TECHNIQUES AND MACHINES

IN THE HISTORY OF COMPUTING




Preface by Bernhard Korte

In a time in which computars and robols are increasingly influencing if not farming
many technical, scientific, social and even personal domains of kife, it seems litting 1o
casl a glance at the historlcal roots and sources of the development in order to place
the spirits one has conjured up and now cannot get rid of, in the right historical
context. The history of computing is in my opinion not only a relevant part of the
history of technology but also a notable part of cultural history with all its positive and
negative sides. This exhibition .Techniques and Machines in the History of Compu-
ting™ with its in part unique exhibits from the Braunschweigisches Landesmuseum of
Art and History and from the Institut fir Operations Research der Universitat Bonn
presents an exceilent opportunity to gain insight into this fisid.

One will observe with some interest that many of the exhibits are connectad with
famous mathematicians such as Pascal, Leibniz, Schickard, Kepler and others. With
an eya on the current scientific poficy discussions it is worth pointing out that these
famous sciantists did not consider it beneath their dignity 10 deal with cogwheels,
shafts, tolerances, and nuts and bolts, and in fact spent a fair portion of their time in
this way.

This exhibition was made pessible by the enthusiastic interast of the members of the
Institut fir Operations Research der Universitat Bonn and of the Sonderforschungs-
bereich 21 which is funded by the Deutsche Forschungsgameinschaft, in particular
Michael Jinger, MS angd Gerhard Reinelt, Dipl. Inform., who have not only arranged
the exhibition but have delved into the historical sources of computing with great
historical and mathematical interest. To them | extend my particular thanks and
appreciation, My thanks also go to Rolf Paland of the Braunschweigisches Landes-
museum for making the unique coliection of computing devices avatable to us and
supporting us with his extensive knowledge. \

A modified version of this exhibirion was presented from the 12. to 29. November
1981 in tha Wissenschaftszentrum Bonn by the Deutsche Forschungsgemeinscnalt
and found great general interest. It was thus decided to present the exhibition again
on tha occasion of ha XI. International Symposium on Mathematical Frogramming
from the 23. to 27. August 1982 in the festive hall of the University. It will, 1 think, be
particularly interesting for the participants of this symposium to learn something
about the ,Techniques and Machines in the History of Computing”.

1 would like to close with a quotation of Blaise Pascal {1623-1662) who at the age of
21 constructed one of the first mechanical computers, and which in my opinion is as
relevant today as it was in the 17th century:

What the computer gucomplishes
comes closer to human thinking
than anything that animals can
achieva; but it can do nothing
which could induce us to say
that it possesses a free will

akin 1o ours.
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fntroduction

The beginnings of the history of machine zided computation can only be treated
sztisfaciorily in the general context of man's ability to count, introduce the abstrac:
notion of ,number” and calculate with these abstract quantities. Only the giant step
tfrom the distinction of .one*, .two", and -Many” to numbers in today's sense made
calculstions and the development of calculating aids possibie. The oldest known
numerals were used about 5000 years ago in Egypt and Mesopotamia. By putting
together and taking away pebbles in the sand (later the Romans celled them ,calcu-
Ii*) additions and subtractions could be carried our. But yel another ebstraction,
namely the intreduction of the digit value system, was necessary for the development
of the abacus which is still in use teday. In the first millenium A.D. the Bomans
brought the sbacus to the middle European countries.

Not until the 17. century with its significant progress in philosophy, mathematics and
mechanics did the development of more powerfut mechanical computing machines
take piace which could handle the more complicated tasks of the time.

Fram then on the development continued repidly. It took only 350 years from the
machine of the mathematician Wilhelm Schickard. whose one and only model was
destroyed by fire shertly after completion, 1o tcday's electronic computers built
woridwide in the millions. These are 350 years of great inventive activities with all
their successes and disappointments. The exhibition is an attempt to demonstrate
the development of the mecheanicz| tomputing machine by showing their outer, and
partly inner, constructicn in significant examples. Some graphics and opened models
iliuetrate the ,inner life" of the machines. The technical details and the complicated
interaction of frequently more than a thousand parts can he gleaned only after a
thorough study.

The first section of the exhibition is dedicated to the abasi of the antique world. The
Iclowing sections show the milestones of the historical development of the mecha-
nica! ccmputing machine. These are connected with the names Napier, Riese. Schik-
kard, Paseal. Leibniz, Hahn, Miller, ang Thomas.

The historical survey ends with a collection of computing devices of the Braun-
schweig firm Brunsviga-Meschinen-Werke resp. Grimme, Nataiis u. Co. from the
period 1882 to 1845, The punched-cerds technicue introduced shortly belfore that
time by Hermann Hoflerth (1860-1829) 2 well a5 the program controlled computer
already initiated by Charies Babbage (1791-1871) end the gigantic conseguences of
thew idess in the explosive development towards today's computers was intenticn-
gy omitted in order to stay within the limited historical framewerk of this exhibition.
The mejor pert of the exhibited cbjects is on loan from the Braunschweigisches Lan-
desmuseum and the others are from the collection .Geschichte des maschinellen
Rechnens® of the Institute for Operations Research of the University of Bonn.

Special thanks are due to the Braunschweigisches Landesmuseum for making most
of the exhibited objects avaiizble to the Xl International Sympaosium of Mathematical
Progremming.

cnn. August 1882 Michael Jinger
Gerhard Reinelt
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Saction 1. Antique Abaci

The unly computing aid of the antique world was the abacus. The nama stems irom
the Greek word .abakion®, meaning ,circular ptate” on which counters were moved,

The Roman abacus was used from the third century B.C. to tha fifth century A.D. and
experienced a revival between the tenth and twelfth centurias through a book whose
author later bacame Pope Silvester |i {ca. 945-1003). in spite of their widespread use
only few axamples have survived, and reporis about thaeir application are even spar-
ser. Furthermare the subdivision and digit-assignment varias on ail known pieces.
The abacus shown here has two counting grooves for the ounce and the 1/2, 1/3 and
1/4 ounca. The Roman figures far 1, 10, TUC..... 1006000 start fram the third position.
In gach position tha numerals from 0 to 9 can be represented. The upper bead
stands for the value 5 and is moved down when applicable, the four lower beads
have value 1 each and are moved up. Thus for example 9 is representad by 5+ 4x1. It
is remarkable that the Greeks and Romans usad the decimal System.

The Japanese Sorcban is - aven in taday’s form - a certain counterpart of the Roman
abacus, although dirsct connections are not known. We only know that it was impor-
ted frem China in the 7. century. The exhibited axample was mada in the 19 century,

Tha Chiresa Suanpar is considered to be one af the cidest camputing davicas i e
world. its original form with loose stones was aiready in use during the 11. century
B.C.. The Chinese also used the decimal system. The construction is similar to that
of the Aoman abacus with two additional beads on sach rod, one in the upper (value
5) and one in the lower section {value 1). Thus the carry-over from lower to uppar
compartment or from one rod to the next did not have to be pecformed immediately
and could be delayed until convenient. However, the instructions stata that thess
additional beads should be used as seldom as possible. The sxhibited example was
made in tha 3. century.

Tha Russian Stschoty differs from the abaci describad above in having ten Seads for
2ach dacada. Of course this mada the usage easigr. The two columns with 4 beads
ara for 1/4 rubals.

Abaci are used 1o this day in Eastern Asia and Russia by merchants who apply tham
nat only for acdittan and subtracticn but also use them as an aid in multiplication and
division.

Yy
e i s S el
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Homan Abacus Japanesa Abacus
L 1Z2cm, W 9em, H d.5cm SOROGAN
Original: Cabent tes Me- L 35cm. W adom H2 tem

Jarifes, Sibliothsgue
MNarenals, Paris
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Sectinn 2. Napier's calculating rods

John Napier of Merchiston (1550-1617), a Scottish lord. introduced the logarithn and
s also known as the inventor of the decimal point. As an sid for the numerous calcu-
lailons he had to perform, he invented the so-called Napier's caiculating rods (or
Napier's bonas} for multiphication and division. The rods are assembled in such a way
that the multiplicand appears in the upper row and its mudtiptes from 2 {0 9 in the
following rows. Of course, the carry-overs have to be 1aken care of by the user,

Being a very simple computing aid, Napier's calculating rods were still in use in our
century. The Theutometer, manufactured in 1914 in Worttemnberg, illustrates this. The
reference to Egypt is purely & commergial gag.

Lorg Neprer of
Merchiston (15856-1617)

Section 3. The reckoning table in the late middie ages
Having found its way to Europe about 1000 A.D., the art of calculaling by arranging
coins on lines became increasingly popular, especially among merchants.

Two pictures dating from 1491 and 1531 give an impression of such medieval reckon-
ing tables.

In the allegonical representation af Arithmetic in the Margarita Philosophica by Gre-
gof Resch (1502) we see the writien art of reckoning depicied alongside the recko-
ning beard.
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Saction 4. Arithmetic book by Adam Riese

Adam Rigse was born about 1482 in Staffelsiein {Franken) and died in 1559 in Anna-
berg. He was one ot the first ta give a description of the four fundamental aperations
of arithmetic using numerous examples from everyday life, and after 1518 published

many arithmetic books. His partrait is degicted on the frantispiece of the exhibijed
bock,

X crhgmuxg nary vey -
Tearde g3 o o
" pul‘:fl‘_:g:?l:lﬂh

Artbmetic ook by
Acam Riese fra. 1452- 1559)
Aiese, Adam: Rschenung
nacht der Leng2 quff den
T Linihan und Fadsar
Lapzig, A.LBenvalr 1350

195 o.

Section 3. Arithmetic books from 1651 to 1750

Swiss arithmetic Dook of 1531

The author H.H. Strubi ,Qrdinarium Schui- und Bechenmeister- at the German
School in Zlrich presents an intreduction to the four fundamental operaticns of arith-
metic as well s interast caiculations and weight and coin tablas.

Strubs, HH. Arithmatica: Ein naw kunstlich Recnenbuch, Serm: G. Sonnieitner 1667,
198 o
[ralian arithmaetic book cf 1685

The baok contzins numarous calculation problems illusirated by examples for pract-

=3l applications. For example, a wood engraving shows 3 baker weighing out pieces
of dough far Britchen {rolis),

Lilirg d'abaca Madand: G. Rcifa 1685, 180 p. H 152 0m W 11.0 em




Textbook on the mathematical sciences by Benjamin Hederich {1675-1784)

The book contains introductions 1o and problems in arithmetic, geometry, miitary

and civitian architeciure, sstronomy and gnomonics {ihe science of sun and moon
dials}.

Hederich, M. Benjamin: Anfeitung zu den fihrnehmsten Mathematischen Wissen-
schaften. Wittenberg v. Zerbst. 5.G. Zimmermann 1754, 456 p.

Textbook on the mathematical sciences hy Christian Wolff (1679-1754)

Christian Waiff was a professor of mathematics in Helle, where he also gave philoso-
phical lectures. In the exhibited book he gives introductions to arithmetic, geometry,
trigonometry, mechanics, optics, astronomy and algebra.

Wolt, Christian: Auszug sus den Anfangsgrinden aller Methematischen Wissen-

schaften zu bequemem Gebrauche der Anfénger. Halle: Rengerische Buchhandiung
1772 764 p.

Arithmetic book for merchants (1790}

The many different soris of coins and the various weights and measures which were
valid simuftaneously in Germany up tu the middle of the 19. century led to the cre-
ation of conversion tables for merchants.

Steffens, J.H.. Rechnungsspiegel dessen man sich im Handei uad Wandel mit leich-
ter Mdhe bedienen und darin den Preis der Dinge. die man kaufen oder verkaufen
will. gleich ersehen kann. Quediinburg : F.J, Ernst 1780, 182 p., H 17.2¢cm W 7.8 cm

Withe:im Schickard
{1582-1655)

bt i

Scotion §, The caleulating machine of Wilhelm Schickard

Wilhelm Schickard was born on April 22, 1582, in Herrenberg. He attended the !o%al
Latin grammar scheol, thea the royal seminary ‘in B‘_ebeph_aysen and aherwz;r:; 1hz
manastery school and the ecclesiastic foundztion n Tubmgen.. Already in o1 he
became magister and soon after repetilor, an_cf wgs known for his e:gcep:;gna:ofn e
gegic abilities, In 1617 he met Kepler for the tirst nrr.:e. Ktep!er‘recogmzed .15;1‘_ .
able tatemts and thought very highiy of his mechanical inventiveness and abiity as
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Calculating machine

by Withetm Schickard

{ 85cm. W 35om. H S8cm
Beconstruction: Institut

fir Schwingungsforschung,
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draughisman and engraver. He encouraged ihe young man to continue his mathama-
tical studies. In 1619 Schickard was appointed to a professorship in Habrew, Aramaic
and other biblical languages in Tilbingen. In the years 1623 snd 1624 he invented a
caleulating machine which must te considerad as tha first of its kind, Unfortunately it
was destroyed as early as 1624 by fire. Its axistence was not known until the disco-
very of the correspondence batween Schickard and Kepler. Schickard's life was
overshadowed by tha 30 years war. Twice he had to flee with his family from the
advancing troops. In the year 1634 the piague broke out in Tdbingen and his whote
family died. On Ogctober 24, 1835 Schickard also diad of the plague.

The radiscavery af the machina must be cradited to the historian Dr, Franz Hammer
who found a little drawing in Kepler's papsrs and a further skatch togsther with a
note cf instructicns for the mechanic, among Schickard's papers. He noticed that
both drawings belonged to Schickard’s l2tters to Kapler in tha years 1623 and 1824
When Dr. Hammer presented thesa discoveries ta a congress of mathematicians in
1957, one of the audience, the Tibingen professor of philosophy 8. Baron v. Freyiag
Laringhoff. succeeded in reconstructing the mechsnical details. The machine was
rebuilt according ta his instructions and a iirst model was completed for the city of
Tugingen on May 11, 1560,

Addition and subtraction can ba carriad out by entaring the summands from right to
lefl using tha big brass whaels. Mulliplicaton and givision is performzd using
Napier's rods, hera in the farm of vertical cylinders. by uncovering the appropriate
row and antering partial results and carry-overs as described above, The multiplicand
i5 stored by means of the small disks.

Schickard's ingenious idea was forgntten during the confusion of the 30 y=ars war
and in his cbituary 1t is no! aven mentionad.

Szction 7. The calculating machine of 3laise Pascal

Blaise Pascal was barn on Junz 19, 1823 in Clermoni-Ferrand and died on August 19,
1857 in Paris. The talented young scisntist made many cantributions not anly 9
mathematics and chysics. but 2150 to rafigicus philcsephy. At th2 age of 20 years hz
inventad an sight-digit hwo-speciss maching for his fathar, wino was a tax ceifacter in
tha Naormandiz. The unidiractional maching can periorm additions and subtractions
using comptamentary numbars. Numbers 2re 2ntared Oy dialling the digits inta Fhe
siahr dials with a rod. By moving the covaring sirig in the upper part of the maching
the appropriate disptay {additton or sudiraciion) is revealad and the other cavered.
The values of tha differant places corraspond io tha contemporary French monatary
systam:

. place; 12 daniers = 1 sol or sou

. place; 20 sous = 1 livre

place: nombres simples (onas)

plags: dixaines |12n3)

placa: cemainas (hundrads)

olace: millas {thausands)

niace: dixainas de milles {ten thouzands)
mace; cantaings de miles (funcrad NouUsancs)

R

Tha carry-aver grotlam (s scivad Dy 3 compiicated lever mechanism which unl-:zals
the force of gravity. Svidently it could werk oniy in the harizontal, and sirca 1t 3
raiatively unrzliabla itis sometimss suzeeciad that the maching was never fully opar-

atioral Schickard had salved the pratlem much mors satisfactorily using a on2-

1ot winast




Pascal excited considerable admiration for his machine which was sold by the Paris
mathematician de Roberval for 100 livres a piece. We do not know whether more
than 7 machines were sold. It is only known that more than 80 prototypes were built
betore a fairly operational machine evolved. Pascal degicated one of the first models
1o the chancellor Pierre Seguier, the governor of the Normandie and his father's
employer. In his letter of dedication he writes:

«Les ongueurs et les difficultés des moyens ordinaires dont on se sert m'ayant fait
penser & guelque secours plus prompt el plus facile, pour me soulager dans les
grands caiculs ol jai £t& occupé depuis quelgues années en plusieurs affaires qui
dépendent des emplois dont it vous a plu honorer mon pére pour le service de sa
Majesté en la haute Normandie, j"employai a cetfte recherche toute lz connzissance
gue mon inclination et le travail de mes premiéres études m’'ont fait acquérir dans les
mathématiques; et aprés une profonde méditation, je reconnus gque ce secours
n'était pas impossible 8 trouver. Les lumiéres de {a géométrie, de la physique et de la
méchanigue m’en fournirent le dessein, et m'assurérent que 'usage en serait infal-
lible si quelgue ouvrier pouvait former Pinstrument dont j'avais imagine le modaie *
{The tediousness and difficulty of the usual methods gave me the idea of inventing a
device to speed up and facilitate the extensive calculations with which | have been
ccoupied for several years in connection with the posts with which my father was

honored for the services that he performed in upper Normandy for His Majesty. To
this end | applied all the knowledge of mathematics that | have acquired through my
first studies and my inclinations, and after deep consideration | realized that it would
not be impossible to invent such a device. The foundations of geometry, physics and
mechanics provided me with the basis for its design and gave me the assurance that
its use would be infaliible if only a2 mechanic could construct it according to my plan.)

In return Seguier obtained for him the privilege of patent in 1847, The king of Sweden
also received one of the machines as a present,

In Machines et inventions, spprouvées par L 'Academie Royale des sciences, depuis
son établissement jusqu'é présent, edited by M, Gallon, Vol, 4, Paris, the Pascal
machine appears as one of the inventions which were presented io the royal aca-
demy of science in Paris in the years 1720 to 1726 snd subsequently published.

Blaise Pascal

Calculating machine (1623-1662)

by Blaise Fsscal

L 35.2cm. W 13 7cm. H 9.5cm
Original; Conservaroire des
Arts et Matiers, Paris
Aeconstruction
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Section 8. The caltculating machine of Gottiried Wilhelm Leibniz

The inventions of the philosopher, mathematician and {last of the) universa! geniusas
Gottfried Wilhelm Leibniz (1646-1716) brought about a major breakthrough in the
mechanization of computing. Born in Leipzig, he studied law and philosophy in his
hometown and in Jena. In 1667 he became doctor of law in Altdort, After serving as a
counsellor to the elactor of Mainz he spent about four years in Paris where he pur-
sued mathematical and scientific studies. In 1678 he was appointed librarian and
counseilor in Hannover by Herzog Johann Friedrich von Braunschweig-Lineburg. He
also served the successors of the Duke and simultanecusly was librarian at the Her-
zog-August-Bibliothek in Wolfenb(ttel. This universal genius is considered to be the
founder of the post-scholastic German philosphy. In addition he has madeg funda-
mental contributions to the fields of law, history, linguistics, politics, science and
tzchnalogy, and modern mathematics.

Without knowing of Schickard's and Pascal's machines Leibniz developed a four-
species calculating machineg. in his letter to Herzog Johann Friadrich von Hannover
he wrate: .In Mathematicis und Mechanicis habe ich vermittels artis combinatoriae
einige dinge gefunden die in praxi vitae von nicht geringer importanz zu achten, und
ernstlich in Arithmeticis eine Machine, so ich eine lebendige Rechenbanck nenne,
dieweil dadurch zu weqge gebracht wird, da alle zahlen sich salbst rechnen, addiren,
subtrahiren, multipliciren, dividiren...”. (I have by means of Combinataris found car-
tain things in Mathamatics and Mechanics which are in daily fife of no littla importan-
ce, and very especiaily in Arithmetic a machine, which | will call a living reckoring
bench, as wherewithal is achleved that all numbers add, substract, multiply and
divide themselves ...}

From 1676 to 1694 he employed the Paris mechanic Clivier and then for another ten
years Professor Wagner and the mechanic Levin on the machine. After 1715 the
mathematician Teuper in Zeliz continuad the work. It is not known how many machi-
nes were built, but it is assumed that thare were three. Two werz sent to Helmstadi
far rapair and are missing since then, the third is in the siate library of Niedersach-
sen. This piece was a¢cidentaily discoversd in 1833 while the roof of the university of
Géttingen was repaired. It was given to the well-known German calculating machine
consiructor Arthur Burkhardt in Glashatte for restauration, Bul as several parts were
missing the machine remained incomplete and tharefore not operational. However,
the genaeral concept being clear, the hcnor of having constructed the first tully
mechanical catcuiating machine for all four fundameantal operations in arithmetic must
ba credited to Leibmz. During his whole fifatime ne worked on the construction of
this machine and investad the very high amount of 24000 Taler for that purpose.

Caleuiating machineg by
Goitfried Witheim Leibniz

L 78z, W 32cm, H 15cm
Originai: Niedersdchsische
Landesbibliothek, Hannovar
Reconstruction
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The machine was based an the ,Staffelwalze” (,stepped wheel*, 2 cylinder with nine

teeth gf increr—:!sing width}. 2 principle used 50 years later by Phillip Matthdus Hahn
and still a besic parl of some of today's mechanical computing machines,

The carry—ov?er is ?edormed in paralleli and the machine is bidirectional, i.e. addition
and spptract:on differ only in the direction of rotation, For the first time multiplication
and division are perfoermed via successive additions resp. subtractions.

Fir_taily it should be mentioned that Leibniz alrezdy considered the concept of a Ma-
china arithmeticae dyadicae”, i.e. 8 machine performing arithmetic using dual r;um-
bers. which was not realized until the 20. century.The piciure in Miscellanea Berofi-
nensia ad incrementum scientiarum ex scriplis Societati Regiae Scientiarum exhibilis
edita cum figuris aeneis et indice materigrum, Berfin: J. Chr. Pape, 1710, a publication
of the Royal Academy of Science containing scientific papers and mechanical inven-

tions_ must either have been simplified or the few machines that were built differed
considerably frem each other.

Section 9. The calculating machine o. Phiilip Matthaus Hahn

Together with Jskob Leupoid (1674-1727) and Antonius Braun (1685-1727) Phillip
Matthaus Hahn is one of the most importan pioneers in the further development of
the mecheanical calculating machine.

Hzhn was Born on November 25, 1738 in Scharmhausen near Stuttgart as the son of
the lgcal parish priest. Already as a boy he was interested in geometry, aslronomy
and mechznics. After atlending the Latin schoels in EAlingen and Nartingen he enter-
ed the University of Tabingen in 1756 where he graduated as magister. In 17684 he
was sppointed to a parish in Onstmettingen. in 1770 he moved to Kornwestheim and
in 1781 1o Echterdingen where he died on May 2, 1790. His contemporaries sdmired
Hahn as an inventive mechenic. They also esteemed him as a venerable priest, but at
he same time they found him rather axcentric and strange. While dealing with astro-
nomica! machines, clocks and hydrostatic scales, he had the idea of building a calcu-
lating machine, as he teils in a litthe paper of 1770. in which he also refers to Leibniz’
gxperiments.

In the ahsolutist {pre-industrial) time of Hahn there was no real need for labor saving
gompuiting machines. Such sophisticated instruments were not meant for the offices
of merchants but rather for the art- and miracie chambers of that time. During the
baroque era computing machines were otten regarged as a constructive mechanical
proof for the philosophical world-clock-analogue. The pious priest Hahn, however,
had peither economical nor philosophical reasons for his activities, but a theological
motivation, as he wriles in his diary on August 10, 1773:

Was Rechnungsmaschine, was Astronomische Uhr, das ist Dreck! Jedoch um
Ruhm und Ehre zum Eingang und Ausbreitung des Evangelii zu erlangen, will ich die
Last noch weiter tragen™. (What's in a reckoning machine, what's in an astronomical
clock, they are neihing! But 1o eam fame and honor in epreading the Gospels | will

carry this burden furiher.)

The developmeni of the machine which began in 1770, was satistactorily compleled
in 1774 with the help of a ,studied, diligent watch maker®. In the following years
several successively improved machines were buill.

The Teutsche Merkur, 1779, pp 137-154, contains 2 detailed description of the
machine and ils usage by the invenor.
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Phillip Matthsus Hshn
(1739-1790)

in the Teutsche Merkur, 1785, pp 86-96, Habn defends his machine against the
assertion of Miller {c.f. Sectian 10), that it is not sufficiently safe. On the last pages
Hahn suggests that Miller must have known more than the outer appearance of his
machine before building his own. But he ends with the reconciling words:

_Dies soll ihm aber den Ruhm nicht nehmen, daf er grofie Fahigkeiten habe, und ich
werde auch nicht mit ihm um den Vorzug streiten, weil dieses ihn und mich wenig
niitzen wird, 30 lang man fichi soiche Talente soweit unterstiizt, daB Leute, die
dergleichen Gaben haben, ohne thr eigen Vermdgen daran zu setzen, Versuche
machen kénnen.* (With this | do not however wish to discount the fame of his great
tatents, and } will not squabble with him about priority, as this would benefil neither
him nor me so long as such talents are not supported to the extent that persons
endowed with such gifts are able to persue their researches without ¢ost o tham-
selvas)
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Calcuiating maching 5y
Jopann Helfreich Midar
{1745-1330}

3 32cm, M 15

Criginal: Landasmuseuri
Darmstact
Heconstruciion
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Calcuiatng macning by

Bhiflin Matthdus Hann

& FH.scm, H 21.5cm

Original. Qeytsches

Mussum. Aunchen

Recorsiruciion

"\""_‘-;m = scucn 10. The calculating machine of Johann Helfrzich Mulier

Johann Heifreich dMilier (1745-1830) was =nginaar and archiiact in Darmsiadi in
1783 he built a caleulating maching which was very similar to that of Hdahn. In his
.Baschreibung giner neu erfundanen Rechenmaschine, nach ihrsr Gastalt, ihram
Gebrauch ung Mutzan® (Description af a newly invented calculating machine, i3
appearance, its usage and its acdvantages) he writes:

_Da ieh nun varmutete. daf der erwannte Herr Hahn nach sginar beinahe sizbenjah-
rigen Artait und vislen unvallksmmenan Varsuchen den ainfachstan und sicharstan
Weg gefunden haoen wirde: Sa durchging ich nochmal die in dem Teutschan Mer-
kur eingeriickie Beschreibung ven der 3ufferen Gestalt und Behandlung sainer
Maschine, in der Hoffnung, dad welleicht eina von mainen ldaen mit dem AaBlarn
jener Maschine ubereintreffen wirde. Meine Hoffnung wurde 2rillit und ich arbeitete
nun diese Idee glicklich aus.” (As | could assume that the Herr Hahn mentioned
eartiar had. after nearly saven years’ work and numerous unsuccessful attempts,
found the simplast and surast salution: thus | once again sxamined the description
given in the Teutsche Merkur of the outer appearancs and usage of his machine, in
the hape that one of my idaas would be in agreemant with the extzror of that mache-
ra. My hogas were iulfiliad and | was forunately agie o reslize my idsas)

—_



Hahn, however, asserted that Maller must have known more than the outer appear-
ance cf his machine, and a priority strugale ensued which however was fought only
in the papers and not in court, there being no patent laws at that time {c.f, Secticn 9).
Even if Mlller really knew more about the Hahn machine than its description in the
Teutsche Merkur, we siill have 10 acknowledge his improvements and his ingenuity
as @ mechanic. The exhibited single parts and the open section show the inner con-
struction and provoke admiration for the highly developed precision mechsnics of
that time.

Section 11. The caiculating machine of Charles Xavier Thomas

Charles Xavier Thomas [1785-1870) of Colmar in Alsace was the founder and director
of two Paris insurance companies. In 1820 he applied for a patent for his newly con-
structed calculating machine, called Arithmemeéire, and in 1827 he submitted it to the
Sociéié d'Encouragement pour I'industrie Nationale in Paris for appraisal.

The machine uses the stepped whee! of Leibniz but unlike the Leibniz machine it is
unidirectional having a switch for addition/multiplication and subtraction/division.

The Thomas Arthmometre was the firgt calculsiing maching made in targe numberss
for general szle. In the following years sbout 1500 continuously improved machines
were built and were on sale untit the baginning of our century. Before the foundation
of Arthur Burkharct's firm in 1878 the Thomas tactory was the only one in ihe calcu-
lator business. In the Suletin de lz Sociéte d Encouragement pour ndusirie Natio-
nale (1878), pp 555105 a detzded description of the Thomas maching was pub-
lished. The piciure gives g good impression of the inner construction.

Calcuiating mactine by
Charles Xavier Thomss
Lt 57cm, W 17cm, H 3.5cm

Charfes Xavier Thomas

{1785-1870)
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Section 12. Adding machines

Besides the calculating machines for the four fundamental operations of arithmetic
shown so far, thera have since a long time aiso been special purpose devices for
addition and subtraction only. Espacially in the field of commercial arithmetic they
wara in widespraad use. We show three early examples.

The adding and subtracting device of Christian Ludwig Gersten was invanted in 1722,
Gersten was professor of mathematics in Gieen. The original of the machine in
Darmstadt was destroyed in the second world war and the reconstruction shown is
the only existing piece.

Adding machine GEASTEN (1722}, reconstruction, ariginal destroyed in the second
worfd war, L 37.2 cm, W37 cm, H 7 cm

The adding and subtracting device of israel Abraham Staffel is befieved to be can-
structed in Staffel’s hometown Warsaw. It is one of the rare eastern European pie-
ces

Adding machine STAFFEL (1845, [ 25 cm. W25 cm, H 8 cm

The comptometer of Darr £. Feit, invented in 1885 in Chicago . was the paginning of
the development of key driven adding machines. As the keys may be pressed simul-
taneously this was a fast way to perfarm additions. By moving the hand one place to
the left or right while retaining the fingers in the same position relative to each cther
multiplications could also be performed. For training the necessary manual skill there
were special comptameter schools.

Adding machine COMPTOMETER { 1987}, L 355 crn, W20.3 cm, M 12.5 cm
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Adging machine by
Christian Ludwig Gersten
722

L 37 2¢cm, W 37cm, A /cm
Qriginal castroyed in
World War ff
Raconstruciion

Il S

Section 13. Threa calculating machines from the years 1820 19 1903

in the twenties the construction of calculating machines had spread ali over the
world. About 50 firms worked in this difficuit fisld of precision mechanics with mare
or less success. The three exhibited machines have teen chosen (o point out early
examples of diffarent ypes.

Arthur Burkhardt of Glashittte was the first in Germany to manufacture a. Thomas-
type machine for fargs scale commarcial digtribution. The Burkhardt Arithmomater
was built in continuously improved versions from 1878 to 1929. The exhibited
machine is an early pieca having serial number 324.

Calculating machine BURKHARDT (1880} L 59 cm, W 18,8 e, H 102 cm

A cifferent maiar principle, the wheel with a variable number of teeth, was used in the
construction of the Monopol Simplex by Waldemar Hainitz of Dresden. its unigqua
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teature is the handle on the left hand side which aliowed the right handed operator to
wrile down the results while computing.

Csicufating machine MONOPOL-SIMPLEX (1894), L22 cm, W 17.5 em, H 125 cm

The Gauss machine made in Beriin by the Mercedes Bureaumaschinenwerke was
developed by the successful German calculating machine constructor Christel Ha-
mann in 1905. instead of using a Leibniz stepped wheel for each place, we here have
2 single circular piate with nine concentric arcs containing one fo nine teeth. Clearly
this arrangement was only useful for circular machines.

Calcularing machine GAUSS (1805). diameter 14 cm, H (v cm
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Caleulating machine
MONOPOL-SHAPLEX

1854

L 29cim, W 17.5cm. H 12.5cm

Sectlon 14. Brunsvige-Calculators

After Arthur Burkhardt in Glashitie, the firm Grimme, Natalis & Co. sterted the
second series of ltarge scele celcutator manufaciure. Having acquired the German
patent of Willgodt Theophil Odhner for the wheel with a variable nurmber of teeth,
they were able to build more compact and commercially very successful calculating
machines with the brand name BRUNSVIGA. The production staned in 1892 and the
machines underwent continucus technical improvement under the guidance of the
technical director Franz Trinks, & very inventive engineer. Trinks was aiso¢ the founder
of the calculsting machine museum in Braunschweig, now in the Braunschweigi-
sches Landesmuseum, the permenent home of moest of the exhibited pieces.

Calculating machine BRUNSVIGA B (1832}, L 29 cm, W 155 cm, H 12 cm
Calculating machine BRUNSVIGA M 24 (1924), L 23 em, W 135 cm, H 12
Calculating machine BRUNSVIGA 132 (1932), L 29¢cm W23cm H 168cm

Calcuiating machine BRUNSVIGA 13 £K (1846}, demonstration model, L2%cm, W.3
cm, H 16,5 cm

P B - o

Calcideting maching
BRUNSVIGA B

1892

L 2opm, W 1h5cm H 1Zem L
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