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NTRODUCTION

I

CaarLES BABBAGE i5 2 name known fairly widely today; in his own
time the value of his work was recognized bw few of his contemporaries,
and he was held a crackpot by his London neighbors, His name has
emerged from obscurity in the past <cnc'al.«,.. because it has become

increasingly clear that he was a man far ahead of his time. That
knowing and critical figure, J. M. Keynes, his student stiil n'(...l
admired Babbage highly. Teday there are app..m mathematicians
evervwhere who share his ,:wx on for developing calculating ms
their technical resources |m‘\C vastly i 'pxov‘d. but the fundamental
}mup les of design remain very 'mhr. The British magazine
re entitled a discussion L.l onc of the first » American cal
culators ““Babbage's Dream Comes T |uc." and described that Harvard
relay computer, Mark I, as a realization of Babbage's project in
puncxplc. but with the benefic of twentieth-century mechanical
engineering and mass production methods for it ph_s'si»:.l form.
A few years ago B. V. Bowden in his excellent hook on calculating
m.-.Ll...lcs. 1..:::. than Thought, said that Bab:bage enunciated the
principles on w hlch all medern cor '\putmq machines are based,
Unquestioned pi ioneer in the field ollarge-scale mathematical machines,
Babbage was, in a sense, the unheralded prophet of the even newer
field now known a3 cpcnt onal research, fmcsh.u:’o“cd in his book
Economy of Manufactures and Machinery. This study of scientific manu-
facturing processes of all kinds, written as a b\ pm(l\.xt of his interest
in n..s'hrmaucal machines, was in fact the only major undertaking
he actually completed. He was ahead of his contemporaries in still
a third way: he made a determined campm.:n for Government subsidy
of scientific rescarch and education at a time when research was still,

to a large extent, a gentleman’s hobby,

11, LIFE

Bory 18 Devonshire in 1792, Charles Babbage was the son of a
banker who later left him a considerable fortune.  Because of poor
health, he was privat tely educated until he entered Trinity College
at (.aml,ndsu in 1810, He was already passionately fond of
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mathematics before coming to college and was discouraged to find then
that he knew more than his tuter.  He soon had a great circle of friends,
or rather, a number of circles—chess- and whist-playing groups,
fellow members of the Ghost Club, and boating companions, all in
addition to mathematical colleagues.  Of the latter, his most intimate
friends were the younger Herschel (later Siv John) and George
eacock (later Dean of Ely),  The three undergraduates entered into
a compact that they would *‘do their best to leave the world wiser
than they found it,” In 1812, i first step toward the achieve-
ment of this goal, the three, tog ith several others, founded the
Analytical Society, hired rcoms for it, read mathematical papers, even
published transactions, Babbage, Herschel, and Peacock translated
Lacroix’s Differential and Integral Calewdys and published two volumes
of examples (sce page 24). In spite of considerable opposition, the
Saciety fought valiantly to put * English mathematicians on an equal
basis with their Continental rivals,” and actually had a profound
effect on the future development of English mathematics. Babbage
believed that he was certain to be beaten in the tripos examination
by both Herschel and Peacock, ard preferying to be first at Peterhouse
rather than third at Trinity, he transferred in his third year, In
fact, he stood first in Peterhouse in 1814, and received his M.A. in
1817.  For about ten vears afler his graduation he published a variety
of mathematical and physical papers, mostly on the calculus of
functions, but alie including one on Euler’s study of the knight's
move in chess and one on barometric altitude measurements,
Babbage, Herschel, and Peacock continued to be friends afler they
left schoel. Each in his own way lived up to their joint compact,
thaugh their careers were very different.  Peacock devoted himself wo
mathematics and astronomy until finally he decided to join the
ministry, He took his D.D. in 1839, and shortly therealter became
Dean of Ely, a post he filled with great vigor and success, Herschel,
after a brief apprenticeship at law, decided to follow his great father
into astronomy, As a crowning achievement, to supplement his
father's work on stars of the Northern Hemisphere, Herschel went to
the Cape of Geod Hope in 1833, and in four years completed his
observations of the southern star:.  After his trivmphant return to
England, his main work was compiling his great catalogues of nebulae
and stars. He was knighted by the Crown, served as Master of the
Mint, and avoided all scientific feuds; his biographers all veport that
his was a life full of serenity and innocence, In contrast, Babbage
published at thirty his * Observations on the Application of Machinery
to the Computation of Mathematical Tables,” and was received with
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general acclaim and presented the first award of the Gold Medal ever
given by the Astronomical Society—Dbut spent the rest of his E-.tc
fruitlessly teving to bring his machines to compiction. He was :c:l
bv kis broad interests inte many byways, from a vigorous campaign
a_';vninst the policies of the Royal Society to t_'.".c study ol cnphvfnzs, an.d
from speculative geology to the design of tools fo:r lathes :.md shapers,
but always his work centered on his beloved engines, st career was
a long series of disappeintments, and to friends who \'3s:tcd him in
1861 he said that he had never had a happy day in his l.xfc ar.:!‘ap?kc
“a¢ though he hated mankind in general, Englishmen in particular,
and the English government and organ-grinders moest of all ... in
truth Mr, Babbage was a mathematical Timon.” ‘ B
Actually Charles Babbage was a most sccial and gregarious fellow,
with a considerable sense of humor, as one can see in his autebiog aphv.
Charles Darwin wrote, I used to call preuy oiten on Bakbage and
reqularly attended his famous evening parties. B.‘l.hh:lg"l.‘ was an
enthusiastic conference man, instrumental in founding .thr Astro-
nemical Society {1820), the British Association for the A(:.mr.-:cm\cr_u
of Science (1831), and the Statistical Society of London IB.)}'.
Darwin also recalled a brilliant dinner at his brothet's house at \'.'hl.tl'l
even Babbage who “liked to talk™ was cutdone by Thomas C.‘tl‘lfn‘.t;
nd an Edinburgh prefessor who was asked to dinner by Babbage

4

reported that it was with the greatest di!’ﬁ:ulf.y li.'.;'.l I c;c'npcf'! from
Kim at two in the morning after a most delightful evening.” En-
couraged to travel for his health, he made many trips to the continent
of Europe, and was equally interested in meeting mr{t!lxc:'s of the
avistocracy, fellow mathematicians, and skilled mechanics. Hc_ was
a friend of Laplace and of Alexander Humbu:d'! and knew P(ixsson,
Fourier, and Biot. *It is always ad'.--.u'.xagcous,_' he ad\:xsrd, ror a
raveller to carry with him anything of use in science or in art it it is
of a portable nature, and still more so if it has also the advantage of
novelty,” Among his most wseful objects of this sort were some gold
buttons stamped by steel dies with ruled p.u'a!i‘tl lines 4 l0,000qgf
an inch apart, produced by a designer of machine loc:!‘s mmu.-d Sir
John Barton, who was Comptrcllcr.of the Mint. [he rainbow
patterns playing on these small diffraction gratings, v hich m-dccd th.c.y
were, provided a splendid opening gambit in conversations with
strangers.

111. MACHINES

Banpace’s transformation from a cheerful young man into a bitter

o311  hic devotior :
old one was to a large extent the result of his devotien to his
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mathematical machines. He has provided us with two versions of the
origin of his ideas about machines, but the one written in 1822 seems
more plausible than the other, which appeared in his autobicgraphy
some lorty years later.  According te the first story, Herschel bro;qht in
some calculations done by computers for the Astronomical Scciety.
In the course of their tedious checking, Herschel and Babbage found
a number of errers, and at ene point Babbage said “I wish to God
these calculations had been executed by steam.” *It is quite possible,"”
rc:::.:u-f\-c:l Herschel, From this chance conversation came the ob.
session that was to rule Babbage for the rest of his life. The more
he theught about it, the more convineed he became that it was posiible
to make machinery to compute by successive differences and ses type
for mathematical tables. He set down a rough outline of his first
idea, and made a small model consisting of 95 wheels and 24 axes,
which he later reduced to 18 wheels and 3 axes. In 1822, in addition
to !l:fs above-mentioned original note published by the Astronomical
Society, he wrote an article “On the Theoretical Principles of the
Machinery for Caleulating Tables™ for Breawster's Fournel of Science, and
a letter on the general subject to the President of the R:;-.::l Socicu;.
Sir Humphry Davy. In this leter, Babbage pointed out the advan-.
tages such a machine would have for the Government in producing
the lengthy tables for navigation and astronomy, and propased to
construct a machine on an enlarged scale for the Government’s use.
T}::rc had been machines since the time of Pascal for carrying out
single arithmetical operations, but they afforded litcle saving of time
or security against mistakes. The Astronomical Society received
Bab.bagc’s proposal with the highest enthusiasm, and the Rovyal
Sou.c:‘y reported favorably on his project for building what he called
# Difference Engine.  Inan interview held in 1823 between Babbage
and the Chancellor of the Exchequer, a rather vague verbal agreement
was made whereby the Government would grant funds for the enter-
prisc which was expected to take three years. Work proceeded
actively for four years although Babbage was constantly having new
ideas about the machine and scrapping all that had been done
before.

n 1827 Babbage went abroad for a year on the advice of his
physician, and during this period made a study of foreign workshops
and factories to supplement his considerable familiarity with British
c:}nnx:!l\<-t‘fril1g processes. He later used this information in his book
=eonomy of Manufoetures and Mackiney, published in 1832, about which
we shall have more to say later, While still abroad, he learned that
he was to be appointed Lucasian Prefessor at Cambridge, the chair

INTRODUCTION X

once held by [saac Newten. Although he hesitated because of his
work on the Difference Engine, he decided to accept and held the
position for a few vears, He remarks in his autobiography that this
was the only honor he received in his own country, He resigned in
1839 to devote himself completely to his machines, even though
during his entive term of office he neither resided at the college nor
taught there. His income as Lucasian Professor was between eighty
and ninety pounds a year!

Upon returning o London in 1628, Babbage made a new application
for funds to the Treasury. The Roval Society again reported favorably,
the Duke of We ten inspected the medel, once more the
Government granted liberal funds for the work, and decided to buil
g and workshop on land leased next te his home.

a fireproof buil
In 1833, when arrangements were made for moving the engine and
the work o the new shop:, Babbage and his excellent engineer
Clement reached a crisis,  There had for years been difierences about
the various delavs in salary pavments and Clement refused to continue
work in the new buildings without new and expensive arrangements,
At this peint Clement abruptly stopped work and dismissed those of
his men who were working on the Babbage job. After months of
dispute he allowed the drawings and the parts of the engine to be
moved to the new bu g, but he was legal ewner of his tools and
retained all those tools which had been so laboricusly built in his shop
at Babbage's and the Government’s expense over six or eight years of
effort.

Twelve months after work on the Difference Engine had stopped,
Babbage thought of an entirely new principle for a machine which
would wholly supersede and transcend the Difference Engine. The
Analytical Engine, as he called it, would have far more extensive
powers, more rapid operation, and vet a simpler mede of construction
than his original design. In 1834 Babbage requested an interview
with the First Lord of the Treasury to explain his new idea and get an
official decision on whether to continue and complete the original
Difference Engine, or to suspend work en it until the new idea could
be further developed.  For eizht years he pressed for an answer either
from the First Lord ef the Treasury or from the Chancellor of the
Exchequer, with whom he corresponded at some length, At last he
was acvised that the Chancellor and the Prime Minister, Sir Robert
Peel, concluded that the Government must abandon the project
because of the expense invelved, The Government had already
spent £17,000 and Babbage had contributed a comparable amount
from his private fortune.  The parts of the machine already completed
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and the drawings for the whole machine were deposited in
the Museum of King's College, London, were shown at the Inter-
national Exhibition of 1862, and were eventually delivered to the
South Kensington Museum, where they ave now. The part on exhibit
is in working order and has recently been taken apart, thoroughly
cleaned, and reassembled so that an exact copy could be made for the
International Business Machine Corporation’s museum. The copy
was built by the firm of R. W. Munro, who built the “mill" for
Bakbage’s son, see frontispicce,

Much embittered by the Government's withdrawal, Babbage
turned his atiention 1o the development of the Analyvtical Engine,
and maintained a staff of draftsmen and workmen to work on drawings
and experimental mackinery for future construction. As always,
Babbage would start work on a medel and then abandon it in an
unfinished state to start work on a new one.  In 1848, after working
for several years on the Analytical Engine, he decided to make &
complete set of drawings for a second Difference Engine, which would
include all the improvements and s impl::’icat;cr‘.s suggested by his
work on the An.ml cal Engine. He again offered to give the com-
pleted drawings and notations to the Government provided they would
build it, and again his offer was turned down by the Chancellor of the
Exchequer, whom Babbage termed *the Herostratus of Science,
[-.vho’ il he escape oblivion, will be linked with the destroyer of the
Ephesian Temple,"

IV. DIFFERENCE ENGINE

In 1834 the Edinburgh Review had published an account of the
principles of Babbage’s Difference Engine, Inspived by this article,

a well-to-do Stockholm printer, George Scheutz, undertook to make
a machine of his own, With a little belated financial assistance from
his own Government and from members of the Swedish Academy,
Scheutz and his son Edward completed, alter many years of work, a
difference engine of their own, which Scheutz brought to England for
exhibition in 1834, Somewhat to Scheutz’ surprise, Babbage did
everything in his power to help, and in a speech before the Royal
Scciety recommended Scheutz and his son for one of the Socicty's
medals. Babbage's own son Henry used the Scheutwz machi':c to
demonstrate his father's pet system of “mechanical notation,” The
Swedish machine won a Gold Medal in Paris in 1853. Babbage and
kis son had prepared a series of drawings to accompany the machine

INTRODUCTION xvii

and explain its operation. The Scheutz machine was bought for
$5,000 in 1856 by an American businessman for the Dudley Observa-
tory in Albany, New York, whose first building was to be dedicated
that same vear, G. W. Hough, first Director of the Dudley
Olservatory, was certainly a man to appreciate the machine, for he
himself dcs‘c!npc- d, with much effort, both a pri'uing barometer and
a very early form of recording chron ograph for daily use at the
Observatory. The Scheutz machine computed four orders of differ-
ences and du;h\r(‘ its results by setting tvpe to cight decimal places.
An engraving of the machine sn‘u.Juvr on its four 5’.1‘:'::‘ hardweod
legs appears as plate 4 of Volume I of the Aunals of the Dudliy Observators.
The machine was used in Albany for many years in Cn...puunf
Lphc’nc..d-s and wvarious correction tables, and exists today in a
private collection in Chicago. In 1863 an exact copy was made for
the British Government and wsed by W. Farr for the computations for
the English Tables of Lifetimes, Avnuities, and Premivms published by the
Registrar-General, ,

Caleulating machines were by no means new; they had been devised
by such luminaries as Napier, Paseal, and Leibnitz. Their devices
were meant to serve as “desk caleulators,” like the wonderful and
ubiquitous machines whirring en so many desks today, or like the
humble slide rule. But detailed mechanical realization of the
designer's ideas had not yet been skillful enough to make the machines
more than mere curiosities in 1830, Babbage had higher ambitions;
he planned to make a machine suited for thc computation and direct
setting-up in type of lenzthy mathematical tables, He was greatly
concerned about the errors intreduced in the processes of printing and
publishing tables, and listed and analyzed many repeated errors.  He
w:nankcd in the first enthusiastic year of his publu. campaign to see
his machine initiated with gm-crnmcm aid: " Machinery which will
perform . . . common arithmetic . . . will never be of that wtility which
must arise from an engine which calculated tables,”

The Difference Engine was an emhbodiment in wheels and eranks of
the principle of constant differences, The non-mathematical reader
may find Babbage’s own account in the Life of a Philosopher (sce
pp. 38-51 in accompanying text) entirvely dc.lr. We summarize
it here more compactly.

Let us actually construct a table of the squares of the successive
integers: 1%, 22, 32, 42 ete. ..., using exactly the method of the
machine. We set up three columns: the fisst two columns are work
columns, and the answers will appear in column C. To begin we
have only to specily their three initial entries and a fixed pattern of
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procedure.  From this we can generate the table as far up as we nave
the patience to go, using the single mathematical operation of acdition.
' ' are shown in the above with the pattern

The three staggered columns bor . v
of procedure. The three given :'.:.m'.l:u? are a 2 for c':.ulm.x \} l 'r_rr
B. and 1 for C. The function of the digit 2 in A is 1o show that w
are constructing a table of the second powers, while the first enines
for columns B and C simply tell where the table begins. Complete
olumn: vt able L, (Copes
column A by filling in 2s as far down as you like. Now complete
column B by adding in the entries from column A again and again as
chown by the arrows. Once column B is constructed its values are
fed in turn into column C by addition in exactly the same way. Tl:m
ic and almost painless construction of a
table of the squares ol integers, made wholly by this very repetitive
pattern of simple addition. _ . : ;
\More mathematical readers will recognize the procedure in
By R i Lalugs AZy=2: Ay=1:
an obvious notation of the difierence caloulus: L\.n:/ —.2 ] .A,_. =];
This gives the general rule and the specific initial con-

result in column C i3 automa

e

-'f':.“ l
ditions. ) " :
All the work here performed comsisted of additions (including the
carrving of units to the next higher place), storage (or memory, of
Tous and the repeated addition of the column entries it a

previous results, ‘ [ the o0 s
certain simple and invariable order, In 1822 Barfh‘-.'-c m.mh: himself
a small machine which could do exactly the operation givern above,
up to five-place numbers. This was '.h:’ h..r':_wir:;.‘(cr of l)f[fcx'cl'n‘(t}t
Engine No. ). The frontispicce to the Life ¢f @ Philesopher (page 2)
is a facsimile of a woodeut of a very similar fragment of Difference
Engine No. 1 itself, which has been preserved in the Science .\!"<:\:::1
in London. By the use of toothed v heels on shalts, not much diffevent
: familiar figure wheels of the mileage indicator en

in principle from the

P
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an autwo speedometer, the Difference Engine can carry out the opera-
tions exemplified above, In the present frontispiece, the first table
entry is set at the bettom of the column of figure wheels at the right;
column B is the central vertical set of wheels, column A the
left-hand versical shaft. Turning the crank once presenis a new
figure in the table column, the other columns taking their proper
valuss, In the machine as designed, but never constructed, the
nursber indicated in the table column would each time be transmitted
through a set of levers and cams to a collection of steel punches, which
would then be in position for stamping the number on a copper
engraver's plate.  The plate was moved with each tura of the mech-
anism so that the punched number would appear in the proper place
on the printed page. Mechanically all this was far from simple
Recall that standardized machine parts, without hand-fitting, were
yet a rarity. Clocks, which most closely resembled this type of
mechanism, were still principally hand-fitted. Babbage's plans were
on a grand scale—one of his most conspicuous failings—and called
for no less than twenty-place capacity, up to differences of the sixth
order. The variety and number of holts and nuts, claws, ratchets,
cams, links, shalts, and wheels may be imagined! All of these parts
were designed with skill and care, with supplementary mechanism
intended to minimize wear, prevent improper regisiration, and « on.
Some of the modern practices of instrument design were foreshadowed,
and there is no deubt that the technical devices used were superior
for their time, The presence of gauges, of a shaper, of a kind of em-
bryonic turret lathe, of die-cast pewter gear wheels and the pressure
molds in which they were made, is evidence enough of that, Babbage
even studied the action of cutting tools, and rationalized tool-grinding,
But perhaps the very care and thoroughness of the design was its
greatest weakness, for it was far [rom completion when the controversy
which ended its financial support became the cause of its postpenement
after years of work. And the rise of Babbage's own interest in a far
grander (and still more unrealizable) project at lastkilled the Difference
Engine, [Its state at death was most incomplete, but all the drawings,
and a considerable number of the teols, gauges, jigs, and a quite
respectable amount of development of methods and machinery had
been: completed.  Precise information cannot be found, but a reason-
able estimate would seem to show that Babbage's engine would have
cast about fifty times what the similar though more medest Swedish
version sold for in the fifties. It would have been some two tons of
novel brass, steel, and pewter clockwork, made, as nothing before it,
to gauged standards,

o

150




i i L S 5 S e i 5 . -
BSOS SEaDiasta - o

S ——— —A———-‘—‘W

{

PHILIP AND EMILY MORRISON

V. ANALYTICAL ENGINE

w

WaaT Bapaack saw after his work with the Difference Engine wis
a really grand vision. He had early conceived the potion he pictur-

esquely called "the Engine eating its own tail* by which the results of
the calculation appearing in the table column might be made to affecs

the other columns, and thus change the instructions set into the

machine, On this ight, and after a striking mathemetical digression

into difference functions new to mathematics, and suggested only by

the operation of the en gine, he built a great program. It was nothing

less than a machine capable of carrying out anj mathematical operation

instead of only the simple routine of differences we have inspected.

Such a machine would need instructions beoth by setting in initial

numbers, as in the Difference Engine, and also far more generally

by literally telling it what operations to cany out, and in what order.

Capable of repeated additions, of multiplication which is hardly more
than that, and of reversing the procedure for subtraction and division,

the avithmetical unit would do these operations upen command., Tt
would work on previously sbtained intermediate results, stored in the
memory section of the Engine, or upon freshly found numbers. It
could use auxtliary functions, log:.-.'ithms, or similar tabular numbers,
of which it would possess its own libravy. It could make Judgments
by comparing pumbers and then act upon the result of its comparisons
—thus proceeding upon lines mot uniquely specified in advance by the
machine's inswuctions. All this, which forms the backbone of
modern computing development, was to be carried out wholly
mechanically with not even a simple electrical contact anywhere in
the machine, ror, of course, @ tbe or a relay, The scale, as usual,
was grand, The memory Wwas to have a capacity of a thousand
numbers of fifty digits —respectable even by woday's standards, Of
course the speed of teday was wanting. The multiplication which
takes not a millisecend in the fast electronic giants of today, and some
ceconds in a punch-card business machine installation, would have
taken the Analytical Engine two or three minutes.

This operation depended upon punched cards (see Note on page
xxxiiit. They were not the fast-shuffled Hollerith cards moving over
handy electrical-switch feelers, but cards medeled on the already
‘well-worked-out scheme of the Jacquard loom. Punched holes in
these cards would supply the machinery with numerical constants
and directions for cperation. The cards would be interposed into
long lines of linkages within the engine. Whether or not heles came
in the right places would determine the passage of fecler wires capable

St it
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of linking together the notion of *‘chains™ of columns and whole
sub-assemblics. Thus, numbers or cven arithmetical processes
wansfer from column to column, storage, inspection of given colum z:;
already in the store, i:‘.:crcmx:pm-isuf of results, and s0 on—cmll-:l
be told to the machine. All this was done purely mechanically
ang ':Im process was elaborately safeguarded against the perils of
frxcsxc-n: wear, jamming, and even errors by human attt:zcl;u".'.s who
:‘“ the signal of the ma e, were 1o set in cards at p:x‘r.;:m*.::ncr.! p-:im;
n the process. This is the barest skeiwch of the machine. Only
712:::‘-;‘:.:::-;‘{-»“:? \'i.ai'.j)lc (:Ax{'-.‘-;:llic ations rl a modern machine, and trans-
lating them into the still self-conscious machinery of more than a
century ago, can do justice to the plan. Charles Babbage would be
|)‘h:-!.f({ w0 see how completely the logical structure of his Analytical
Engine remains visible in teday’s big electronic computers. o
B.nbhngc was too much concerned with the develepment of his
engines to publish any deseription of them, but in 1840 !:lc was iny 'llcti
to Turin 1o discuss his Analytical Engine. In the audience was
L, F Menabrea (later a general in Garibaldi's army; w ho sum-
nlmnzcd Ba‘:l:agc's ideas in a paper published in 1842 in the Biblis-
thigui Universelle de Genéve. This paper was wanslated into F.:‘.qlis’h
and extensively annotated by the Countess of Lovelace (daughter of
'LO:'d_B}'rr,.\n; and published in Tayior’s Scientific Memoirs, Itisr ?-n'i-mccl
in this .w.-lun:c page 225). The Countess thoroughly undcrs:-:-’xl and
appreciated Babbage's machine, and has pro'.'idv}d ‘us with the best
CONLEMPOrary account—an accoun which even Babbage |'c-:og:'.iz;'.-d
to be clearer than his own. Miss Byron studied nmtl.icm;u‘.cé and,
with .lhc cncourag._;.cmcm of her mother's various intellectual friends,
her interest continued after her marriage. The Countess often
visited Babbage’s workshop, and listened to his explanations of the
structure and use of his Engines. She shared with her husband :.1.:1
interest in horse racing, and with Babbage she tried to develop a
system for backing horses; Babbage and the Coun apparently s:c-p‘pcd
in time, but the Countess lost so heavily that she had to i;nw:x her
!'nm:ly jewels,  Apparently Babbage was willing to wy anything orcc.;
in an cfort to raise lunds for his Engine. He once d(:sigr.;:d ;x.tit-l;u-
Loe lzzgcl\illc, which he intended to send round the countryside as a
travelling exhibit to raise money for his serious machines. 'I:lm‘c
lit-tat-toe machine was designed to recall a splendid cighteenth-
centary automaton, with the figures of two children, a lamb, and a
cock, alternately clapping, crying, bleating, and crowing. Under-
neath l!f.c bric-i-brac was to be the mechanism for a genuinely
automatic machine, slow-moving but unbeatable at l‘it-l:\t.-l(-c_.
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Babbage was persuaded to abandon the exhibition of this machine as
an unprofitable venture by someone wise in the ways of the theater,

whe advised him that it was impessible to compete wit h General Tom
Thumlb, the reigning faverite of the day.

VI. MATHEMATICAL INTERESTS

AvTouon BABBAGE never straved very long from his calc
Engines, his tremendous scientific curiosity led him into many byways
~50ME stemming du'c-;‘l.}' fremt the main line of his machines, and
some that were far afield. The machines th "-.su‘.w,i were, of course,
a direct result of Balibage’s great interest in mathematical tables, and
he was much impressed with the importance of having lhf'u‘ casy to
vead as well as aceur In 1826, after a vast amount of labor, he
published a table of logarithms from | to lL.'R.'.'.'!) in which he paid
great attention to the convenience of calculators who would be milw
the tables. His work was much appreciated by computers both in
wd and abroad, and several foreign editions were published from
his stercotvpe |,L1tr< with translated preface. In the same year he
published a ‘l'ult book called o Comparative Fiew of the Different Institu-
for the Assurance of Life, which was one of thc first clear, popular
accounts of lhf- theory of life insurance, He was led inta this field
as a result of his interest in caleulating tables of mortality, and his
tables were adopted by several German compaznies from the German
cdition of his book. In England his life tables were used by life
insurance c-‘mp:mics until a new set of tables was compiled by the
Government in about 1870 on a Difference Engine built Mp(’u.x")
for the purposc (see page xvii), In 1831, in an effort to determine
which was casiest 1o read, Babbage printed a single copy of his tables
ol logarithms in 21 volumes on 131 variously colored papers with ten
different celors of ink, and also in gold, silver, and copper on vellum
ﬂl]d on \'.'lll’)lli l H( Kl.('i""‘ ()l p.tpe .

He was constantly calling to the attention of scientific societies and
government offices the number and importance of crrors in astro-
nomical tables and other calculations, At one of the first meetings
of the British Association for the Advancement of Science, Babbage
recommended a ealeulation of tables of all those facts which could be
expressed by numbers in the various sciences and arts, which he called
“"the Constants of Nature and A, At another BAAS meeting, in
remarking on the vital statistics of an Irish parish, he said *'to discover
those principles which will enable the greatest number of people by

aing
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¢ their combined exertions to exist in a state of physical comfort and of
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moral :mf‘ intellectual happiness is the legitimate object of statistical
science,"

He even extend led his demand for statistical accuracy to poetry;
it is said that he sent the lw.r\\.l'q letter to Alfred, Lord Tcnn\;un
about a couplet in “*The Vision of Sin”:

**Every minute dies 2 man, | Every minute one is born': I need
hardly point out to you that this calculation would tend to keep the
sum total of the world’s po pulation in a state of perpetual equipoise,
where: i5 a 1-2.1 -known fact that the said sum teal is co nstantly
on the increase. 1 would therefore take the liber rty of suggesting
tlml .:: the next edition of your exceilent poem the erreneous
caleulation to which I refer should be corrected as kvl') s: *Every
moment dies a And one and a sixteenth is born.” I may add
that the exact figures are 1.167, but something must, of course, be
conceded to the laws of metre,

Itis afact thn( the cr'urlc’. in all editions up to and including that of
1850 read " Every minute dies a man, | Every minute cne is born,"
while all hm' editions read *“Every moment dies a man, | Every
moment one is born," ’

Like many mathematicians he was fascinated by the art of decipher-
ing, and believed firmly that (".'r:rg.‘ c:p!‘.cr could be deciphered with
sufficient time, ingenuity, and patience, He began composing a
series of d a:ru’.on.n‘ir:.\ in which words were arranged according to the
number of letters they contained, then alphabetically by lhl' initial
leter, then alphabetically by the second letter, ete, This work was
never finished, nor were the grammar and dictio nary he began to
write when, as a young man, he first heard of the idea of a universal
language. He also wrote a paper. never published, “*On the Art of
Opening all Locks,” and then made a plan to defeat his own method.,
During all of his wavels he never missed an epportunity to measure
the pulse and breathing rate of any .mun.:k he happened to encounter,
and prepared in skeleton form a “Table of Constants of the Class
Mammalia."

Babbage made one excursion into the field of apelogetics with .u.
inco'“rlc e work entitled The Ninth Bridgewater Treatice, A Fragmer
published in 1837, The regular Bridgewater series had been sup-
pnr::(’ by a hcqucsl which called for the preparation of cight nr.ms‘cs

which would give evidence in favor of natural religion. Babbage
(!f‘(l:!cl to add a ninth, at his own expense, on the same general
subject, but with particular arguments against the prejudice, which he
felt was implied in the first volume of the sevies, that the pursuits of
science, and of mathematics in particular, are unfavorable 1o religion.
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He used his experiences with his caleulating engine to bolster his
arguments on the nature of miracles and in favor of design. As
B. V. Bowden says, “he thought of God as a Programmer,” He
repeatedly alludes to the possibility of defining a series by such :
complicated rule that the first hundred million terms r:::gh‘. proceed
according to an obvicus scheme, and l“nc next number late it,
while the rest of the sequence continued according o the first plan,
ramming of a calculator for generating such a
ent he felt he had shown a possible origin of
led under God by orderly

He described th
serics, In this argu
miracles in a world otherwise controll
natural |

In his a graphy Babbage jokingly traces his ancestry to the
prehistoric flin: workers because of his “inveterate habit of cont ing
tools.” He reports that as a child ke had a great desire to inquire
into the causes of .x.i r\c...\.ax.\. that hisinvariable question on receiving
any new toy what is inside of it 7" I the answer did
not satisfy ln y n open. He remembers as a small
boy being [ascinated by | X automata,
especially one of a small figure of a silver lady dancing. He ran
any vears later, and acquired her for his

| l:“,'§

ton of clockwe

across the silver lady m
drawing room, where she was dressed in elaborate robes and displayed
he held a g or next to the
iich he alse had on exhibit at home.
ion for the entertain-

on a pedestal in a glass case. S
portion of his Difference Engine
He would set either or both of them into eperat
ment of his guests: the lady to dance, and the Engine to print a small
table, and nc xC'i rucfully that on one oceasion his English friends were
gathered about the silver lady while an American and a Hollander
studied the Difference E ngine. Babbage recounts a conversation he
once had with the Countess of Wilton and the Duke of Wellington,
who had called at his home to see the Difference Engine, The
Countess asked what he considered was his greatest difficulty in
designing the machine. He replied that his g:calrs' difficulty was
not that of *“contriving mechanism to execute each individual move.
ment . .. but it really arose from the almost inm.:x‘.cn able combinalic
amongst all theze contivances,"” and compared his problems to thase
of a general commanding a vast army in battle.  He was pleased to
have Wellington confirm his analysis,

VII. MACHINERY

Jusr as the mathematical mac hnm' designing team of today scon
becomes involved in a welter of prol blems a')- ut the properties of
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vacuum tubes and electronic circuits, so Babbage became deeply
olved in the problems of the machine &Irp and the draftin g room,
During the course of the work many ingenious mechanical devices
were perfected and even some of those that were rejected for use on
the calculator were not entirely wasted, but were introduced with
success into other machinery as, for «fx:xml:!c. into a spinning factory
at Manchester, To create the great variety of new and complex
ision for the Difference Engine, a number
ere invented.  To test the “steadiness
;.<<'c5 in making some key gun-metal
Babbage reperts that he “had some
ond point,” and he was de.

§ or “Fr;nw-::l"wt‘cr
images,’” a3 l'cc;-...m" them. t n sketches and with drawi
p'rp.::rl a full-time [‘-Z'R{'.':.".]-.tﬁ. Babbag the constr "'.lr;n
of the mac l....c in the hands of the er . Jement. Clement
was one of the great machine-too!l builders of the century, who carlie
had been a drafsman for Henry Maudslay, the intrg vdu- er of the slide
rest and the screw cutting lathe.  Babbage tells of an order Clement

rica 1o construct a large screw in **the best
possible manner.,' This he proceeded to do. to his
standards, with a precision, and consequently a bill, far greater than
mer expected,  The customer was :'rc:.i:vl o p..\ some
hundreds of pounds, altho ke had anticipated a bill of tw
pounds at most! The mainstay of Clement’s custom shop was (hc
first large planing machi although from the sums expended by
Bak ll..,\ it appears that the Differ c:‘.cc Engine was one of the largest
single jobs in Clement’s shop, somewhere I»‘u.c'-n one filth and one
third of its whole effort,  In Babl age's own wry ...q< it tends to appear
as though Clement were in fact a full-time employee of Babbage, but
this seems to be inaccurate, Babbage broke with Clement in 1833
and seems never to have carried any further prejects beyond the stage
of drawings and <-x|:<-r;m"'.'.ll parts, :
Among the workmen in Clement's shop was one ], Whitworth,
who became Sir Joseph Whitworth, Bart,, leader in the machine-tool
industry in the nineteenth century. It was Whitworth who first
brought about the standardization of serew threads, and the Whitworth
thread remained the British standard until 1948. He insisted upon
the wse of gauge blocks, recognizing end measurement as better than
measurement between scratch lines,  Ewven in the 1830's he could
work to standards of a micro-inch, Heis llC\‘ iently credited with the
familiar machinist’s scheme of preparing plane stanc dard surfaces three

ms with the required |
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at a time by hand scraping, but this ascription seems to be doubtful,
Whitworth's independent career began when he left Clement, probably
because of the curtailment of the Babbage contract, and set up his own
shop at Manchester.  His was probably the first shop to build machine
tools mainly for sale to other tool manufacturers.

Babbage wrote a paper “On the Principles of Tools for Turning
and Planing Metals” for a threewvolume reference work on the lathe,
published in 1846 by Holtzapffel & Co. The publisher acknowledges
that “The cultivation of Mecharics by Gentlemen . . . has given rise
to many ideas and suggestions on their part, which have led to valuable
practical improvements,” and offers instruction te amateurs in
“Turning or Mechanical Manipulation generally,” ecither at Holtz.
apflel’s shop or at the gentlemen’s private residences.  The parallel is
complete: like today's mathematical-machine builder, todav's
scientific hobbyist is apt to use vacuum tubes; he is more likely to huild
amplifiers than do ornamental turning on a lathe. The drawings
which Babbage had for his machines covered over 400 square feet of
surface, They were deseribed by experts at that time as perhaps the
best specimens of mechanical drawings ever executed, done with
extraordinary ability and precisicn, In the course of preparing them,
Babbage invented a scheme of mechanical notation to make clear in a
drawing the action of all the moving parts of a piece of machinery.
Since Babbage's machinery was particularly complex to describe in
motion, he was extremely proud of his notation, He prepared and
had printed a short paper describing his principles of mechanical
notation, which he gave away in considerable numbers during the
Exhibition of 1831, requesting readers to send him any criticisms or
suggestions.  This paper is reprinted on page 357 of this volume,

Babbage’s most successful book, and in fact the only work of any
consequence which he ever compleied, was the Eeonomy of Manufactures
and Mackinery, published in 1832, Only one brief excerpt from this
work is reproduced in the present volume (page 313). Although
originally intended as a series of lectures at Cambridge, Babbage
published the work in book form, with a condensed version prepared
as a prefix to the appropriate volume of the Encyelopedia Metropolitana,
It ran through several editions, was reprinted in the United States,
and was translated inte German, French, Italian, and Spanish, in
spite of the trouble Babbage reports having with booksellers because of
his chapter analyzing the ook trade, As a result of supervising the
construction of his own Engine, he became interested in the general
problems of manufacturing and visited factories in England and on
the Continent.  He learned from a workman how to punch a hole in a

-
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sheet of glass without breaking it, and found a demonstration of this
skill a usefizl method of winning the confidence of the various craftsmen
with whom he spoke. (See page 129 for this interesting method.)
The bock includes a detailed description and classification of the tools
and machinery used in various manufacturing operations which he
observed, together with a discussion of the "economical principles of
manufacturing. In the mood of an operational research man of
today, Babbage takes to pieces the manufacture of pins—the operations
involved, the kinds of skill required, the expense of each process, and
the direction for improvements in the then current practices. He
makes a number of suggestions about methods for analyzing factories
and processes and finding the proper size and location of facteries, and
stresses the need for studying the work of contemporary inventors in
other countries.  He points out that the division of labor, so important
for manufacturing, can be applied also to mental operations, and cites
a3 an example the work of G. F. Prony, director of the Ecole des Ponts
et Chaussées, who successfiully organized three groups of workers—
skilled, semi-skilled, and unskilled—to prepare a great set of mathe-
matical tables. Prony began work in 1784 under the same impetus
which led to the establishment of the metric system in revolutionary
France. He undertock to construet elaborate trigonometric tables
based on the division of the quadrant into a hundred parts. A
necessary auxiliary work was an unprecedented table of logarithma,
This tabulated the logarithms of the natural numbers up to 200,000,
carried out to fourteen decimal places. Prony realized that life was
too short for such an effort (one sixth of that work had cost Briggs six
or eight years). The story goes that, happening to read the new book
of Adam Smith on the division of labor, he proceeded to organize the
computations on this basis, His most skilled handful included
mathematicians of the stature of Legendre.  Their task was, of course,
no mere computation but the choice of the best analytical expressions
for numerical evaluation. Their formulac were transmitted to a
group of about eight well-trained computers who put them into the
appropriate numerical form.  The computers of unskilled kind varied
in number from 60 o 80, Their task was nothing more than addition
and subtraction, according to the rules that were specified. It scems
that nine tenths ef them literally knew no more than addition and
subtraction, and these turned cut to be the best computers. Two
teams worked independently and in duplicate and finished in about
two years. The final “Tables du Cadastre™ were never published,
but remained in two copies, cach of seventeen manuscript folio volumes.
These were frequently consulted as checks by other computers,
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including Babbage himsell whe visited the Observatory in Paris on
this errand. '

Also included in the Ecomomy of Manyfoctures is a panegyric for the
“Science of Caleulation .. . which must ultimately govern the whole
of the application of Science to the Aris of Life.”  Babbage reports as
one of the best compliments he ever received on the hook a remark by
an English workman he met, who said “that book made me think.”
One profoundly practical result of his operational research method
was the introduction of the penny post in England; Sir Rowland Hill
»'s analysis of postal operations,
which showed that the cost of handling the mail in the post office was
greater than the cost of tanspertation.  This pioncer work, Eeonom;

of Manufactures, is good reading even today.

VIII. OTHER INTERESTS

BABBAGE MADE & number of suggestions for practical inventions of
various kinds.  Much interested in railroads, he attended the opening
of the Manchester and Liverpeol Railway and made several suggestions
for ways of preventing accidents, including a methed for separating a
derailed engine from a train.  In 1838 he was consulted by lsambard
Brunel and the directors of the Great Western Railroad and spent five
months doing experiments, which consisted largely of tracing on paper
the curves of motion made by the special car in which he worked. On
the basis of these experiments, he recommended use of a broad gauge
and proposed an automatic specd-recording device for every engine.
He suggested a numerical system of occulting lighthouses, and sent a
description of his scheme to the authorities of twelve maritime
countries. The United States Congress appropriated $5,000 to try
his scheme experimentally, and the results of these experiments were
published in 1861 in an extremely favorable report recommending
adoption by the U.S. Lighthouse Board. An experience in a diving
bell in 1818 led Babbage to consider the question of submarine
navigation, and he prepared drawings and a description of an open
submarine vesscl with air for four persons for two days,  Such a vessel,
he thought, could be screw-propelled, and might enter a harbor and
destvoy evenivonships!  He also suggested the use of a rocket apparatus
to boost projectiles and the use of mirrors for indirect five for artillery,
Onee at an opera, much bored by the performance, Babbage had the
notion of using colored lights in the theater, He did some experi-
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menis, using cells formed by pieces of parallel glass filled with solutions
of various ¢olored salts, and even devised a rainbow dance to demon.
strate this new technique,

Babbage did some physics in Cambridge, and published a paper
with Herschel in 1825 on magnetization arising during rotation, based
on experiments of Arago. Babbage was also much interested in
geology and astrenomy.  Alter the eclipse of 1851 he suggested the
germ of the idea of the coronagraph for seeing the sun’s prominences
withous an eclipse, but he had rot at all analyzed the problems of
scattered light, It scemed possible to him that one could get a record
of the succession of hot and cald years in the past by examining and
comparing tree rings in ancient forests (see page 367 ; this method was
redizcovered early in this century and used to grear advantage in
southwestern United States, He wandered once again into the feld
of archacology in his last scientific paper, entitled " On Remains of
Human Art, mixed with the Bones of Extinet Races of Animals,”
published in 1859. Babbage once proposed to write a novel in order
to help finance the completion of his Analytical Engine. He planned
to devole a year o preparing a three-volume novel with illustrations,
which was to earn 5,000 pounds.  He was discouraged from pursuing
this project by a poct friend wise in the pitfalls of literary
fortune.

Unlike Darwin, who wrote his autobiography for hic own children,
with no thought of publication, Babbage says that he wrote his
Pascages from the Life of a Phslasopher to “render . . | less unpalatable™
the history of his calculating machines by an account of his own
“experience amongst various clases of society.”  He was over seventy
when he prepared this collection of anccdotes and ideas, and more
obsessed than ever with his beloved engines. The book's character-
istic combination of peevishness and humor is apparent as early as the
title page. Babbage was a bitter man, and his autobiography is as
much a record of his disappeintments as of his achievements, The
largest part of the bock is, of course, devoted to his engines, with an
account of their theory and principles of construction, and the sad
tale of their neglect by the British Government,  In 1832, and again
in 1834, he ran unsuccessfully for Parliament on a Liberal (Whig)
platform, and he includes in his autobiography parts of an amusing
clectioneering play used in connection with his campaign. In the
play, entitled Politics and Poetry ov The Declive of Science, Babbage is
characterized as Turnstile, “a fellow of some spirit; and devilish
proud,” and again as “a sort of a philosopher—that wants to be a

manol the world."  Ina chapter entitled “'Street Nuisances," Babbage
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describes his one-man battle against street musicians, which brought
him as much fame, in London at least, as all his scientific accomplish-
ments combined, Babbage maintained that his ideas vanished when
the organ.grinder began to play, and calculated that such interruptions
destroyed one fourth of his working power. He waged a vigorous
campaign of letters to newspapers and to members of Parliament, and
personally hauled many individual offenders before a magistrate.
One of the latter once asked Batbage whether a man's brain would
be injured by listening to a hand organ, and Babbage replied "'cer-
tainly not, for the ious reason that no man having a brain ever
listened to street musicians.”™  That this particular battle of Babbage’s
was not taken seriously is made clear by his obituary netice in the sober
London Times in 1871, which remarks somewhat cruelly in the first
paragraph that Babbage lived to be almost 80 "in spite of organ.
grinding persecutions.”

IX. DEFENSE OF SCIENCE

Evex peFore he had a personal grievance against the British
Government for its failure to support his own machine, Babbage had
sharply criticized the Government for its neglect of science and
scientists, Newver a man to avoid a ficht for what he considered a
good cause, Babbage had for years led an assault on the decline of
science in England. He published two stinging tacts, Reffections on
the Decline of Science in England, and on some of its Canses (1830), and The
Exposition of 18315 er Views of the Industry, the Science and the Government
of England (1851), Bitter becauwse few Englishmen pursued science
for its own sake, he atacked the neglect of science in the educational
system and urged Government subsidies for scientists. He felt that
scientists should hold many Government posts and that pure science
should be encouraged, “It is of the very nature of knowledge that
the recondite and appavently useless acquisition of today becomes part
of the pepular food of a succeeding generation,” he wrote. Chiel
target of his diatribes on the neglect of science in England was the
Royal Society, to which he had been clected while still at Cambridge.
He submitted a plan for sweeping reforms to the Saciety, which rejected
it without discussion. His plan included such items as requirements
for publication of scientific articles as a test for membership, instituting
democratic election procedures, and free discussion of policies at
meetings, Infuriated by the Society's refusal to consider his plan, he
continued to condemn what he termed the intrigues of the Society,
pronounced its secretaries third-rate, and its president elected on the
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basis of rank rather than scientific interests, Babbage would perhaps
be disappointed to find that within the last decade the BAAS which he
helped to found was headed, nominally at least, by the Duke of Edin-
burgh! Babbage described the Council of the Roval Society as “a
collection of men who elect each other 10 office and then dine tog'cthcr at
the expense of the society to praise each other over wine and to give each
other medals,”  Although some of Babbage's accusations against the
Royal Society and the Government for their neglect of science were
exaggerated, his position was fundamentally sound, and he found a
good deal of support, Babbage has been apily characterized as “a
scientific gadfly” who “successfully needied his contemporaries into
general agreement.”

Babbage Llamed the Royal Society for conditions at the Roval
Observatory at Greenwich; on one occasion he had been refused a
copy of some of the Greenwich observations, and later located five
tons of the Greenwich tables in a shop which had bought them by
the pound for making pasteboard. Babbage remarked that the
Astronomer Royal was certainly the man best fitted to decide what
should be done with his own publications, but did not think it possible
to invent a more extravagant way of compensating a public servant
than to establish an observatory and computing center for the pro-
duction and printing of astronomical tables simply as a source of
wastepaper! He had no great love for the then Astronomer Royal,
Sir George Airy, in any case, for that official had recommended no
further Government support for the Difference Engine, and had
refused to consider the possibility of mechanizing his own computations,

X. CONCLUSION

Banpace onck said that he would gladly give up the remainder of
his life if he could be allowed to live three days five hundred vears
hezice and be provided with a scientific guide to explain the discoveries
made since his death. He judged that the progress to be recorded
would be immense, since science tends to go on with constantly

increasing rapidity, and Babbage always took a confident view about
!

human progress. The wide range of his practical and scientific
interests and his clear commitment to the notion that careful analysis,
mathematical procedures, and statistical caleulations could be reliable
guides in almost all facets of practical and productive life give him
still a wonderful modernity. -

More than one spiritual contemporary of Babbage is flving today
from site to site on the missions of the Atomic Energy Commission and
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the Rand Corporation. His whale story biears witness to the strong
interaction between purely scientific innovation, on the one hand, and
the social fabric of current technolegy, public understanding, and
support on the other. His greae engines never cranked out answers,
for ingenuity can transcend but it cannot ignore its context, Yet
Charles Babbage’s monument is not the dusty centroversy of the books,
nor priority in a mushrooming branch of science, nor the few wheels in
the museum, His monument, net wholly beautiful, but very grand,
is the kind of coupled research and development that is epitomized
teday, as it was foreshadowed in his time. by the big digital computers
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Ithaca, Neaw York

HISTORY OF PUNCH CARDS

*. .. the Analvtical Engine weaves Aleebraical palterns, just as
), . 5 s )

the Jacquard-loom weaves flowers and leave

ADA AUGUSTA, COUNTESS OF LOVELACE

THE Use of punched holes in paper cards for the digital storage of
information can be traced step by step back to the carly eighteenth
century,

That history does not begin with writing: it is directly related rather
to the weaving of elaborate figured silks, For the essence of the
preblem is the ability for casy storage of large amounts of information
to be read, not visually, but mechanicallv. Vriting and other graphic
arts are intended essentially for visual examination. Even in these
days it is plain that use of merely optical coupling is more complex
than direct mechanical means for conveying information to machines.

The weaving of ornamentally figured silk textiles was well developed
in China asearly as 1000 p.c. The product of this art, though probably
not the leoms which made it possible, is known to have appeared in the
West by late Roman times, A complex figure on the cloth implics
that in the weaving process a specified set of the longitudinal threads
(the warp} was lifted to allow the passage of the transverse weft thread
to form each single line of the final pattern.  The strong, fine, lustrows
silk fiber has been the principal medium which made the elaborate
laber of complex ornamental weaving worthwhile,  Such weaving
was always at least a two-man job. [y employed a special loom, called
the drawloom, which was certainly used in the Italian silk centers in
the Middle Ages, but which represents a tradition going back, at
least by analogy, to the carliest Chinese devices. In the drawloom a
cord is attached to cach warp thread., These cords are vnited in
E¥Oups appropriate to the pattern to be woven. When these cords are
pulled in the correct sequence, the weaver is able to throw the shuttle,
with'its weft thread attached, through the opening made by the lifted
warp threads. An unskilled assistant to the weaver pulls the cords as
indicated by a painted chart usually made on squared paper, one
squitre to each thread, both warp and wefi. Squared paper was
used even before the invention of p
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The preparation of this squared paper for the drawboy might be
aided by the use of a simple stencil, in which holes are pricked to allow
the quick copying of the coordinate mesh, It must be remembered
that information is needed in large amounts for the weaving of a
complex ornamental pattern, Even the most ancient C
examples required chat about 1,500 different warp threads be lifted
in various combinations as the weaving proceeded.  The design vepeats
after a number of weft threads, but the drawboy had to pull 40 or 50
distinct bundles made of these 1,500 lifting cords in the correct
sequence for each transverse weft.  In the seventeenth century it took
a skilled weaver two or three weeks to set up a drawloom for a par-
ticular pattern. In 1723 Basile Bouchon, in the silk center of Lyons,
designed a mechanism for automatically selecting the cords 1o be
raised. The cords were passed through eves in a row of horizontal
needles arranged to slide in a box, The selection of the cord was
made by pressing against these needles a roll of perforated paper. On
this roll a set of punched holes, spaced o fit the needles, was perforated
line after line, as in a player piano roll or a monolype type-casting
machine, beth of the later nineteenth century. It may be that
M. Bouchon got his idea from the squared-paper stencils on which
the patterns were pricked. Those needles which entered the punched
holes passed through frecly and did not raise their connected warp
threads, while the others were active. Thus the pattern could be
picked out, weft thread by welt thread, one to each line of holes.
Only three years later another Lyons inventor, one M. “aleon,
extended the scheme to allow the use of several long rows of needles,
one row above the other,  Obviously this could be dene more neatly
by using a rectangular card instead of a paper roll.  Using a per-
forated platen held in the assistant’s hand, a card was pressed against
the needles, This is certainly the full punched-card principle; the
obvious extension to a long series of cards, all strung together, was
already Falcon's.

It was not until 1301 thae J. M. Jacquard of Lyons made a fully
successful automatic drawloom. He took over the cards from Falcon,
but very much elaborated the mechanics of the apparatus, so that the
lcom became a one-man operation. Jrcquard leoms were made by
the tens of thousands in the early decades of the nineteenth century;
indeed, they are even more common today, We know directly from
Babbage that it was the Jacquard string of punched cards actuating the
lifting cords of the silk loom which inspired his use of the same principle
for the Analytical Engine. He was very proud of a remarkable woven
silk portrait which he owned, showing the inventor Jacquard sur-
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rounded by the machines of his trade. This work was woven with
about 1,000 threads te the inch and resembled a line engraving in
finencss of detail. A total of 24,0000 cards, each one capable of
receiving 1,050 punch-holes, was used to weave its five square feet,
This truly extraordinary display fascinated Babbage and surely did
much to convince him of the practicality of complex information
storage through the mechanical perusal of punched cards.

Babbage never built a punched-card machine, but the inventor,
patentee, and co-founder of the earliest practical puniched-card
tabulating machine may have been influenced by Babbage's work,
perhaps through the summary report of the Committee of the British
Association, published in 1878; more probably he tock his ideas
directly from the Jacquard loom. Herman Hollerith went to the
U. 5. Patent Office to begin serious work on punch-card tabulation
in the early 1880's, By 1890 crude Hollerith machines (looking not
unlike the Falcon drawloom mechanism) were in practical use at the
Census Bureau, and Hollerith and ether punch-card machines were
extensively employed thereafter both in the United States and abroad,
Contemporary punch-card machines of all manufacturers stem from
one or another of these carly devices,
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