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DE COLMAR'S ARITHMOMETER was the first calculator put 
into general commercial production. It was manufactured from 
the early 1850's well into the present century. The Arithmometer 
employed the Leibniz stepped gear, which is used with a system 
of. counting gears with automatic carrying. The secret of its ac· 

machine similar in appearance to that of Leupold. Later, 
improved models were built by Hahn and his son until 
a fourth model using the stepped cylinder principle of 
Leibniz proved capable of giving consistently correct 
results with numbers of up to twelve digits. While these 
improvements were being made, another German 
engineer, J. H. Muller of Giessen, armed only with a 
knowledge of the published external appearance of 
Hahn's machine, set out to design a similar but improved 
version, which he constructed in 1783. 

It is curious that upon the attainment of mechanical 
reliability the science of calculating machines seems to 

have regressed momentarily, as if it was gathering strength 
for a final burst of mechanical ingenuity that would put 
the design in such a form that it could be manufactured 
commercially and made generally available for the first 
time. This great step was taken by the Chevalier Charles 
Xaviei Thomas de Colmar (1785-1870) in 1820, though 
the first patent models were not made before about 1850. 
Soon afterwards the machine was put into general com­
mercial production that continued well into the present 
century. 

This machine, which at last achieved the success of 
general use, was based on the Leibniz stepped gear, which 
it used in conjunction with a simple system of counting 
gears with automatic carrying. The secret of its success 
was probably the use of many springs and other con-
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probably the use of many springs and other contrivances 
to dl'Stro\ ,he momentum of the moving parts so that they would 
not carn J'c'vond their intended point. (Photo courtesy IBM Ar­
chil"b . "\ nnonk, New York.) 

trivancc5 to destroy the momentum of the moving parts 
so that th ey would not carry beyond their intended point. 
Such was a frequent failing of earlier machines. 

De C0lmar's Arithmometer, as it was cailed, by its very 
success constituted a branchpoint in the evolution of 
caiculatir.g machines. Until that time, although commer­
cial success and scieittific usefulness had been the twin 
goals, design and construction had always rested in the 
hands of ;;cientists, mathematicians, and mechanicians 
mbued wi th the ancient obsession of mechanizing the 

mathematics of the world around them. Now, with the 
coming o f the industrial revolution, the agents changed 
in character. Formerly scientists had worked with skilled 
artisans who made only scientific instruments' now the 
calcula ting machine was just one of several 
cheri shed by that class of ingenious inventors which saw 
the birth of the steam engine, of interchangeable parts, 
of power tools, and of other evidences of a burgeoning 
Industria lism that was making nations richer than ever 
before . 

Scientists and mathematicians were still most concerned 
with the perfection of the device, but now they had at 
thm disposal all the skills of professional machinists ac­
Cu stomed to high precision, reproducibility, and other 
techniques for successful commercial mass production . 
. With the Arithmometer of de Colmar, which capital­
Ized on these gains, the road divided _ Although there 
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developed a main trend toward the perfection of a cheap 
and reliable machine for commercial use, a second line 
of development emerged and became distinct. Accepting 
that the basic utilitarian calculating machine had arrived 
in principle if not in fact, scientists and visionaries could 
now dream of a machine that would not only perform 
the simple mechanical operations of arithmetic but reach 
further, into the complexity of mathematical thought that 
seemed so peculiarly human. Perhaps in doing this they 
were merely looking at the same problem that had con­
fronted both the first makers of astronomical protoclocks 
and the philosophers Pascal and Leibniz. Now, with the 
minor goal having been achieved or nearly achieved, the 
stakes had been raised and the designers of computing 
machines began to envisage that the whole of 
mathematical thought-perhaps even al/ human 
thought-might one day be encompassed by a machine. 
The would-be inventor of such a machine might well be 
fascinated by the concept. From his thought alone might 
grow the "design of an engine that would outthink the best 
human minds. 

Thus, during the remainder of the nineteenth century , 
one group took a step back; to the simpler adding machine 
and eventually made it a common article of office fur­
niture, while the other group-though it continued for 
a vrhile to move the multiplying calculator toward the 
mass production that would make it a general aid to scien­
tists-bent its efforts toward mathematical machines of 
different content. In this last class we must next consider 
the prodigious Charles Babbage. 

The mathematical engines of Babbage 
and Scheutz 

Charles Babbage (1792-1871) had the misfortune to in­
vent the modern computer in an age when there were only 
painstakingly constructed gear wheels grinding too slowly 
to perform the mighty task he envisaged. He was a 
remarkable prophet of the techniques of operational 
research. He had the additional misfortune to be a 
believer in government support of science at a time when 
government still took fright at the thought of spending 
hundreds, let along thousands, of pounds on a project 
that did not promise a fairly rapid return. It was his ex­
perience to deal with a government that took umbrage 
every time he abandoned a design that had cost years of 
work to begin a new line that promised to be more effi­
cient; it was an experience that made a once convivial 
fellow into an embittered old man, an experience that left 
a wondrous machine only partly built. 

Babbage was born in Devonshire of a tolerably wealthy 
family whose fortune was eventually expended upon his 
passion for the calculating engine. This passion, accord­
ing to the earlier and more reliable of his two 
autobiographical accounts, developed around 1822, some 
five years after he had left Cambridge, where he had 
received his training as a mathematician in company with 
such distinguished colleagues as John Herschel and 
George Peacock. These three had founded the notorious 
Analytic Society of Cambridge to combat the dot-age of 
Leibniz and support the de-ism of Newton- these two 

terms referring to the two rival symbolisms used in the 
differential calculus. According to the account, Herschel 
and Babbage were laboriously correcting some tables that 
had been computed professionally for the Royal 
Astronomical Society. At one point, weary of the errors, 
Babbage expostulated, "I wish to God these calculations 
had been executed by steam." "It is quite possible," 
replied Herschel, innocently setting Babbage on the road 
he was to follow so long and so far. 

Thinking over the idea, Babbage became convinced that 
it should be possible to make machinery that could com­
pute by successive differences and set type automatically 
so that tables could be printed without the errors pro­
duced by the intervention of an operator. He rapidly 
published papers describing his idea, and within a year 
he had extracted a rather noncommittal promise from the 
Chancellor of the Exchequer that the government would 
support for three years work leading to the production 
of such a machine. He worked for four years, ended up 
with only a series of scrapped and incomplete rejects, and 
then, on his doctor's advice, abandoned his work and 
went on a tour of Europe. Coming back in 1828, he 
sought and founa further support and sei about making 
more parts for his Difference Engine, as he called his 
machine. Alas, by 1833 Babbage had had a fiery quarrel 
with Clement, his engineer, and after a work stoppage 
lasting a year they parted, apparently not very amicably. 
While work was stopped Babbage conceived a new sort 
of machine that would transcend the Difference Engine 
and all other mathematical machinery. It was conceived 
in an exciting new fashion, for it would use a principle 
-that we now call programming. The basic notion of this 
Analytical Engine was the use of a series of punched cards 
to tell the machine what operations to perform at any 
stage in the successive calculations. Such punched cards 
had been first designed by Falcon for textile machinery 
in 1728, had been brought to a peak of impressive perfec­
tion in the Jacquard loom, and had already been used 
by Vaucanson in his daring construction of a mechanical 
duck and other automata that performed in a most lifelike 
fashion, running through a series of operations in a long 
and complex cycle that almost seemed to involve free will 
and thought. Inspired by this new idea, Babbage went 
again to the Treasury seeking funds for his Analytical 
Engine, which he thought it well within his capabilities 
to devise. 

From 1834 to 1842 he argued the case, but the govern­
ment proved unwilling to expend any more money after 
the £17,000 it had already put into the first effort. En­
raged, Babbage worked on, but in 1848 he made yet 
another major change of course, going back to a second 
model of the Difference Engine and unsuccessfully of­
fering this new wonder of the drawing board to a singular­
ly unenthusiastic Treasury. 

Fortunately, in 1834 a copy of one of Babbage's ar­
ticles on the Difference Engine fell into the hands of a 
far less temperamental mechanician who was inspired by 
them. A rich Stockholm printer, George Scheutz, and his 
son, with some financial assistance from their government 
and National Academy, set about building such a machine 
and brought it to a successful conclusion without the sort 
of distraction that Babbage's own fertility of mind im-
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THE DIFFERENCE ENGINE was conceived by Charles Bab· 
bage in 1822. He worked on it fitfully until about 1833, when .he 
had a fiery quarrel with his engineer, and work on the machan~ 
stopped. Babbage then conceived the Analytical Engine, a n~w 
design that would transcend the Difference Engine and all .. oth~,~ 
mathematical machinery. The new machine would include a m~1I 
for performing operations on numbers and a "store" for holdang 
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them, and would be operated by sequences of instructions on 
punched cards. Babbage transferred his efforts to this new con. 
cept and worked on it until 1848, when he again changed course 
and r~t.urned to a second model of the Difference Engine. Bab. 
ha~e lali~d 10 bring any of his machines to successful completion; 
tl;(' machinery pictured here is a portion of the Difference Engine. 
(I hOlo courtesy IBM Archives, Armonk, New York.) 
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SCHEUTZ DIFFERENCE ENGINE was successfully developed 
from Babbage's ideas. In 1834, a copy of one of 8abbage's ar­
ticles fell into the hands of George Scheutz, a Stockholm printer 
and mechanician. Inspired by Babbage's plans, Scheutz and his 
son, Edward, set about building a machine. They completed a work­
ing model in 1837; by 1843 they had successfully constructed a 

posed on him. They made their first trial model in wood, 
wire, and pasteboard in 1834, and by 1837 the son had 
built a working version in metal. In 1840 they had a 
machine which worked to five digits and calculated first 
differences. In 1842 this capability was extended to third 
differences, and by 1843 an automatically printing ver­
sion had been successfully made. A final version incor­
porating all the improvements was ready by 1853. The 
machine won a gold medal at a Paris exhibition in 1855, 
and to the surprise of the makers their most fervent ad­
mirer and supporter was Babbage himself. In the follow­
ing year the machine was bought for $5000 by an 
American businessman, who presented it to the newly 
built Dudley Observatory in Albany, New York. 

The difference engines of Babbage and Scheutz pro­
vided a new sort of automation of mathematics. Previous 
devices had enabled man to mechanize only single 
operations-addition and subtraction in machines of the 
Pascal type, multiplication and division in those of the 
Leibniz variety. With the difference engines came the new 
concept of a continuous series of operations, of the tak­
ing of differences that could be used to automatically 
build up a printed table for almost any mathematical 
(regular analytical) function that one could wish to 
tabulate. 

The Analytical Engine, only a part of which was put 
together before Babbage's death in 1871, had much 
greater versatility than the difference engines . The heart 
of the machine, or rather its brain, consisted of two sets 
of perforated cards used in a fashion similar to that in 
which were used the cards of a Jacquard loom, which 
wove a complicated, predetermined pattern fed into the 
machine by levers that "felt" the holes in the cards and 
moved the shuttles accordingly. In the analytical engine 
one set of cards acted as mill, programming the machine 
to go through operations of addition, subtraction, 
multiplication, and division in a prearranged sequence, 
while the other set of cards was a store for numbers to 

version that automatically printed results. Their final model, which 
incorporated all prior improvements, was completed in 1853; it 
won a gold medal at a Paris exhibition in 1855. To the surprise 
of the makers, their most fervent admirer and supporter was Bab­
bage himself. (Photo courtesy IBM Archives, Armonk, New York.) 

be acted upon by these operations. With this technique, 
the machine not only could perform and print differences, 
but it could solve any succession of algebraic equations 
capable of numerical solution. 

The whole operation was checked and counterchecked 
in several ways to guard against accidental defects and 
malfunctions, and for this reason the whole assembly 
became almost impossibly complicated. However, the 
ideas were so sound that they may still be found in elec­
tronic computers, but gear wheels were too slow and too 
heavy, too plagued by inertia and backlash, to be used 
in such fearsome arrays. 

Again, however, the stakes had been raised and suc­
cess achieved-in principle. Some of the techniques in­
vented by Babbage and Scheutz and embodied by means 
of the machinist's new skills remained within the useful 
tradition. They contributed much toward the later com­
mercial perfection of the mechanical computing machines 
which became standard equipment on scientists' work 
benches a century later. But the grand concept would have 
to wait for the development of new electronic skills 
capable of achieving those ends for which mere metal 
wheels and bars were too inert, imperfect, and tedious. 

The modern accounting machine and 
typewriter 

The story of the calculating machine in the commer­
cial office began at the same time as that of the office 
typewriter. Both machines utilized the concept of the 
keyboard, long familiar from musical instruments . This 
familiarity enabled operators to easily and effectively 
work their machines-the keyboard was obviously the 
most convenient input device for both a writing machine 
and a calculating engine. 

Although the concept was simple, the mechanical dif­
ficulties were considerable. In the first place, it took much 
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ingenuity to devise linkages and mechanisms that would 
give the right effect. The first steps had been taken in 1714 
by an Englishman, Henry Mill, who obtained a patent 
for a nonkeyboard device (details unknown) to print let­
ters one by one. More than a century later, in 1829, a 
similar invention by William Burt of Detroit had pieces 
of type arranged on a wheel; letters could be selected and 
printed one at a time. For the calculating machine a whole 
tradition was already in existence, but input was provid­
ed by turning wheels rather than pushing keys. 

The first steps toward the keyboard seem to have been 
taken through calculators rather than through typewriters. 
As so often happens, when the idea came it came almost 
simultaneously in many countries and to many people. 
Priority seems to belong to D. D. Parmelee, who patented 
his first key-driven adding machine in 1850; the keys not 
only set the numbers to be added but provided the motive 
power for performing the operation. Parmelee was 
followed during the next few decades by dozens more of 
inventors, many working independently of one another. 
They always found that the rapid motion of so many parts 

caused overshooting through inertia. Unfortunately, an 
office adding machine was a device in which one could 
not countenance frequent errors-what advantage was 
there to a thinking machine more fallible than a second­
rate accounting clerk? 

Although the adding machine proved disappointing in 
its early years, it seems to have stimulated the develop­
ment of the typewriter, which, though started later, 
reached commercial production first. The big'step was 
taken by C. Latham Sholes, a Wisconsin editor, politi­
cian, inventor, and enthusiast for most diverse things and 
causes, and by his promoter friend, James Densmore. In 
1867 they devised the first "literary piano," a machine 
modeled partly on an automatic numbering machine and 
partly on the action of a telegraphic key. Rapidly pro­
ducing one more effective model after another and 
capitalizing on the exploding capabilities of America's 
new machine age, they reached commercial exploitation 
by 1872. Long before the decade of the 1870's had end­
ed, the typewriter had taken virtually its modern form. 
As with earlier devices, and as was so common in the nine­
teenth century, the next phase was jealous patent litiga­
tion to gain control of a device so eminently profitable, 
and to this end several new principles of operation were 
contrived and alternate devices manufactured. 

Now the tables turned, and the commercial success of 
the office typewriter contributed to that of the account­
ing machine. The prime idea apparently came to a young 
machinist, Dorr E. Felt, just before Thanksgiving l8~. 
He had been operating a planing machine with an action 
in wpich a ratchet wheel could be moved auto~aticallY 
by one, two, three, or four teeth at a time; thiS ral~hct 
was similar in design to the roller ratchet of a typewnler. 
by means of which the space between lines could be 
automatically varied. Using his holiday to make the now 
famous prototype contrived out of a macaroni box, a few 

h' led meat skewers, some elastic bands, and much w III 
wood, Felt proved that it was a workable device for caus­
ing keys to operate an adding machine. By 1887 ;hle 
device, now much improved, could be patented by e I 
(at the age of 24-a typical story for the times of young 
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inventor made good), and shortly afterward his machine 
became Ihe Comptometer-a companion in offices to the 
Iypewriter and a commercial success of like magnitude. 

Now that keyboard operation had lent convenience, 
and modern machine-shop production had removed the 
bugbear of inertial overshooting, the way was clear to 
funher improvement on a commercial basis. In the 1880's 
there came an interesting combination of the typewriter 
and the calculator, the first successful machine that 
primed the results of computations and thereby relieved 
the human operator of still more of his chores. Further 
combination of the two types of machine yielded what 
has since become the tabulating machine and the 
tabulator·typewriter. 

Impron~ment in another direction enabled the Swiss 
worker. OtlO Sieiger, to extend enormously the mathe­
matical u~dltlness of calculators by means of a built-in 
muitiplicat;()ll table, an innovation already worked out 
in princtpk OV Bollee. His versatile calculator, called the 
"Millionalr:.·' 'vas capable not only of addition and sub­
traction hlP ,,·f multiplication and division too (though 
the laller ,:,',,:j be done only somewhat tediously). It 
became ai' :r great commercial success and found a 
place in ;,1:1\ :<,>:)ratories and engineering shops. Thus, 
by Ihe c· .' .;! 'r., 'ineteenth century commercial success 
had hl"':: '.: for every type of calculator except the 
soph!-': thematical thinking machine envisaged 
by B;II ' :ommercial use, for simple mathematical 
comf" " :u: normal reading, and for printing and 
labul.I' .:~ t-:i;:ic problems had been successfully over-
com,' - . 1('1-- was, if anything, an excess of commer-
cial ~tic. I that led to a vast number of minor 
\-an:: nO "'Hlroved" versions. 

Deve'.~ dl2nt of nondigital calculating 
devicP.'. 

In tho ";1': f:cmaining area of sophisticated scientific 
cakula: .. 'n ! il::rt~ began in the late nineteenth century a 
markl-J :, ,'; iu 'l,ward experiment with devices outside the 
\radlll,)" '" r'ascal and Leibniz. In many ways a return 
Wa\ Ilkt.!:,: ttl [he principle of geometrical devices and 
analo!! ,,;mputers that had originated with the first 
~trolJomical models. 

One 1-. pc of geometrical calculator, the slide rule, had 
a hi\lOrv G/ development reaching back to the seventeenth 
.:cnt11 rv. having been developed almost immediately after 
the dc\ ICC of logarithms came into widespread use. The 
earhc\t form~ of slide rule had been without a slider, so 
tll 'peak, Dividers were used to transfer distances on a 
rlam "'~arithmic scale engraved on a ruler. Next a cir­
':lIlar ...:ale. inscribed around the perimeter of a disc and 
ha\ In!! the dividers pivoted at its center, was used. Soon 
aften .. ards the slide rule took on almost its present form, 
rrO!!rl~~tng with slight improvement to eventual mass pro­
ductIon and the present day. But not until about 1900 
.lId Ihe mod I'd . ern s I e rule completely displace the sector 
;1\ Ihe prime device for all occasions-on shipboard, for 
c\ample. where rapid and approximate computation with 
malhematical formulas was employed, the sector re-
matned in u· . se until about that time. 
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THE MILLIONAIRE included the innovation of a built-in 
multiplication table. This versatile late-nineteenth-century calculator, 
designed by the Swiss worker, Otto Steiger, was capable of 
multiplication and division as well as of addition and subtraction. 

More typical of the late nineteenth century were the 
invention and proliferation of a large variety of in­
struments that depended for their working order on 
precise geometrical linkages . There were all kinds of pan­
tographs and other linkages for copying diagrams to scale; 
there were planimeters of ingenious construction for 
measuring the areas of curves and for graphically in­
tegrating functions . Most complicated of all, perhaps, 
were the harmonic analyzers such as those which had been 
invented by Michelson and Stratton in the United States 
and by Lord Kelvin in Britain_ They were used for what 
would otherwise have been a most tedious 
computation-that of the Fourier components which 
determined tables of the tides. Seen in retrospect, these 
machines represented a search for some special means of 

It was a great commercial success and found a place in many 
laboratories and engineering shops. (Photo courtesy IBM Archives, 
Armonk, New York.) 

doing mathematical work beyond the compass of the 
relatively simple digital computers then available. As 
calculators became faster, more efficient, and more com­
plicated, they swallowed up the jobs for which there had 
been special pleading, leaving room only for such simple 
and relatively inexpensive devices as the slide rule. With 
the complicated analyzers, mechanical technology had 
been successfully taken to its limit; now it was time for 
a new art to fulfill the dream of Babbage and produce 
the device that would work mathematics with all the 
adaptability of the human brain but with all the preci­
sion of machinery . It would be for the new electronic age 
to achieve that rapidity of operation that could not be 
attained by historical model making and mere mechanical 
technology- • 
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Derek Price was born in Ley ton, near London, 
England, in 1922. He was educated at the local state 

schools, where he displayed an early mathematical and 
scientific inclination derived in some measure from a diet 
of science fiction magazines. He received a bachelor's 
degree in physics and math from the University of Lon­
don in 1942 and-in addition to pursuing wartime 
research into the optics of molten metals-taught and pur­
sued thesis work toward a PhD in physics, also at the 
University of London. Price's postdoctoral work included 
publication of four papers-three in physics and one in 
math, a patent on an optical pyrometer, a year at 
Princeton, and three years of teaching at Raffles College, 
University of Malaya, Singapore. 

In 1948, that university acquired a complete set of the 
Philosophical Transactions oj the Royal Society cover­
ing the years 1665 through 1850. An unanticipated 

'Morris is currently an associate ed itor of JEEE Micro. 

di scovery concerning these volumes led Price to the for­
rr.ulation and publication, in 1950, of the law of exponen­
tial growth of scientific literature. Because the universi­
ty library had not yet been built, Price had temporarily 
taken custody of the volumes. "I placed them into neat 
chronological piles against the bedroom wall," he re­
called , " ... [and] noticed that [they] made a beautiful 
exponential curve . ... " 

Price entered Cambridge in 1950 to embark upon study 
for a second doctorate-in the history of science. Dur­
in g his tenure there, he acted as honorary curator of the 
Whipple Museum of Antique Scientific Instruments and 
collaborated on a book on the history of medieval Chinese 
clockwork . (His thesis area was history of instruments.) 
One of his discoveries during this time was a holograph 
by Chaucer on the construction of a planetary calculating 
instrument. After completing his Cambridge PhD, Price 
co nsulted with a group at the Smithsonian Institution in 
the planning of their Museum of History and Technology. 
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In June 1959, Price contributed the cover article, "An 
Ancient Greek Computer," to Scientific American. t He 
described, and attempted a preliminary reconstruction of, 
a mechanism-now in the National Archeological 
Museum in Athens-found by divers near the island of 
Antikythera, northwest of Crete, in 1900. "Corroded and 
crumbling from 2000 years under the sea, its dials, gear 
wheels, and inscribed plates present the historian with a 
tantalizing problem ... [which may cause] revision of 
many of our estimates of Greek science," Price observed. 

Price described the provenance of the device-how a 
party of Dodecanese sponge fishers had found the wreck 
of an ancient ship, some 200 feet down, before Easter 
1900-and remarked that the calcified fragments of cor­
roded bronze had originally been thought to be pieces of 
broken statuary. He justified the dating of the wreck to 
65 BC and noted how the inscriptions had quickly iden­
tified the mechanism as an astronomical device. 

The Antikythera mechanism consisted of a box about 
16 x 32 x 9 centimeters in size, with dials on the out­
side and a very complex assembly of gear wheels inside. 
Doors hinged to the box served to protect the dials, and 
on the surfaces of the box, doors, and dials were Greek 
inscriptions describing the operation of the instrument. 
Price noted in the article that "nothing like this instru­
ment is preserved elsewhere . . . [and] from all we know 
of science and technology in the Hellenistic age we should 
have felt that such a device could not exist." Although 
gears had appeared in other Greek devices, they had func­
tioned simply as ratio changers. The 20 gear wheels of 
the Antikythera mechanism, " ... including a very 
sophisticated assembly . . . mounted eccentrically on a 
turntable ... [which] probably functioned as a sort of 
epicyclic or differential gear system ... ," was 
unprecedented. 

The system input was via a crown-gear wheel (see A 
in the figure on page 20) which moved a large, four­
spoked driving wheel (B) . This wheel in turn drove two 
trains of gears (EI-ES , K2-Kl and CI-C2, Dl-D2, B4, 
E2i-E2ii), each of which eventually led to the "epicyclic" 
turntable (via J). A number of shafts rotated dial pointers 
such that when the input axle was turned, the pointers 
all moved at various speeds around their dials. There were 
three dials, one at the front of the case and two at the 
rear. The front dial displayed the signs of the zodiac on 
a fixed scale, and a movable slip ring showed the months 
of the year. Thus, Price suggested, this dial showed the 
annual motion of the sun in the zodiac and-indirectly­
the risings and settings of bright stars and constellations 
throughout the year. The more complex rear dials com­
prised an upper dial with four slip rings and a lower dial 
with three slip rings. In the article, Price could only sug­
gest that lunar phases and moonrise and set times might 
have been indicated on the lower dial and planetary ris­
ings and settings on the upper. He thought that the device 
could have been an analog representation of the heavens . 
He also noted that clocks started as astronomical 
showpieces that also happened to indicate the time and 
that eventually the timekeeping functions took over. 
Thus, he suggested, "the Antikythera mechanism is . . . 
the venerable progenitor of all of our present plethora 
of scientific hardware ." Price later commented that 

THE ANTlKYTHERA MECHANISM wa~ rl'Cowred from t 
sea as a single corroded mass but broke into scwrdl fragments aft 
drying out. The main fra~ment (left) shows the effects of two miller 
in salt water. It should be noted that the photo wa~ taken after t 
fragment had been cleaned. Working with the cleaned fragmen ' 
Derek Price attempted a reconstruction of the mechanism. He \\ 
able to work out the joins of the fra~ments and dl-duce the gener 

"there were some only too ready to believe that the con 
plexity of the device ... put it so far beyond the sCO I 
of Hellenistic technology that it could only have bet 
designed and created by alien astronauts . . . vis iting Ot 

civilization. " 
Even though the fragments of the machine had bee 

cleaned prior to Price's research in the 1950's , the com 
sion and calcification had been so extensive that an 
reconstruction beyond that described in the 1959 artie: 
proved impossible. Then, in 1971. Price made 
breakthrough. He read that radiography co uld be use 
to see through the products of corrosion and calcific, 
tion. With the aid of Dr. Ch. Karakalo s. he was ever 
tually able to obtain a series of fine x·radiographs of th 
gears. The result was that the missing links in the gea 
trains were revealed, and Price could proceed with a mue 
more detailed reconstruction. 2 Especially important IVa 
the clarification of the structure of the differential tur n 
table, which demonstrated that the :\ntik yther. 
mechanism functioned as a portable. solarl llll/ar calel/ 
drical analog computer, certainly the first known com 
puter (albeit fixed-program) in history . The fUllction () 
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function of the machine but, because of the corrosion, could not 
obtain a detailed reconstruction. Later, he discovered that 
radiography provided a means to "see into" heavily corroded and 
calcified objects, and he arranged to have radiographs of the 
fragments made. The radiograph of the main fragment (center) 
shows the sort of structural detail that had been hidden. Here, 

the differential gear apparently was to compute the dif­
ference between the sidereal motions of the sun and moon 
against the backdrop of fixed stars and thereby derive 
a phase-of-moon indication. Thus, conventional ratio 
gear trains operating separately off the crown-gear yielded 
analog inputs to the differential turntable that were pro­
portional to the sun and moon positions as seen from 
earth; the differential subtracted these inputs to yield the 
lunar phase. (When sun and moon have the same zodiacal 
position, then-regardless of their abso lute positions­
the moon is new; similarly, when sun and moon are 180 
degrees apart, the moon is full.) Price concluded that "the 
differential turntable is certainly the most spectacular 
feature of the Antikythera device because of its extreme 
sophistication and lack of any historical precedent." He 
suggested that the mechanism is the earliest example of 
what we now term "high technology." 

Derek de Solla Price was appointed Avalon Professor 
of the History of Science at Yale University in 1962. 

In addition to research into the history of scientific in-
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whe~is, gear teeth, pivots, and brackets were clear enough to be 
traced out in ink and later incorporated in a detailed schematic 
drawin g (right). The structural information provided by the 
radiographs enabled Price to work out an almost-complete 
reconstruction and functional description of the mechanism. (Photo, 
radiograph, and drawing courtesy estate of Derek de Solla Price.) 

struments and medieval astronomy, he worked in the 
areas of science policy, bibliometrics, and citation 
analysis . He published over three hundred papers and six 
books, including Science Since Babylon and Little 
)cience, Big Science. He was the first President of the 
International Council for Science Policy Studies. In 1976, 
Price received the Leonardo da Vinci Medal, the major 
award of the Society for the History of Technology, and 
in 1981, the John Desmond Bernal Award, in recogni­
tion of outstanding contributions, given by the Society 
for Social Studies of Science. The Royal Swedish 
Academy of Sciences elected him a Foreign Member for 
Distinguished Service to Scientific Research in 1983. 

Although Price's major contribution to the history of 
science (and computers) was his 20-year quest to il­
luminate the Antikythera mechanism, his work in 
establishing and analyzing the Science Citation Index 
(what he called "knowledge engineering") has been of 
more immediate impact. For example, his analysis of the 
output of researchers, showing that half the total output 
of papers in any discipline comes from a small elite of 
highly productive authors whose number is equal to ap-
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The Tower of the Winds 

Athens' Tower of the Winds, located in the Agora, 
or marketplace, near the Acropolis, is one of the best­
preserved buildings of classical antiquity. Resembling 
an octagonal marble can ister, the structure was built 
in about 50 BC by Andronicus Cyrrhestes, a Macedo­
nian astronomer, during the Roman occupation of 
Greece. Each face is surmounted by a carved relief of 
a winged demigod representing one of the eight winds; 
a sundial customized for each side's orientation was 
located beneath the carving. The roof was topped by 
a bronze wind vane-in the form of Triton, son of 
Poseidon-which pointed to the image of the wind that 
was blowing. 

It was the Greeks' belief in the existence of the eight 
winds and in the octagonal symmetry of the universe 
that dictated the structure's form. 

Inside the tower was a hor%gion, or hour indicator, 
powered by a constant-pressure water source. The 
power source was reset each day by draining a tank. 
The centerpiece of the mechanism was an engraved 
bronze disc which effected a model of the heavens by 
revolving clockwise behind a stationary grid of hour 
lines. Engraved upon the disk were mythological 
figures of the constellations, inc lud ing the signs of the 
zodiac. An ellipse of perforations on the disc traced 

proximately the square root of the entire group, seems 
to be an inviolable law of technicalliterature.3 And his 
recent contention that the Babylonians were the first 
"programmers," that their tablets of mathematical 
astronomy read exactly like a computer program print­
out, promises further revelations of ancient technical 
sophistication.4 

One other of Price's projects deserves note. He 
reconstructed an ancient Greek water clock that had been 
housed in Athens' Tower of the Winds, an extremely well­
preserved structure dating from about 50 Be. (The tower 
features prominently on this issue's cover-see also the 

the apparent annual solar path through the heavens­
the ecliptic-and a sun marker was manually moved 
along the perforations to indicate the solar position 
in the heavens on the current day. The clock 's "hour 
hand " was thus the solar image, whose position 
relative to the grid was constantly changed by the 
water-controlled mechanism driving the disc. The ex­
hibition was overseen by a trident-bearing statue of 
Pose idon. 

The tower showed the time via the sundials and the 
horologion, and the date via the length of the shadows 
on the sundial faces . It thus served as both clock and 
calendar. 

-L. Robert Morris 

> 
t 

interior views , above.) Under a gran! from (he National 
Geographic Society, Price and his ft:ll ow researcher, 
Joseph V. Noble of the Metropolitan \Iuseum o f Art, 
deduced the general plan of the clock from the grooves. 
holes, and stains its fillings had left in the tower' ~ floor . 
The project was "akin to re-creatin g the workings of a 
suburban kitchen in an empty room, using the relative 
positions of electric sockets. pipe holt:s. and r.:ctan gular 
floor stains as evidence." Price remarked ill a .\'ulinna/ 

Geographic art icle describing the work. 5 

I first contacted Derek Price in 197R to obtain p.:rmis­
sion to use a diagram of the Antikythera mt:chanisrn 's 

IEEE MI CRO 



-------~-------+ 
I 
I 
I 
I A 
I B 
I r 

FRONT 
DOOR 

\. TOP 

MAIN 

BACK 
DOOR 

) 

I~ 
I Z PLATES" 

~ 
I 

K 
A 
M 
N 
I o 

I 
IT 
I~ 
I • 
I~ 
I 

PARAPEGMA 

N 

M 

Q B 

DRIVE' 
AXLE 

G 

FRONT 

BOTTOM 

RIGHT SIDE BACK 

o 2 3 4 5 6 7 8 9 10 DIGITS 
~I'-~I~'I-rl '~I~I'~I~i'~I~i'~I~!'-r+1-r41~1 
o 50 100 150 mm 

RECONSTRUCfION OF THE DIAL PLATES AND CASING 
Gf the Antikythera mechanism shGWS the dimensions Gf the Griginal 
device-abGut 6.5 X 12.5 X 3.5 inches. The instrument was de­
signed to be held Gr stGGd vertically and Gperated with a crank. 
The dial plates and internal gearing were made Gf bronze; the caS. 
ing, Gf which very Uttle has survived, was constructed Gf wood. Door 
plates covered the front and rear dial plates-bGth the dGGr and 
dial plates bGre inscriptiGns containing info.rmatiGn used in the 
GperatiGn Gf the device. The frGnt dial cGnsisted Gf a fixed inner 
ring with 12 divisiGns fGr the 12 constellatiGns Gf the zodiac and 
a mGvable Guter ring with divisiGns fGr the mGnths Gf the year. A 

gears on the cover of a minicomputer system text I had 
coauthored.6 My editor at first protested, maintaining 
that this would suggest a mechanical engineering text, but 
I noted that the Antikythera mechanism, besides being 
the first computer, was also a minicomputer. (The dimen­
sions of the Antikythera cabinet were remarkably close 
to those of the TRS-80 Model 100 Portable Computer!) 
Also, using a block diagram compiler, ANIM8, I had con­
structed an animated version of the gears for a stroke­
vector graphics system. (Price had a mechanical 
reconstruction on his desk.) I spoke to Derek Price again 
early in 1983, asking if he would be willing to write an 
article for IEEE Micro. He then revealed the existence 
of the article we are presenting here, hitherto unpublished 
and his first (and only) for a computer-related journal. 
When I asked him why the Antikythera mechanism was 
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marker was attached to. the dial to. indicate the place in the year. 
Thus, the dial shGwed the annual mGtiGn Gf the sun in the zGdiac 
and-indirectly-the risings and settings Gf bright stars and con· 
stellatio.ns throughGut the year. The back dials comprised an up· 
per dial with four mGvable rings and a IGwer dial with three mGvable 
rings. The upper dial indicated risings and settings Gf planets; the 
Io.wer dial pro.vided a phase-Gf·mGGn indicatiGn and mo.o.nrise and 
set times. The side view shGWS four pivots, N, M, B, and G, which 
co.rrespo.nd to. the pivGts indicated in the figure Gn page 20. (Draw· 
ing Co.urtesy estate of Derek de So.lla Price.) 

not more prominent in the article, he said that most peo­
ple were fairly familiar with it. This is obviously not the 
case in the computer area, and we hope that this note and 
his article will help remedy the situation. 

During a recent holiday in Greece, my wife and I made 
a point to visit the Athens museum, only to find the gears 
hidden from public view due to'gallery renovations. With 
special permission, we were able to view the fragments 
of the world's first known computing mechanism. Upon 
our return to Canada, I immediately phoned Price's of­
fice, hoping to persuade him to spearhead an attempt to 
convince the Greek government to allow the "dormant" 
gears to be put on show temporarily in the new 
Massachusetts computer museum. I then learned that 
Derek de Solla Price had died suddenly while visiting 
family in England, on September 3,1983. With his pass-
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GENERAL PLAN OF ALL GEARING illustrates the complex· 
ity of the Antikythera mechanism and the detailed nature of Price's 
final reconstruction. The part labeled "A" was a crown, or con· 

ing, we lose an original contributor to the history of 
calculating machines. In this, the IEEE's centennial year, 
it is particularly appropriate to consider the twin threads 
of mathematics and craftsmanship that tie us to the 

trate, wheel that was attached to the crank; it eneaeed the main 
drive wheel at a right angle. IOrawine counl.'S~' estate of Derek 
de 80lla Price.) 

machine designers and builders of cenruries past. And it 
is particularly fortunate that in these pages we have Pro. 
fessor Price-scientist. historian. decipherer of ancient 
machines-to trace those threads for us .• 
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SECfIONAL DIAGRAM OF THE GEARING SYSTEM shows 
the relationships among the various gear trains. The contrate wheel 
and crank are at upper left; the main drive wheel is at upper center 
and is labeled "Bl:' The number inside the diagram of each wheel 
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indicates the number of gear teeth on that wheel-45 for ~he 
contrate, for example. (Drawing courtesy estate of Derek de 
Soli a Price.) 
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