, 
too, the ,vholc machine wo\lld havt.' been so heavy 
that cr�rnking it in ort.lt..-r to m�lke it work wol.ll<l 
havt..� been difficult indeed. 

Babbage's machine was therefore forgotten for a 
hi.mclred y<.·ars. . . Just 1he sam(', as tlmc- went on, s,mple adding 
machines were built. If somt>OOe pushed tht· 
propt>r button:-. for the nmnbers. ;.1ncl pulkd a 
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lever, an answer wou1d be cranked out. The prob 
lems solved would he of the simplest kind. Such 
adding ,nachincs are nothing like tht> (.'Omplicated 
kind of computer of which Babbage dreamed. 

Theo electricity came into use. A current of elec 
tricity is much more easily handled than dock· 
work. An clcclric current Clll) be allowed to pass, or 
forced to stop, very quickly and easily. 1 fit passed, 
it (.'()old set up a rnagr1ctie field 1hat could be made 
to close nnd open switches. It could do what 
clockwork did, but much more quickly a.nd surely. 

l o  the 1880s, the American invc,Hor Herman 
Hollerith (HOL-uh-rith, 1860-1929) worked out a 
way of' handling all the sl'atistics g<1therecl by the 

United States census. He used still cards i,,10 
which A number of holes cO\lld be punched. The 

position of each hole stood for sonw kind or stati,
tic. Electricity could pa.s through the holes but 
not through the card inateriAI itsclC Tlw wt1y in 
which electricity pa'ised through {according to the 
pattern of the position of th(' hol('i,) ,nanaged to 
gather data, automatk;.tlly, and to solve problems. 

Hollerith worked out improvc·m<·nts and in 

1896, he founded The Tabulating �lachine Com• 
pany. It grew large and, eventtutlly. changed its 
name to International Business �lachines Corpo
ration or IBM. IB�f is now the htrgcst computer 
finn in the world. 

Even elec:trkity isn' t fo.sL ('nOl.lgh for robots. The 

electric cun-ents couldn't be handled quickly ancl 
easily enough by �lopping and st.1rting them with 
cards ,md switches. 

If an electric current is forced through a vacuum, 
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HoUef1th's punch card 

however, it comes through as a sircam of tiny par
ticles called "electrons" (ee-LEK-h·onz). In 1904, a 
British engineer, John Ambrose Flerning (1849-
1945), forced a stream of electrons through an 
evacuated glass container ilnd showed how that 
stream could be controlled much more delicately, 
quickly, and easil)1 than an ordinary electric cur
rent. 

Such a container is called a "tube" in the United 
States. and it was the first ··electronic device." 
Such tubes were rapidly hnproved and came to he 
manufactured in all sorts of varieties. Because they 
were used in  radio sets to begin with, they were 
often called "radio tubes." 

Could calculating machines be built that made 
use of such tubes to c..'Ontrol el ectricity? An Ameri
can engineer, Vannevar R<1sh (1890-1974) thought 
so. 

He got the idea for the same sort of c,ilculating 
device that Babbage had dreamed or; and in 1925, 
he built one. Bush's suc<.-ess came about because 
the technique for making the parts that made up 
the machine had progressed greatly since Bab
bage's machine .  Besides, the machine was nm by 
electricity, not by h,md. 

Bush's machine had a memory. Jt could also be 
given complicated instn1ctions (that is, it could be 

programmed); the program could he changed at 
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any time. It was the firsl working computer. 

Even so, Bush's machine was still mostly clock• 
work. ln 1946, lwo American engineers, John 
William Mauchly (MA\VCH-lcc, 1907-1980) and 
John Prespcr Eckart, Jr., (1919- ), completed a 
computer in which 1he electric cunent was <..'On
h·olled entirely by h1bes. They called ii the Elec
tronic Numerical Integrator and Calcul ator. For 
sh011, this is ENIAC �nd it was the worlcrs first 
"electronic computer." ENIAC could solve com
plicated problems a thousand times as fas1 as 
human l>eiogs could with any other kind of cal
culating device then knovJn. 

Such computers were rapid I>• improved. Various 
prob,rr,.unscould be stored inside the computer mem
ory, for instance. That meant you didn't have 
to go through a lot of fiddl ing every time you 

wan ted to change a progr"'rn. You just pushed one 
pattern or another and the machine s,vitched 
quickly &om one program to another. 

In 1951, Mauchly and Eckal't huilt A1\ impro,,ecl 
electronic c:..'Omputer called UNIVAC (Universal 
Automatic Computer). Tl was the firsl computer 10 
be sold commercialJy. 

It was abo ut this time th1H young Joseph F. En
gel berger became interested in robots. Robots 
were no longer just dreams. No,,• that elec1ronic 
c..'Omputers existed, robots could have the neces
sary progranlrning. 

In fact, in 1954, the American engineer George 
C. Devol, Jr., got the first patent ever for a compu 
ter-programmed robot. He call ed his system ··uni• 
versa! automation;· or "unif'nation/' for short. 
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In 1956, Engelberger happened to meet Devol 
at a cocktail paity and they got together to found 
Unimatio1,, I oc .  Devol would do robot designs and 
Engclberger would handle the business end. 

There WAS no Q\1estion at first of building robots 
that looked like human beings and that could do 

all the things Asimov's robots could. They had to 

start simply-to build not mechanical people, but 
simply mechanical arms. If these anns could be 

ir)Structe<l to make ceJ'tAin complicated sets of m o 
tions, they could be set up on factory assembly 
lines. 

On such as:,embly line�. so,.-ic device moves 
along past a Jine of workers. Each worker in line 

does one particular job, such as add a part, fit it, 
1>0lish it, or bolt it. By the time the device reaches 
the end of the assembly line, it i:, complete. Each 
worker does one job and if each robot an11 <:an be 

instructed to do that job, the robot will do it in
stead. The robot could do it more accurately, with
out ever getting tired, bored. h,ingry, or sleepy. 
The worker could 00 freed to work at some job that 
was more interesting than doing the same thing 
over and over. 

Such a robot is called an "industrial robot," be
cause it is used in industry, and it was for this type 
that Engelberger and Devol aimcd at first .  

The robots developed b y  Unimatior), Inc. 
worked, but they couldn ·1 be sold because they 
were too eA'Pe1lSive. Computers were good, but 
they were so large and bulky. and required so 
much energy, that nobody couOd afford to buy 
robots that were guided by 1hcrn-nor would they 
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Mlcro chip m99nitied 

have enough space for them. 
.Engelbcrgcr had faith, however, that computers 

would grow smaller and cheaper, and they did. 
ln 1948, the "transistor" was developed. This 

consisted of a small piece of solid matter made of 
meta.ls s1.1ch as germanium (ier-MAY-ncc-um) or 
silicon (SIL-ih-kon). Certain other substances 
were added and then the transistor would do the 

same work as a vacuum tube. The transistor was a 

·'solid-state" device. 
A vacuum tube is  quite large and is made of 

glass which can break. It contains a vacuum into 

which air can leak. The wires inside the tube must 
be heated and that takes time and a great deal of 
energy. Transistors are small, unbreakable, u1l· 

leakable, and take no time and hardly any energy 
to do their work .  

At first, transistors were hard to make, expen
sive, and unreliable. Howe'\• er, scientists soon 
leamcd how to improve their methods of manufac-
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ture. Transistors grew even smaller and cheap
er-and steadily better. 

In the J960s. <mgineers were substituting tran
sistors for tubes in computers, so that co,nputers 
at once became smaller and cheaper. Scientists 
learned how to economize on space for the con• 
ncctions. or .. circuits," bctwcc,1 the 1.ra1)sistors. 
too. They started with small, thin squares of silicon 
(a "chip"), and carved the surface into tiny parts 
each of which behaved like a different part of a 
circuit. 

All this could be made so small that by the 
1970s. people were talking about "microchips." 
The equivalent of ENIAC could be carved onto a 
single chip. Computer.; c.-ould be made so small 
that they would cost only a few dollars and could 
fit into a person's jacket pocket or a small purse, 
and yet be faster and more powerful than early 
computers that filled entire rooms. 

At Unimation, Inc., they couldn·t make use of 
computers tlwt small. but the o nes they did have 
to use were small enough, cheap enough, and 
good enough to make the pri<.-e reasonable. In 
1975, Unimation, Inc, finally started selling 
enough robots to make a profit. Each year, thereaf
ter, they sold more and more a1)d more. so Lhal 
now EngeJberger is  many times a millionaire. 

Other fim1s began to put out industrial robo1-s. 
bot Unimation, Inc. remains the most impo1tant of 
these. It produces about 01)e third of all the indus
trial robots in use. 

There arc now many thousfuuls of industrial 
robots in use in the world and the 1)umber is 
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increasing rapidly each year. �'lore than half or 
these robots arc in Japan, which is anxious to be
come even more robotized. The United States is 
being more cautious and although it is here· that 
robots have been developed, this nation is only in 
second place ii) its use of them. 
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Industrial Robot that does loading and unloading 
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4 Robots 

to Come 

INDUSTRlAL I\ODOTS ARE only the beginning. 
They are like the very first airplanes or auto
mobiles. If you ever saw pictures of the early 
stages of those inventions, you would sec they 
don't co,nparc to what we have now. They were 
smalJ, flimsy, clumsy, And slow. It would be hard 
to look at the fin;t plane and imagine a huge airJin. 
er carrying a hundred people across the Atlantic 
Ocean at laster than the speed of sound. 

In the same way, the industrial robot of today 
won't be able to compare to the devices that will 
be available in ye,1rs to come. 

The most important thing would be to make 
such robots look and act 1nore and more like 
huma,-. beings. 

You might wonder why it is important for a robot 
to be human in appearance. If it can do its job by 
just being a computerized ann, why bother stick
ing all the other parts on it? 

The answer to that is thot aJI the things human 
bciogs make are designed for the convenience of 
human beings. Our houses. our fumiture. and our 
tools are designed to fit the human body. They 
must adjust to the way the human body bends and 
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t1.1nls irnd stretches; everything must fit our hands 
and suit the way we wolk. 

If a rohot can fit everything that fits us, and move 
and bend and stretch and twist as we do. it will 
adjust to the world we have already created. \.Ve 
won't have to adjust the world to it. 

For instfl.nce, industrial robot,;: are bulky. They 
might weigh up to 1500 pounds, tCrl times as much 
as a person does. �aturally, they take up more 
room than a person does. Generally, thC)' htwe 
large, bulky "hands" that are very strong and can 
do heavy work, but those hands arc a little eh.unsy 
for fine work with small parts. 

Unimation, Inc., has therefore developed in
dustrial robots that are as small as men, or even 
smaller. They have some that weigh only 90 
pounds, computer included, and can do delicate 
work like changing light bulbs. 

Then, too, robots usually have fingers that are 
more like stubby claws, strong but not delic:ate. 
They arc nothing at al I Ii ke the human hand, with 
its five long fingers thitt have two or three joint.s 
cAch and can move independently. 

It would be nice to develop u robotic hand that 
was stronger than a human hand, hut just as deli
cate and maneuvemble. That is not an easy thing 
to do. 

Again, robots tend to be motionless. If they 
move, they glide along on wheels, which is  some
thing human beings (or any other living thing, for 
that matter) can't do. 'Wheels have their advao• 
tages, for they move smoothly arid without using 
much e1lergy, but they only work well on smooth 
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Industrial Robot doing a job in bowling ball factory 
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The Viking Sdience Test Lander on Mars 
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surfaces. \Vh,11 ifit becomes necessary for robots to 
climb over obstructions or to make their way over 

broken ground? In that case, they should be able 

to walk. 
Dcvk.<>es have heen built with six legs, each of 

which car) be maneuvered independently. The 

device, when waJ king, lifts three legs, the middle 

one on one side and the two back ones on the 

other. That leaves it standing on three legs, so that 
it doesn't tip in any direction. Then it puts dowr) 
the first set of three legs and lifts the otl,cr se t, and 
it is still rock steady. 

The trouble is that six legs is the number that 
insects have, and the walking device looks exactly 
like a large bug. People rnay rir)d this unpleasant 
and be more attracted to a walking device with two 
legs, if one can be worked out that doesn't fall 
down when it tries to walk. 

\Vhat about a robot with human senses? 
For instance, if a robot must tighten a nut, it has 

to be given dear instructioos as to how many times 

to turn the nut so that it will be tight. A different 

111,1l and bolt would re<Jtiirc different instructi oo�. 
It would be convc11icnt if a robot had some way 

of feeling the resistance when a not grew tight. Jn 
that case, it wm1ld require no speciaJ instructions. 
\Yhatever nut it tightened, it wooJcl stop when it 
c-ould tell by feel tl,at the nut was tight enough. 
In the same way, it could teJ1 by feel when it was 
holding a heavy object tightly enough to lift it 
without having it slip out of its grasp- but not 
tightly eno ugh to dent or break it .  

Just as importa,lt, or more so, would be to 
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Robot butter 
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develop a way to have a robot see. It could then 
tell, jusl by looking, when a nut was defective, or 
when it wasn't seated squarely. The nut would 
thc1) be discarded or reseated. 

It would be convenient to have it hear as well. 
for some things that go wrong can be detected 
through the sense of hearing. \Vhat' s more, if it 
could hear, it could respond, perhaps, to a spoken 
t.'Ommand. Programming could be changed at a 
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word. The rnbot might even be equipped to make 
sounds of its own and to answer a human being in 
a useful way. 

Surely. if we <.-ould carry on a convenmtion with 
a robot, it would instantly seem more intelligent 
and cornpanionable to u�. 

AJI these things probably can he done eventu
ally, and therefore will be done. In fact, robots 
might even he equipped \\1ith senses we don't 
have. They might be made able to detect and re
spond to electric and 11n;1gnetic f ields. which we 
don't do, or to sound and light of types we can't 
detect. 

Then, too, why only factories for robots? Even
tually, they will be everywhere. 

In geneml, ihve consider any computeri1.cd tool 
a kind of robot. we find them elsewhere already. 

Sp.art<s, robot dog from 1939 World's Fair 
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The Space Shuttle is tho,·oughly computerized 
and wouldn't run without that. Many space satel� 
lites and probes are now (..'Orl"lputerized, and we 
may look fonvard to robotic devices helping to 
mine the moon and build stroctures in space. 

Even aotomobiles are bcif1g computerized and 
are therefore bec..'Orning robots in a smal1 wa}'· 

Also there are now i1l eX'istenc.-e "show robots," 
which may be becoming big business in the 
United States. They are usually small and simple. 
They look a bit human because they generally 
have heads, torso and am1s (though they don't 
have to). They move about freely on wheels, and 
they can even speak a little in many cases. 

So far, these are amusing toys, and it m:ay be 
they will be bought a., such. Certainly, they will be 
one way of familiarizing people with robot..1, and 
making us feel more comfortable with them. 

One successful show robot was built because a 
young man named Fred H:aber was inspired by I. 
Robot. \Viti> the help of others, he built a three
foot robot with a round head; arms that have 

shoulder. elbow, and wrist joints, toge ther with a 

hand and simple, movable fingers. It has stubby 
legs thttt arc on wheels so that it can move in any 
direction. It does nothing by itself, but ls remotely 
conb·olled, so it is not a true robot. Its voice is the 
radio-transmitted voice of its op erator. 

Fred Haber has displayed the device a t  t.'Orwcn 
tions and other such fu nct1ons with great success. 
He calls the device "Isac,'' in honor of Asi,nov, 
and the two, Isac and Isaac, have had their picture 

taken together .  
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Isaac meets Isac 
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The real future may be with the "home robot," 
however. This would he a true robot, at ]east 
vaguely humanoid in shape. that could act as a 
butler or maid. It could take coat� from visitors, 
announce their names and hand out drinks; or it 
could vacuum the rugs, move beds and fumiture 
on request, and so on. 

Englcbcrgcr is attempting to perfect a true 
home robot of this sort. He has a preliminary de
vice in operation already and he calls it "Isaac." 
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Robots 
and People 

ONE OF THE reasons why the United States is  
hesitating abo .. 1 going r.,11 speed ahead with 
industrial robots is probably the fear of un
employment. As more a.nd more robots arc put irHo 
factories, what happen$ to the men and women 
who used to have the jobs? 

Of course we can argue the matter this way
Until the 1970s, there were many jobs that only 

human beings could do. Animals weren·t smart 
enough. Machines weren't <..'Omplicated enough. 

Some of these jobs that on]y human beings can 
do are dangerous. V/ori.ing in mines. or on build
iog construction, or wirt:h dangerous chemicaJs or 
explosives, or under difficult weather condi 
tions-all are jobs that it would be better for 
human beings not to have to do. 

Besides. some jobs, even though they require 
human brains, don't require too many. Many 
people have to spend day after day doing simple 
things Jikc filing cards, or typing routine letters. or 
tightening bolts. or c-arrying something from here 
to there. No a.nirnaJ or rnachine might be able to do 
it, but people who must do it don't really get to use 
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their brains very rnoch. If muscles aren't used 
m uch, they get flabby, and that's tn,e of the brain, 
too. 

The kind of jobs many people do- the same 

simple thing all tl,e time- can be terribly boring 
and depressing. Eventually, people who do such 
things find they have led dull lives that never gave 
them a chance to think properly and expand their 
minds. 

Now we have devised robots t}1at are much more 
complicated than any other machines we have 
ever had. They are complic,11cd enough to do jobs 
that until now only human beings could do, but 
that are too simple for the marvelous brains we all 
have. The robots, even though they are smarter 
than other machines, are still only capable of very 
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simple tasks- the kiiu! of tasks human beings 
ought not to waste their lime doing. 

In that <.11.SC, why not let the robots do it? Why 
shouldn't human beings do other and better 
things? 

After all, whenever there is an impo11ant new 
invention� sOme jobs are lost. \\1hen the au· 
tomobile came into use, there was a gradual. but 
stead}', loss of jobs that involved horses. There 
were fewer stables, fewer manufacturers of bug
gies and wagons, fewer whips, fewer spurs. On the 
other hand, think of the jobs the automobile 
created. Think of all the garages that came into 
being, all the auto mechanics needed, all the tire 
rnaru1facturing. highway building, oil-well dril• 
ling. Automobiles created h,,11ulreds of times as 
rna1)y jobs as they destroyed. 

Tht1t's the way it will be wilh robots, too. Lots of 
assembly-line jobs will vanish, but think of all the 

jobs needed to design robots, manufacture their 
parts, put them together, install them, and keep 
them in good repair. There will be rnany tirncs as 
many jobs coming into being as are destroyed. The 

jobs that are destroyed will be very du 11 ones any
way, so dull that even a robot can do them. The 
jobs that will be created wilJ be hiteresting ones 
that will stretch the mind. 

Of course, there is a catch. \Ve can't just tell a 
perso1) who has been working on an assembly line 

for twenty-five years to stop and take a job design
ing ·robots instead. It takes a special kind of educa• 
tion to be able to work with robots, and the assern
bly-1 ine worker won·t have it. 
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Computerized robots building cars 

If we are going to have a large changeover in 
types of jo!bs, there will have to be a careful pro
gram of retraining and reeducation for people with 
old-style jobs. It will have to be done even if they 
take rather simple new-style ones. That will be 
cx:p(msive and hard, but it will have to be done. 

There are also sure to he people who are too old, 
or too beaten clown by the dull job they had to do 
all their lives, to be able to take ndvantage of re
training. Some sort of jobs will have to be found 
that they can do. 

Eventually, of course, thinRS will be differcnL 
Children gohig to schools i,l the future will be 
educated in ways of using and understanding 
co1nputcrs and robots. They wi1l grow up and be 
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able to take the new jobs. and no one will ever 
consider the old jobs or want them. Everyone will 
be glad to leave the dull jobs and the dangerous 
jobs to robots. 

Still, there will be a .. transition period," a time 
between the present, when so many people are 
still in the oldjohs, and the future, whe1\ everyone 
will be in the new jobs. The American people and, 
perhaps, the whole world, will have to be patient 
and intelligent so that we ca .. n get through the tran 
sition period with as little trouble and unhappi ·  
ness as possible. 

There is another problem that may fa<..-e us. 
Robots aren't going to stay in the sa.me place. 

Computers wilJ get more and more complicated, 
and robots will have more and more abilit.ies, ar1d 
be able to do better and better jobs. 

Man running automated factOfY 
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Are there any jobs tJ,at robots won't some day 
take? \Vhat if human beings are drivct1 out of job 
after job, and robot� take them all? \Viii robots take 

over, as they did in the play R. U. R.? 
Actually, that doesn't seem likely. 
Just because robots do things that till now only 

hurnan beings have been able to do doest1't mean 
that robots are inteJJigent in the same way we are. 
They just work automatically under the direction 
of compl1ters that we have programmed. 

For instance, computers are very good at solving 
mathematical problems .  They can solve them 
much faster than we can. and they can do it with· 
out making errors. That' s because we know alJ the 
rules of arithmetic. They happen to be simple and 
we can describe those rules in the programming so 
that the computer knows what to do. Through 
those rules the computer can instruct the robot 
how far to turn. how far to bend. how many times 
to do something, and so on. 

But that's the very sort of thing that human be
ings are not very good at. Human beings can do 

arithmetic, they know the n..iles but that sort of 
thing, if done for very long, quickly gets boring 
and the human brain gets tired. \Ve begin to make 

more and more mistakes. 
The human brain, however. is very good in 

other directio,,s. It has imagination. It can suppose 
and wonder .  It can make intelligent guesses. Most 
of all, it is "creative." It can think up new and 
sometimes startling ways of doir)g or understand 
ing things. Computers and robots can't do any of 
these things. And as long as they can't, they are a 
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long way from being intelligent in the same way 
we are, and tJ,ey're not Jikcly to "take over." 

\Ve ca.n't even program computers and robots to 
be imaginative a,1d creative. since we ourselves 
don·t know how we do it. 

For instance, I write books- a  lot of them. Be
cause 1 write many books, 1 write them quickJy. I 
Jeam about a subject and thet1 try to ex.plain i t .  l try 
to be clear .  I h")' to tell things in the right order. 
And it works. Even whon I do it quickly, I write 
exactly the way I feel I ought to. 

How do I do it? How do I decide what to say 
first, what to say next? 

I honestly don't know. It's just something I can 
do, and have been able to do all my adult life. 

Can I program a computer so that it will write 
my book for me- so that it will choose the right 
words and phrases-and then have a robot type 

them all down• No, I can't, because I don't know 
what the rules I folJow are, so J don't know how to 

program the computer .  
Probably alJ human beings, if they arc given a 

proper education flnd aren't spoiled by being set to 

work at lifelong dull jobs that turn their brains 
Oabby, will have some ability or other they can't 
ex.plain, and that no computer or robot will be able 
to imitate. 

Still, suppose that as computers and robots get 
more complicated, they develop abilities that 
make it possible for them to think for themselves. 
·what if they develop imagination without our in· 
stnicting them, just as the rcbcts in R. U. R. de· 
veloped emotion? 
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Even then, it is not likely they'll be very good at 
it at first, and it won ·t be worth all the compUc..1tion 
of cotnp"Utcr structure that would be required. 

Look at it the other way around. Every once irl a 
while a h1..1ma11 being is born who is a "mathe· 
matical marvel." He can multiply huge numbers 
in his head very quickly and solve complicated 
problems. Sometimes he can do it without even 
knowhig how. Even a person who is not born with 
this ability can train himself into doing it preuy 
well if he spends a lot of time and practice at it. 

But why bother? \Vhat good is it' Even the best 
mathc,natical rnarvel isn't as good as a fairly sim
ple computer. AJJ the ttairling in the world will 
make no human being better than a computer in 
doing mathernatical problems. 

And t)H;1 other way around-with the human 
brain so easily capable of so much in the way of 
imagination and creativity, why should computers 
compete in that way? 

It woiald be much better if human beings con· 
tinued to make computers and robots better at 
what machines can do most easily by giving them 
abilities and programming to help that along. 

Meanwhile, we human beings should improve 

ourselves at what we do best through proper edu· 
cation and through a deeper understanding of how 
our brain works. \\le should try to make more and 
more people imaginative and creative. 

In this way, we may end up with two kinds of 
intelligence on earth, two entirely different kinds. 
There will be the computer/robot intelligenc.-e and 
the human intc11igence. Each one will work in a 
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Robot arms reach out to receive cargo In space 

different way and each will cooperate with the 

other. 
Together the two intelligences will be able to do 

,n uch more than either could alone, so that some· 
day human beings will wonder how they ever got 
along without robots. 
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