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Legends
and
Automatons

WHEN WE THINK of a robot, we usually picture
something that's made of mesal and that loeks a Lit
like a human being. We also think of it as acting
something like a human being. too. In shoit, we
think of robots as mechanical men or women.

True robats of this kind do not yet exist.but they
seem to be on the way. Simple robots thut are not
human in appearance already exist.

The woad “rebot’” was coined about a half cen-
tury ago. but human beings were already dream-
ing o f robots thousands ofyears belore when they
were making little human figures out of clay.
Semctitncs they would paint pictures of human
beings on cave walls or carve statues of them out of
wood or stone. This may have heen done for a
number of reaseons: religious, artistic or, perhaps,
just for the fim of it.

1t ruay have eccuired to some people that if they
could make a human figure lifelike enough, it
might actually come to lifc or be brought to life
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Pygmalion aird Galatea

somehow Thus, aitificial life would be created.

In fact, some peoplc thought that this was the
way in which human beings first came to be.
Perhaps they wcre molded eut of clay by a god
with superhuman power who could breathe life
into them. @ne of the Greck myths tells of a god.
Promcthcns (prohMEE-thyoos), who fashioned
human figures out of clay and then brought them
to life.

tn Homer's epic poem the {liud, writ:en about
800 B.C.. there is a tale about Hephaistos (hee-
FEISSE-tos), the Greek god of tirc. He is de-
scribed as having kashioncd young women out of
gold. These golden women, who could move,
speak and think, helpcd hinm in his work. That’s
the earlicst wale 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 Crcte (an is
land south ef Greece). This figuie, named Talos
(TAY-los). conseantly circled the shores of the is
land and protected it tcom invaders 1t was a useful
robot indeed.

In one romantic Greek myth, Pygmalion (pig-
MAY-:lee-on) was a sculptor who shaped the staluc
of a beautiful woman. He thought the statue was so
beautiful that he fell in love witli it and piayed to
Aphrodite (AF-roh-DY-tce). the Greek goddess of
love, to bring the statue #o lile. Aphrodite obliged
him. The statue became a living woman, Pygma-
lion manied her, and they lived happily ever after

legends about crcating human life, usually by
the use of some kind of magic, :ontinued for cen
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turies. One case involved Rabbi Loew, whe lived
in Prague, Czechoslovakia, in the 1500s He made
a hulking statuc out of clay and with certain reli-
gious symbels gave it lile. The statue was called a
“Golem.” It was cnormously strong and was sup
posed to protect the Jews of Prague, but its
stength made it so dangerous the Rabbi had to
dcsirey it

All these legends about producing life through
magical or superhuman means are just isnagined,
of course. Could there be any way, though, of pro-
ducing artificial human beings by working with
natural methods, and by using scicnce?

Actually, clever engincers were krying to create
machines that did humanlike things automatically.
just by making use of natural methods. This was
many centurivs before modern science was devel-
opcd.

For instance, about A.D. 30 there lived in A}
exandria, Egvpt. an engineer named Hero. He
worked out ways of moving things by the power of
stearn, compressed air, or jets of water. These de
vices would make things move apparcntly auto-
matically. Any such device is sometimes called an
“automaton” (aw-T@Mluh-ton, from Greek words
meauing ‘“‘acting by itself”).

Hero arranged a device that would deliver a
squirt of water if vou 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 werc amusing and admired, bit
they were rcally very crude and enly the simplest
people who watched would think fur a moment
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that there was any life in them.

The cleverest and most useful mechanical de
vice worked out in ancient times was an automwaiic
clock.

Such a clock was invented in Alexandria by
Ctesibius (tch-S1B-ec-us), who lived about 250
B.C. It consisted of water dripping into a containcr
at a steady rate. As the water got higher and higher,
it raised a lightweight ohject that floated on top. To
the obiject was at:ached « pointer that indicated a
linc of numbers marked on the outside of the
water container. By reading the number, you
couldl tell the hour

Such a “‘water-clock’ had to be made quite
comnplicated in order to work reasonably welli, but
this was managed. For many centuries, they were
the best clocks anyone could f.nd, and they
showed what could be done by natural means
only.

@f course. the use of water was inconvenient It
evaporited, was messy. could be spilled. and a
new supply might be hard to get in a hurry.

In the Middle Ages. therefore, a waterless me
chanical clock was invented. Instead of water,
weights, which were pulled dowaward by gravity,
forced a wheel to turn little by little. The wheel
had gears that caught for a while before letting go.
0 that it moved ve1v slowly and made a *‘ticktock”
noise as it caught and let go, caught and let go. As
thc wheel turued, a pointer attached to it also
tumed and marked off the hours.

Without watcr, these mechanical clocks needed
hardly any care. except for the winding u)» of the

15



weights to the top once in a while. The werst trou-
ble with these wcight-clocks was that they weren't
very accurate. They were ne worse than the wa
ter-clecks, but neither could be relied on to tell
time te better than the nearest quarter ot an hour or
59

Gravity clock, Pendulum clock. Walchspiing clock

Then, in 1656, a Dutch scientist. Christian
Huygens (H®Y-genz, 1629-1695), worked out a
way of using a pendulum in a cleck. A pendulum
¢an be made te swing back and foith in a verv
steady rhythm. With each swing, it would allow
the whecls and gears io the clock to imove by a
fixed nmount. As a result, the hands of the clock
were 1made to go around the dial very steadily.

Once thc “pendulum cleck’” was invented. it
was pessibie to tell the timc te the neurest minute,
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even to a few seconds. From 1656 en, science
began te advancc much mere rapidly than before
bLecause scientists had clocks that were accurate
enough to use in scientific measurements

Small clocks (“watches™) were made that were
powered by springs rather than by weights and
pendulums,

As clocks and watches were made more and
more cemplicated and nccurate, there came to be
specialists who learned how to work with the
wheels und gears and levers and other little de-
vices used in clocks. They became expert ;o
“clockwork.”

If cleckwerk could rmake clocks go automaticully
and keep good time, ceuldn’t clockwork be ar
ranged differently in order ® make machines go
through othcr kinds of automatic wnotions. ence
you weund up the spring that pewered it? Instead
of attaching the clockwork # a pointcr that went
reund and round a diul, could it he atbched to a
doll in such a way as te make i hand go up and
down?

It could be. From 1670 onward, itbecame quite
fashionable for skilled workmen te devise clock-
werk automatens of ene kind er anothcr Leuis
XIV. the King of France, had tey seldiers that
ceuld march along hy themselves made for his son.
An Indian ruler, who was fighting the British atthe
time, had a »i xloot mechanical tiger «sunstructed,
with cleckwork inside so arranged as to makc it
jump at a tey British soldicr

The mest famous automaton-maker was Jacques
de Vaucansen (vohkan-SONE, 17¢8-1782), who
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Piaare JacqQuet Dvoz's 18th cer tury automaton

built a mechanical duck in 1738, It was made of
cnpper, it (quacked. bathed. drank water stretched
out its ticck to teke grain and swullow it, and so on.
Vaucanson intended to make money out of it ad
he did. He put it on show for three years, charging
admission. and then sold it to somconc who con-
tinucd 10 cxhibit itull over Europe. De Vaucanson
also constructed a mechanical mandelin-player
that tapped its foot as it stummed.

In 1774, Pieire Jaquet Droz (zhah-kay-DROZE),
constructed a writing wutomaton. It was in the
shape of a boy holding a pen. The boy would dip
th¢ pen in an inkwell and write a letter This aw
somaton still exists today in a Swiss snuscuin.

However impressive these automatons were,
they remained toys. They wcrc a little tmore ad-
vanced but were on the same level as Hero's
machines of sixtecn centurics belore. ‘The sutoma
tons could only do the same thing over and over
again. Just as the hands of a clock can only go
round and round the dial as the clockwork moves,
so the letterwriting boy ¢an only go through the
same motions over and over and write the sam¢
letter in exactly the same way.

Nevertheless, the wutomatouns fired the imagina
tion. They hclped give risc to thoughts ubout arti-
ficial life that might be something more than mere
clockwork. And as long as people keep thinking
about a subject. there continues to be an urge to do
somcthing about it

12



Science
Fiction

IN 1771, THE [talian scientist Luigi Galvani
(gahl-VAl Enee, 1737-1798) made a star ling dis-
coverv He was werking with muscles he had
taken from fogs’ legs, and in his laboratory he also
had an electric device that scientists were lre-
quently experimenting with in those days. When
the device was used, it could produce electric
sparks.

As it happencd, such a spark touched the freg
muscles and those masscles twitched just as though
they were alive. In fact. when the eleclric machine
was going, Galvani could inake the muscles twitch
just by tonching them with a piece of metai. Hiy
repor : created a sensation and it was discussed all
over Europe.

Electricity was sti]] semething quite new to sci-
ence and at once people hegan to wonder if it
might not be the secrct of life. (Actually, we now
know that tiny electric currents move along nerves
and set musclcs to contracting, but there's a lot
more to life than just that.)

21



in 1816, the two great English poets George
Gordon Noel Byron (1788-1824) and Percy Bys-
she Shelley (1792-1822) werc living in Switz
eriaod. With them nne evening were Byron’sdoe
tor aod Shelley's nineteen-year-old tr.cnd Mary
Wollstonecraft (1797-1851), who married him
later that year They tulked about scientific ad
vanees such as Galvani's and then decided that
they would all write stories ahout strange and un-
usual things.

Byron and Shelley didn’t com¢ through, and the
danctor wrote a story that was not of much account
Mary Shelley, however, publishcd a book in 1818,
when she was still anly twenty-one, that arose out
of this conversation, and it proved to be an enor
mous siiccess. In fact, it has continued % be a suc-
cess to this very day. The book was named Fruank
cnsteri.

Maiv Shelley made use of the new feeling that
science was on the verge ol solving the riddlc of
life. She had her scientist-hero, Victor Franken-
stein, put life into a dead body. (She docsn't d¢
sciibe how this is done.) The budy was large, un-
gainly and ugly. and it is referred % only as “the
Monster.”

The book's subtitle is The Netw Prowmetheus. so
Frankenstein is compared to the Greck god who
crcatcd human beings. However, Prometheus
cared for his creations and underwent great hard
ship ter them. Frankenstein, on the other hand.
was hoirified by the Monster and abandoned him.
The¢ Monster. who could find no kindness at the
hands of anyone, finally despaired and took a
bloody rcvenge on Frankenstein and all his family.

22
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This is no happy story like that of Pygmalion and
the statue that was brought te life for him. Frank
cnstcin told its readers that the creation of artificial
lite was a dangerous thing

Frunkenstein is considered by some people to
be the tirst truc science fiction story. Its plet was
not likely to come true at the time it was written
but depended upen new scientific discoveries to
minke it so. This is exactly whal mukes a story sci-

ence liction.
Fer & hundred years afterward. scicnce Fiction

stories continucd to bc¢ written, and once in a
while, aitificial life was included. but none was as
memorahle as the Menstcr,

Then, tinally. in 1920, a Czechoslovakian wiiter,
Karel Capek (CHA-pek. 18 90-1938), wrote 4 play
called R. U. R. It was produced on the stage the
next vear

It was a science fiction play. An Englishmau
namecd Rossum has bLuilt a factory in which he
munutactures automatons. These look exactly like
human beings and they are designed to do the
work of the world and & free human bLeings from
the curse of laber

it doesn’t work out that way. Just as the Colem
and the Monster became dangerous, so it was with
these automatons. They devceloped emotions,
didn’t fecl they should be enslaved. and wiped out
humanity. Finally, Rossum, still ulive, sent off two
of the sutomatons, a man and a woman, te star: a
new race and begin things ull uver

“Rossum™ seems to be derived from the Czech
word “‘rozum,” mcaning ‘“‘reason’ or “‘intelli-



gence.”” The initials K. U. R. ure the name of Ros-
sum’s lactory and stand for “Rossum’s Universal
Robouts.” The word rohot (R@Fl-bot) is from a
Czech word far an involuntary worker, that is, fer a
slave. Rossui’s robots ure “universal” hecausc
they are designed to do ail the work humans do.

Because of this play, the word “robot™” came to
mean an ariificial human heing It replaced “au-
tomaton” complctely. Robot is now used for the
puwipose in almost every language.

As science continiied to advance, sciciw e fiction
grew more and more populac In 1926, Amaztyg
Stories was introduced. It was the tirst magazine
© he devoted exclusively to science tiction, but
others followed soon enough. Dozens of writeis
began to write jor the new magazines, and hun-
dreds ot science fiction stories came to be pub
lished each ycar

A number of these stories involved robots, but
the influence of Mary Shelley and Karel Capck
was strong. In almost every science fiction story,
the robots proved dangerons, aud even murdce
ous.

In 1939. a young science fiction writer namced
Isaac Asimov* (AZ-ih-rnov, 1920 ), then ouly
nineteen years old, decided to write a robot story
of another kind. He wrote one in which a robot
was simply a machiue, designed to do a specific
job (although a very human one—it was a nurse-
muid). What's more, it was constructed with hpjile-
in suieguards, =o it contdn’t do any hann.

Followins: that, he wrote a series of such stories
with the encouragement of John . Campbell, Jr.,

"Ye< Tl auther af ¢thas besl
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editor ot Astounding Science Fiction, the maga-
zine in which the stories appeared. This new type
of rahot story proved veiy popular, and helped
make Asimov’s reputation,

The built-in satesuards that Asimov invented
were called “The Three Laws of Robotics.” Since
they are now quoled in almost all books that deal
with robots, 1 will quote themn here.

1. A robot may not itjure a human being or.
thyongh inaction, allow a human bcing to come to
harm.

2. A robot must obey the orders given it by
human beings except where such orders would
conflict with the First Law.

3. A rolat must prosect its own existence as long
as such prosection does not conflict with the First
01 Second Law.

"|These laws were fiyvst Quoted in an Asimov story
entitied “"Runureund.” which was published in
1942. As it happened, that was the first timc that
the word “rehotics” was ever uced in print. The
word is now u<ed hy cvervone to stand for the study
of robots. for their design, construction, mainte-
nauce, aud repair.

The Three Laws were the lirst serious attempi
to cancel out what Asimov called “the Famken-
stein complex” —the fear that robots would turn
murderously nu human beings. To a great extent,
this worked. Asimov's robot stories made the older
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CIPO and R2D2—from tha mavie Star Wars

kind seem outot=late, and the beiter science fic
tion wrisers stopped writing them.

Incrcasingly, robots were pictured as harnless,
usefisll—even lovable. Thus, in the motion picture
Star Wars the two robots, C3PQ ancl R2B2, all but
stole the show.

Scicnce hction, of course, cannot produce any
thing by itself Not all the robot stories in the
world can bring a robot into c¢xistence. or even
make one possible. Science fiction might be
viewed as just a new kind oflegend and myth, one
based on nature and science, rather than on magic
and the superniatural.

There is this difference, though. Legends and
myths that involve magic and the supernatural
aren'tlikely ever to come true. Legends and myths
that involve natnre and science just might. In fact,
the legends and myths we call science fiction
sometimes inspire scientists and engineers to
work toward some of the advances described in
the stories.

In 1950, fr inseance, nine of Asimov's robot
stories were put together and published as a book
called I. Rebot. This was widely read and proved
surprisingly influential.

One of the early readers was a Cohunbia Un#
versity undergraduate. Joseph F. Engelberger
(1925 - ). Hc was suftticiently inspired by the
book to make up his mind to devote his life to the
development of robots, and that had very impor
tant results, as I shall explain in the next chaptcr

Almost everyone active in robotics today has
read and was influenced by I. Rebat. Not long ago,



Asimov met an Israeli roboticist whe said &e¢ had
been influenced by the beok. which he had read in
IHebrew translation.

Asimov himself is enly a wriice He is not in-
terested in werking en robots. only in making up
stories abeut thern. Hc is, however, cempletely
satislied (and a little swprised) with his patt in
their history.

Industrial

Robots
and
Computers

HewrvER MuCH SCIENCE fictien writers might
dream, real robets can’t be built as leng as simple
clockwork is all we have with which te 1un them.
Such clockwork can enly make rebets do one
routine thing over and ever again.

In erder %o have a useful robot, there must he
seme way (0 give it complicated instructiens.
"Chese instructiens sheuld he easy to change fiom
time to time so that a robot can de enc thing now
and imether thing later.

Still. clockwork can be made more cemplicated.

In 1822, an English mathematician, Charlcs
Bahbage (BAB-ij, 1792-187]) hegan te imagine a
kind ef clockwork machine made up of gears and
levers and other parts; one that would he so com-
plicated it could he given instructons that weuld
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enahle it tn solve any kind of arithmetic preblem
and print out the amwver. He dreamed of an enor
mous kind of cilculating machine; something that
voda¥ we couldcall a “computer-

He drcamed of a ¢omput¢r that would store
nuinbers, so thut it weuld have a2 me mery, He
dreanted of one thatceuld be instnacied to do any
kind of problem, with instructiens that could be
change.d at any time. Butnonc of it came true for
him.

Bab)bage’s machire didn’t werk fur severnu rea-
wons. First, Babbage wasa very 0.ld and unpatient
man. ll¢ kept getting newer and better ideas all
the time, and he wanted nothing but the best
machine ssible, Thencfore. he would tear dow n
his machiuc and begin to build & bigger one in-
stead, Finally be had vo 1noney’ lef: with which te
build.

Besiclcs, even if he could have binished his
machine it probibly wouldn't havie werkeet, The
gears, lkevels, and other parts would hav¢ had to fit
tege-ther very well, or they weuld be briaking
down and goiug out of order 1l the time. In Bab®
bag.+’s time, all those par's couldn’t be mnde se
accurately as to tit tegether clesely enowgh. Thdn,
tee, the vvhele machine would have been se heavs
that crumking it in enlder to make it work would
have¢s been difticult indeed.

Babbage's machine was theretore furgotien for a
hundred years.

Just the samc, as time went oa, simple adding
machines were built. 1f semeone pushed the
proper but:ons for the nuinbers, and pulled a

G Hite Did We Find Out Alvout Computers?® (Walker, 1964
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lever, an answer weuld be cranked out. The probh
lems solved would he of the simplest kind. Such
adding machines are nothing like the complicated
kind of compuser of which Babbage dreamed.

Then electricity came into use. A curreatofelee
tricity is much moie easily handled than clock-
work. An clcatric current e be allowed to pass, or
forced to stop. very quickly and easilv. 1€ it passed.

it coeld set up a inagnctic tield that could be made
to close and open switches. It could do what
clockwork did. but much mere quickly and surely.

le thc 1880s, the American invculer Herman
Hellerith (FIOL-uh-rith, 1860-1929) waorked out a
way of handling all the statistics gathered by the
United States census. He used still cards inte
which 8 number of holes ceuld be puriched. The
pocitian of each hole stoad tor some kind nf statis
tic. Flectricity ceuld pass through the holes but
net threugh the card inatesial itscli. The way in
which electricity passed through {according to the
pattern of the position of the holes) oanaged to
gather data, autematicailly, and %o solve problems.

Hollerith worked out impravemcats and in
1896, he founded Lhe Talulating Machine Cem-
pany. It grew large and, eventtlly. changed its
name te International Business Machines Compo
ration or IBM. IBM is now the largest cemputer
finn in the werld.

Even electricity isn't {a.sl cneugh tor robats. The
electric currents couldn’t be handled quickly andl
rasily enengh by stopping and sturting them with
cards imd switches.

Ifan electric cutrent is borced threugh a vacuum,
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Hollerlth's punch card

however, it comes through as a sircam of tiny par
ticles called “cleetrons” (ee-LEK-tionz). In 1904, a
British engineer. John Ambresc Fleming (1849~
1945), forced a stream of electrons through an
evacuased glass container and showed how that
sircam could be controlled much more delicately.
quickly, and easily than an erdinary electiic cur
rent.

Such a containeriscallcd a “tube’ in the United
Siatcs, and it was the first ““electronic device.”
Such tubes were rapidly impreved and came to be
manufactured in all soits of varieties. Becausc they
were used in radie sets te begin with, they were
often called “radio tubes.”

Could calculating machines be built that made
use of such tubes to control electricity? An Amcri-
can engineer. Vanncvar Rush (1890-1974) thought
s0.

He got the idea tor the same sort of cilculating
dcvice that Babbage had dreamced of, aad in 1925,
he built one. Bush's suw:.ess came about because
the technique for making the parts that made up
the machine had pregressed greatly since Bab
bage’s machine. Besides, thc machine was nimm by
electricity. net by hund.

Bush’s machine had a memory. It ¢euld also be
given complicatcd imstructions (that is, it could be
programmed); the program could he changed at
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any time. It was the tirst woiking computer.

Evcn se. Bush's machine was still mostly clock-
work. In 1946. twe American enginccrs, John
Williamm Mauchly (MAVCHice, 1907-1980) and
John Presper Eckart. )i, (1919- ). completed a
computer in which the electric cuitent was con-
trolled entirely by tubes. They called it the Elec
trenic Namerical Integrater and Calculator. For
short, this is ENJAC and it was the werll's lirst
“electrenic computer’” IENIAC could solve comr
plicated problems a thousand times as 1ast as
human beings could with any other kind of cal
culating device then knew:n.

Such compuiters were rapidly improved. Various
prograuns could be storedinside the computer mem-
ory, ler instance. That meant you didn’'t have
%0 go through a lot of fiddling every time you
waiited to change a pregrumn. You just pushed one
pattern or another and the machine svvitched
quickly from one program to another.

In 1951, Mauchly and Eckaxt built an impreved
electronic computer called UNIVAC {(Universal
Automatic Cemputer). It was the first compuiter te
be sold commercially.

It was about this time that yeung Jescph F. En-
gelberger became interested in robots. Robots
were no longer just dreams. Nowr that electronic
computers existed, robots could have the neces-
sary pregramning,.

In fact, in 1954, the American engineer Geoige
C. Pexol, Jr., got the [irst palent cver llera compu-
terprogrammed robot. He called his systern “uni-
versal autemation,” er “umnirnation,” fur shoit
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In 1956, Engelberger happened to meet Devol
at a cecktail party and they get together to found
Unimation, Inc Nevol weuld do robot designs and
Engciberger would handle the business end.

There was ne question at first of building rebots
that leeked like human beings and that could de
all the things Asimov's robots cauld. They had to
start simply—#0 build not mechanical people, but
simply mechanical arms. If thase arms could be
instructec] ®0 make cestain complicated sets of me
tions, they could be set up on tactory assembly
lines.

On such assembly lines. seimc device moves
along past a line of workers. Each worker in line
dees one particular job, such as add a pait. £it it,
pPolish it, or bolt it. By the time the device reaches
the end of the assembily line. it is: complete. Each
werker does one job and if each robet arm can be
instructed to do that job, thc robet will do it in-
stead. The rebot could do it more: acenrately, with-
out ever getting tired, bered: hungiy, or sleepy.
The werker could e fieed % warkat some job that
was morc interesting than deing the same thing
ever and over

Such a robot is called an *“industiial robot,” be-
cause it is used in industry, and it was for this type
that Engelberger and Devol aimed at first,

The robots developed by Unimation, Inc.
worked, but they couldn’t be sould because they
were too expeansive. Cemputers were geed, but
they werc so large and bulky, and required so
much energy. that nebody could afterd te buy
robots that were guided by thexin—nor would they
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Micro chip megnified

have eneugh space for them.

Iingelbergcer had faith, however, that cemputers
would mow smaller and cheaper. and they did.

In 1948, the "“‘transistor” was developed. This
consisted of a small piece of solid matter made of
metals such as germanium (er-M AY-nec-um) or
silicen (SIL-ih-ken). Certain ether substances
were added and then the tansistor weuld do the
same work as a vacuum tube. The transistor was a
“‘solid-state” device.

A vacuum tube is guite large and is made of
glass which can break. It contains a vacuum inte
which air can leak The wires inside the tube must
be heated and that wakes time and a great deal of
energy. Transistors are small, unbreakable, un-
leakable, and seke ne time and hardly any energy
to do their work.

At first, transistors were hard % make, expen-
sive, and unreliable. Howe+er, scientists soon
learned how to impro ve their methods of manufac-
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ture. Transistors grew even smaller and cheap
er— and seeadily betier,

In the 1969s. engineers were substituting tran-
sistors for tubes in computers, so that comnputers
at oncc became smaller and cheaper Scientisw
leained how to economize on space for the con-
nections, or “‘circuits,” bctwcen the Iransistors,
too. They star‘ed with small, thin squares of silicon
(a “chip”). and carved the surlace into tiny parts
each of which behaved like a dilferent par: of a
circuit.

All this could be made so small that by the
1970s, pcoplc were talking about “microchips.”
The equivalent of ENIAC could be carved onto a
single chip. Computers could 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 laster and more powertul than early
computers that filled entire 100ms

At Unimation, Inc., they couldn’t make use of
computers that small. but the ones they did have
to use were small enough, cheap enough, and
good ¢nough to make the price reasonable. In
1975, Unimatien; Inc, finally started selling
cnough robots to make a profit. Each year, thereaf
ser, they sold more and more and more. so tha
now Engeiberger is many times a millionaire.

Other firms began to put out industrial robots,
but Unimation, Inc. remains the most impoitant of
these. It procduces about eac third ot all the indus
trial robow in use.

There arc now many thousands of industrial
robots in use in the world and the aumber is
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increasing rapidly each year More than half of
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 in its use of them.
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4 Robots
to Come

INBUSTRIAL HO®BOTS ARE only the beginning
They are likc the very first airplanes or auto-
mobiles. If you ever saw pictures of the early
stages of those inventions, you would see they
don’t comnpare to what we have now. They were
small, flimsy. clumsy, and slow. It would be hard
to look at the tirst plane and imagine a huge airlin-
er cairying a hundred pcople across the Atlantic
@ccan at laster than the speed of sound.

In the same way. the industrial robet of today
won't be able # compare % the devices that will
be available in years to comc.

The most important thing would be to make
such robots look and act wmore and more like
human beings.

You might wonder why 1t is impostanttora robot
to be human in appearance. If it can do its job by
just being a computerized arnw, why bother stick-
ing all the other parts on it?

The answer % that is that all the things human
beings make are designed for the convenience of
human beings. ®ur houses, our tueniture, and our
tools are designed to fit the human body. They
must adjust to the way th¢c humanbody bends and
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tierns and stretches; everything must fit eur hands
and suit the way we walk.

Ifa rohot can fit everything that fits us, and meve
and bend and stretch and twist as we do. it will
adjust to the world we have already created. \Ve
won’t have te adjust the wortld to it.

Fer instance, industrial rolots are bulky. They
might weigh up to 1500 pounds, %t times as much
as a person does. Naturally. they take up more
reem than a persen does. Geneully, they have
large, bulky “hands” that a1e very strong and can
do heavy waerk, but those hands are a little chunsy
ler linc 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 de delicate
work like changing light bulbs.

Then, too, robots usually have fingers that are
more like stubby claws, streng but not delicate.
Thcey arc nothing at all like the human hand. with
its five long fingers th:it have two or three jointsi
cach and can move independently.

It would be nice te develep a rebotic hand that
was strongcr than a human hand, but just as deli-
cate and maneuverable. That is not an easy thing
to do.

Again. rebow tend to be motienless. if they
move, they glide along on wheels, whichis some
thing human beings (er any other living thing, for
that matter) can't do. Wheels have their advan-
tages, for they move smeethly aud without using
much energy. but they only work well on smooth
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suif aces. Whal 1f it becomes necessary for nohots to
climb over obstructions or to make their way over
broken ground? in thut case. they should be able
to walk.

Devices have heen built with six legs. cach of
which cain be maneuvered indepcndently. The
device, when walking, lifts three legs, the middle
one on onc side and the two back unes on the
other. That leaves it standing on three legs, so that
it docsn’t tip in any direction. Then it puk dowy
the lirst set of threc legs and lifts the other sct. 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 laige bug. People may linnd this unpleasant
and be more attvacted to a walking device with two
legs. if onc can be worked out that doesn't fall
down when it tries to walk.

What about a robot with hitman senses?

For instance, it a robot must tighten a nut, it has
to be given clear instructions as to how many times
to turmn the nut so that it will be tight. A different
tud a #d bolt would requrire different instructions.

It would be convenient if a robot had some way
of fecling the resistance when a nut grew tight 1n
that case. 1t weuld require no special instructions.
Vhatever nut it tigheened. it would seop when it
could tell by feel that the nut was tight enough.
In the same way, it could tel] by feel when it was
holding a heavy object tightlv envugh to lift it
without having it slip out of its grasp—but not
tightly enongh to dent or break it

Just as importatit, or more so. would be to



word. The robot might even be equippcd  make
sounds ef its own and to answer a human being in
a usefu! way.

Surely. it we could cairy on a cenversatien with
a robot, it weuld instantly seem mare inselligent
and companionable to us.

All these things probably can be done aventu-
ally, and therefure will be dene. In jact, rebots
might even be equipwcd with scuscs we don't
have. They might be made able to detect and re-
spond to electric and magnetic liclds, which we
don’t de, er to seund and light ef types we can't
detect

Then, ®0. why enlv factories lor robots? Eve.e
tually, they will be cverywhere.

Robot busler In gengral, if we consider any computcrized too)
a kind of robot, we lind them elsewhere already.

develep a way te have a robet see. It ceuld then
tell, just by looking. when a nut was detective, et
when it wasn’t seated squarelv. The nut would
then be discarded or reseated.

It weuld be convenient to have it hear as well,
for some things that go wrong can bc detected
through the sense of hcaring. What's more, if it

could hear, it could respend, perhaps. % a speken e
cemmand. Programming could be changed at a Sparks, robaot dog from 1389 World's Fair
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The Space Shut:lc is thoiouglly computerized
and wouldn’t run without that. Many spacc satel-
litcs and probes are now wumputerized. and we
may look lorwvard to robotic devices helping to
min¢ the moon and build structures in space-

Even avtomobiles are being computerized and
are therelore becoming robots in a small way.

Also thcie are now ia existence “show robots,”
which may b¢ becoming big business in the
United States. They are usually small and simple.
They look a bit human becausc they generally
have heads, torso and arms (though thcy don't
have to). Thecy move about frecly on wheels, and
they can even speak a little in many cascs.

So lar, these are amusing toys, and it may be
thev will be bought as such. Ceitainly, they will be
one way of faumiliarizing people with robots and
making us feel more comfortable with them.

@®ue successful show roleot was built beeause a
young man named Fred Haber was inspired by |,
Robot. With the help of ethcrs, he built a three-
foot robot with a round head; arms that have
shoulder. clbow, and wr.stjoiuts, together with a
hand aud simple, movable fingers. It has stubby
legs thxt arc on wheels so that it can move in any
direction. It does nothing by iwelf, but is remotely
contolled, so itis nota trae robot Its vaice is the
radio-transmited voice of its op erator.

Fred Habcr has displayed the deviceatoonven-
tions and other such functions with great success.
He cally thc device “Isac,” in honor of Asimov.
and the two, Isac and Isaac, have had their picture
taken togcther
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The real fisture may be with the “home robat,”
however. This would be a true robot, at least
vaguely humanoid in shape, that could act as a
butler or maid. It could take coats from visitors,
announce their names and hand out drinks; or it
could vacuum the rugs, move beds and fumiture
on request. and so on.

Englcberger is attempting to perfect a true
home robot of this sort. He has a preliminaiy de-
vicce in operation already and he calls it “Isaac.”

] J

Robots
and People

ONE O®F THE reasons why the Unised States is
hesitating about going full speed ahead with
industrial robots is probably the fear of un-
employment As more and more robots arc put into
factories, what happens to the men and women
who used to have the jobs?

@f course we can argue the matter this way—

Until the 1970s, there were many jobs that only
human beings could do Animals weren't smar!
enough. Machines weren’t complicated enough.

Some of these jobs that only human beings can
do are dangerous. Working in mines, or on build
ing construction, or with dangerous chemicals o1
explosives, or under difficult weather cond#
tions—all are jobs that it would be better Inr
human beings not to have % do.

Besides, some jobs, even though they require
human brains, don’t require too many. Many
people have %o spend day after day doing simple
things likc liling cards, or typing routin¢ letters, or
tightening bolts, or caarying something from here
to there. No animnal or mvachine might be able to do
it, but people who mustdo itdon’t really get to use
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their brains veiwy much. If muscles aren’t used
much, they get flabby, and that's true of the brain,
too.

The kind of jobs many pcoplc do—the same
simple thing all the time—can be tenibly boring
and depressing. Eventually. people who do such
things find they have led dull lives that never gave
them a chance # think properly and cxpand their
minds.

Now we have devised robots that are much more
complicated than any other machines we have
ever had They are complicaled 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

simple #asks—the kinct of tasks human beings
ought not to waste their time doing.

In that case, why not let the robots do it? Why
shouldn’t human beings do other and better
things?

After all, whenever there is an important new
invention, some jobs are lost. When the au-
tomebile came into use. there was a gradual, but
steady, loss ef jobs that involved horses. There
were fewer stables, fewcr manufacturers ot bug
gies and wagons, fewer whips, tewer spurs. @n the
other hand, think of the jobs the automobile
created. Think of all the garages that came into
being, all the ausc mechanics needed, all the tirc
manufacturing, highway building, oil-well dril-
ling. Automobiles created hiundreds of times as
mapy jobs as they destroyed.

That's the way it will be with robots. too. Lo of
assembly-line jobs will vanish, but think ofall the
jobs needced to design robots. manufacture their
parts, put them #ogether, install them, and keep
themn in good re pair. There will be many times as
many jobs coming into being as are destroyed. The
jobs that are destroyed will be very dull ones any-
way. so dull that even a robot can do them. The
jobs that will be created will be interesting oncs
that will stretch the mind.

Of course, there is a catch. We ¢an’t just tell a
pcrson who has been working on an assembly line
tor 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 assem-
LIyline worker won't have it.



Computerized robots building cers

If we are going to have a large changeover in
types of joiss, there will have to be a careful pro-
gram of retraining and reeducation for peoplc with
old-style jobs. It will have to be done even if they
take rather simple new-style ones. That will be
cxpensive and hard, but it will have to be done.

There are also sure to be people who are too old,
or too beasen clown by the dull job they had to do
all their lives, to be ablc to take advantage of re-
tiaining Some sort of jobs will have to be tound
that they can do.

Eventually, of course, things will be different.
Children going to schools in the future will be
educated in ways of using and understanding
computers and robots. They will grow up and be
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able to #ake the new jobs, and no one will evcr
consider the old jobs or want themn. Everyone will
be glad to leave the dull jobs and the dangerous
jobs to robots.

Still. there will be a “tansition period.’”” a time
between the present, when so many people are
still in the old johs, and the future, when eveiyone
will be in the ncw jobs. The Americun peoplc and,
perhaps, the whole world. will have to be patient
and intelligent so that we can getthrough the trun
sitien peried with as little trouble and unhapp i
ness as puossible.

There is another problem that may face us.

Robots aren’t going to stay in the saine place.
Computers will get more and more complicated,
und robots will huve morc and morc abilities, and
be able % do better and better jobs.

Marn runining automated taclory



Are there any jobs tliat robots won’t some day
take? What if human beings are driven out of job
after job, and robots take them all? Will robots mke
over, as they did in the play R U. R.?

Actually, that deesn’t seem likely.

Just because robots do things that till now only
human beings have been able to do daesa’'t mean
that robo#s arc intelligent in the same way we are.
They just work automatically under the direction
of computers that we have programmed.

For insmance. 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 eirors. That's because we know all the
rules of arithmetic. They happen to be simple and
we can describe those 1ules inthe programming se
that the computer knows what to do. Through
those rules the computer can instruct the robot
how far to turn, hew far %o bead, hew many times
to do something, and so on.

But that's the veiy sor: of thing {hat human be-
ings are not very good at lluman beings can do

arithmetic, they know the wules but that sort of

thing. if done for very long, quickly gets boriny
and the human brain gets tircd. We begin to make
more and mere mistakes.

The human brain. however, is very good in
other directiots. 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
somctimes startling ways of doirg or undersaand-
ing things. Computers and robok can't do any of
these things. And as long as they can’t, they are a
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long way f:om being intelligent in the same way
we are, and they're aot likcly to “take over.”

We can’t even program cemputers and robots te
be imaginative and creative, since we ourselves
don’t know how we do it

For instance, I write books—a lot of them. Be-
cause I write many books, I write them quickiy. I
leam about a subject and then try to explainit L tiy
to be clear. I trv to tell things in the right order.
And it woniks. Evea when I do it quickly, I write
exactly the way I feel I ought to,

How do I de it? How do I decide what & say
first, what & 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 cemputer so that it will write
my boek fer me—so that it will choose the right
words and phrases—and then have a robet type
them all down? No. I can’t, because I don’t know
what the rules I follow are, so I don't kaow how to
program the computer,

Probably all human beings, if they arc given a
proper education £nd aren’t spoiled by being set to
work at lifelong dull jobs that turn their brains
Habby, will have some ability er other they can’t
explain, and that no cemputer orrobot will be able
to imitate.

Still, suppose that as computers and robets get
more complicated, they develop abilities that
make it possible for them to {hink fur themselves.
What if they develop imaginaton without our in-
structing them, just as the rebcts in A. U. R. de-
veloped emotion?
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Even then, itis not likely thev'll be veiy good at
it at first. and it won't be worth all the complic:ation
of computer structure that would be required.

fioo0k at it the other way around. Every on¢c in a
while a human being is bom who is & “mathe-
matical marvel” He can multiply huge numbers
in his head very quickly and solve ¢omplicated
problems. Sometimes he can do it without even
knowing how. Even & person who is not born with
this ability can train himself into doing it pretty
well il he spends a lot of time and practice at it.

But why bother? What good is it? Even the best
mathematical rnaivel isn’t as good as a fairly sime
ple compuser All the trgining in the world will
makc ne human being beti:er than a computer in
doing mathematical problems.

And the other way around—with the human
brain so easily capablc of so much in the way of
imagination and creativity, why should computers
compete in that way?

It would be much bet:er if human beings con-
tinued to make computers and robots betier at
what machines can do most easily by giving them
abilities and pregramming to help that along.

Meanwhile, we human beings should improve
ourselves at what twe do hest through proper edu
cation aud through a deeper understanding of how
our brain works. We should try to make more and
morc¢ pesple ima@native and creative

In this way, we may end up with two kinds of
intelligcuce on ear:h, two entirely different kinds.
There will be the computer/robhotintelligenc:e and
the human intelligence. Each one will work in a
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different way and each will cooperate with the
other,

Together the two intelligences will beable to do
mitch more than either could alone, s0 that some
day human beings will wondcr how they ever got
along without robots.
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