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Editors' Foreword

This volume, the sixteenth and last in the current series produced for the
Charles Bahbage Institute Reprint Series for the History of Computing, was
one of the first to be suggested by the editorial board but last to be published
because of the extreme difficulty of doing a proper translation and because
the rarity of the book hindered our efforts to find a copy that would provide
the quality of illustrations that we wanted. The original 1925 German edition
is all but unknown in North America, extremely rare in Britain, and difficult
to obtain on the European continent." A photographic reprint was produced
in Germany several years ago, but an attempt to produce third-generation
copies of the illustrations, many of which originally came from poorly pro-
duced advertising copy in the first place, was out of the question.* Thus the
project languished for several years until the editor-in-chief asked us if we
could complete the project, which had been started and abandoned several
times.

The copies we have seen are in very poor shape. They were printed on high
acid paper and both the paper and bindings are deteriorating rapidly. The
pages are yellowed, becoming brittle, and the book may not be used freely
without serious danger of damage.

@ 1992 by The Massachusetts Institute of Technology and Tomash Publishers. This work

ariginally appeared in German under the title Die Rechenmaschinett und ihre
Entwicklungsgeschichte. © 1925 by Johannes Meyer. Pappenheim.

All rights reserved. No part of this book may be reproduced in any form by any electronic
or mechanical means (including photocopying, recording. or information storage and
retrieval) without permission in writing from the publisher.

This book was set in Times Roman by Asco Trade Typesetting Lid., Hong Kong. and was
printed and hound in the United States of America.
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Office Machines in the Workplace

During the first quarter of the twentieth century, the use of office machines
became common in American and European business, government, and sci-
ence. Typewriters. calculating machines, and filing systems, which had first
become commercial products in the nineteenth century, gradually were
adopted by actuaries, government officials, scientists, and businesses. Even
small shopkeepers came to keep accounts and purchased cash registers and
adding machines to record transactions. Larger concerns invested in book-
keeping and tabulating machines.'

From its inception, the office machine industry was international in char-
acter. The first calculating machines sold regularly were the arithmometers of
the Frenchman Charles Xavier Thomas, introduced in 1820. An 1879 article
on the arithmometer indicates that some 60 percent of Thomas's machines
were exported from France.* By 1900, much of calculating machine manu-
facture had shifted to Germany and the United States. A tally of the inventors
and manufacturers listed by Martin, grouped by date of founding and nation-
ality, suggests this trend:
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Number of new manufacturers or inventors
Other nationality

Time period  Germany  United States  ornationality unknown

1871-1880 2 6 3
1881-1890 7 8 8
1891-1900 6 4 4
1901-1910 18 31 15
1011-1920 16 15 11
(1921-1925] 23 10 5

These data are at best a very rough indication of the relative importance of
the German and U.S. calculating machine industries in the periods indicated.
As we will suggest further, Martin’s selection of nineteenth-century machines
apparently was heavily influenced by the historical accounts available to him
and may have overemphasized German and American contributions as a re-
sult. Nonetheless, the importance of Germany and the United States to cal-
culating machine production in the period is confirmed independently by
looking at trade literature and surviving machines.

As one would expect, national and international politics affected trade. Of
particular relevance here are the severe restrictions on the import of type-
writers and calculating machines into Germany that were in effect from 1914
until 1925.% Once the immediate impact of World War 1 had abated, this
undoubtedly fostered the creation of new companies in Germany. At the same
time, the loosening of German import restrictions in 1925 almost certainly
fostered interestin Martin’sreview of calculating machines available through-
out the world.

Earlv manufacturersof business equipment had sold their machines directly
or through a few agents. If a machine broke, the owner could hire a local
mechanic to repair it or return the instrument to its maker. As the market for
office equipment grew, shops specializing in repairs and in the sale of used
machines appeared. At the same time, some dealers came to sell more than
one kind of machine.

Long before 1925, the expansion of the office equipment business, the
diversity of products on the market. and the emergence of firms that repaired
and sold several different kinds of machines had created a demand for jour-
nals. handbooks, directories, and other literature on office machines. Manu-
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facturers published advertisements, manuals for users, booklets for factory
workers, guides and magazines for salesmen, and instructions for repairmen.
In the 1920s, Burroughs Corporation even published a more general maga-
zine, entitled Business, intended for potential and existing customers.

Publishers in several countries saw a need for more independent trade jour-
nals. For example, in 1898 Otto Burhagen of Hamburg, the author of a book
on typewriters, founded Schreibmaschinen-Zeitung (Typewriter News). The
journal’s title soon was expanded to Zeitschriftfur Burobedarf (Magazine for
Office Supplies). When Burhagen died in 1906, his journal was carried on
by other family members.®

In 1908, Friedrich von Schack founded the weekly Biiro-Bedarf-Rund-
schau (Office Supply Review) in Berlin. This publication was closely asso-
ciated with national organizations of office machine dealers and stationers.
Yet a third German journal, Béro-fndustrie (Office Industry), began in Berlin
in 1913 as the house organ of a German association of manufacturers and
dealers.

Similar magazines emerged in the United States. In 1904, G. H. Patterson
and E. M. Best of New York started the Typewriter Trade Journal. The fol-
lowing year, E. C. Thurnau bought out Best’s interest in the journal, moved
it to Chicago, and changed the name to Office Appliances. This magazine
emphasized use of office equipment in the United States. Convinced that
some readers were more interested in the international trade, Best founded
Typewriter Topics: The International Office Equipment Magazine. Both jour-
nals survived into the 1920s, although they would suffer in the depression
years.” Similarly, in 1909, the Frenchman Gaston Ravisse established Mon
Bureau (My Office).

The editors of these journals encouraged the office machine business in
other ways. In addition to the weekly B. B. R., von Schack published an
annual office appliances directory that, in 1928, included 6500 German office
appliance, typewriter, calculating machine, and stationery manufacturers and
dealers. For a time, Best edited a journal for the U.S. office equipment trade,
entitled Business Equipment. In 1927, he encouraged James H. McCarthy’s
publication of The Business Machines and Equipment Digest, a compendium
describing typewriters, calculating machines, and related products. More-
over, both his Typewriter Topics and other trade journals routinely reported
on office equipment fairs. Ravisse went one step further, and organized an
exhibition to be held regularly in Paris.*

Johannes Meyer, a publisher in the German city of Pappenheim, was well
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aware of the new interest in office machines and set out to give full credit to
German contributions in this area. Several titles he distributed are mentioned
by Martin. Two concerned specific calculating machines, namely those of
Phillip M. Hahn and C. X. Thomas.” The third was a general account of
calculating machines and machine calculation by K. Lenz.* As Martin indi-
cates in the preface to Die Rechenmaschinen, office machine dealers were not
primarily interested in either the achievements of eighteenth- and nineteenth-
century inventors or the general principles of calculating machine design.
They needed to know how old various machines were, what they could do,
how much they cost, and where they could be ordered.

To answer these specific questions, Martin wrote two books, both of which
were published by Meyer. The first, Die Schreibmaschine und Ihre Entwick-
lungsgeschichte (The Typewriter and Its Developmental History). was pub-
lished in 1921. Regularly updated, it had reached its fifth edition in 1934 and
was revised and reissued as late as 1949. Martin's second endeavor, the vol-
ume translated here. was his developmental history of calculating machines.
It first appeared in 1925 and was republished, with an appendix, in about
1937.

Martin's Die Rechenmaschinen

In his preface Martin says that he has been collecting information about cal-
culating machines for the past twenty-five years. His compilation of this in-
formation makes for a curious book. After an introduction that describes the
seven major types of machines that had been produced by 1925, he offers a
list of specific makers, arranged by the date when they first patented or pro-
duced a calculating machine. These entries appear to be notes Martin took in
the course of his researches. They do not have a standard format, nor does
information always follow in logical sequence. Several of the entries for the
more advanced equipment show unmistakable signs of being purposely writ-
ten for this volume, but the majority are obviously lightly edited versions of
his notes, with no regard for having a consistent set of facts for each machine.

For the period before 1900, Martin relied heavily on earlier books. Some
of these were accounts of specific machines, such as the works on Thomas
and on Hahn mentioned above. Another important source appears to have
been Le Culcul Simplifié by the French professor P. Maurice d’Ocagne.'' For
American machines. Martin apparently relied heavily on J. A. V. Turck’s
Origin of Modern Calculating Machines. " He also could draw on L. L.
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Locke's accounts of the work of F. S. Baldwin.'* As one might expect, the
machines Martin included reflect his sources. For example, Turck was closely
associated with Dorr E. Felt, inventor of the key-driven comptometer. His
book, and hence that of Martin, included an account of several early patented
key-driven machines that never sold in quantity. Martin included these, but
made no mention of perhaps equally obscure but more sophisticated machines
patented in the United States by Edmund Barbour (patent 1872) and Ramon

Verea (1878).'* We mention this simply to suggest that Martin himself made

no systematic attempt to research patent records but rather relied on the work

of others.

Perhaps the most glaring omission from Martin's historical remarks is the
machine of Schickard. However, it seems more appropriate to commend Mar-
tin for drawing together the information he could find than to fault him for
neglecting machines that were essentially unknown in his time. There are
several occasions when Martin obviously knew of the existence of a particular
machine but was unable to locate any details. For example, he described
machines in the private collection of the American Dorr E. Felt, but appar-
ently did not know that they still existed. Two examples of machines in this
class are the Schilt adding machine and one of the Bollée calculating ma-
chines. For most important machines prior to 1900, Martin attempts to pro-
vide us with details of the development of the device, and particularly of the
people involved. He occasionally cites secondary sources at length and some-
times even acknowledges them by title. We have simply translated Martin's
German rendering of these sources as best we could, without attempting to
locate. and work from, the original documents. The reader should therefore
be cautious in accepting this translation as representing the original from
which Martin obtained his data.

The machines on the market in the years 1900 to 1925 are the ones Martin
obviously knew best. When describing these devices, he is usually sure of his
facts and often quotes market prices. He sometimes provides little extra notes,
which could only have come from personal knowledge and experience of their
use. It is this section of the work that provides the most reliable data and will
be most useful for both scholars of the history of this subject and the collector
of these devices wishing more information on their use or restoration.

This volume provides a very fine German picture, frozen in time, of the
state of the mechanical calculator industry in 1925. However, like ail such
pictures, it is subject to a little distortion. Martin does not claim to be com-
plete in his coverage of the field. Several machines produced by small firms,
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particularly those outside of Germany and variations on a theme or different
models produced by one firm, may very likely have been missed. One sur-
prising omission is the new accounting machine that had been introduced by
National Cash Register of Dayton, Ohio, and would become one of that com-
pany’s most important products. Otherwise, considering the restrictions on
imports in effect during the time he was writing, Martin gives remarkably
good coverage of contemporary American machines. At the same time his
pride in German achievements is evident.

Some of Martin’s statements could have been taken directly from promo-
tional literature. For example, he wrote that “simple operation and safe-
guards; which rule out any calculating errors, make the Rema a first class
calculating machine,” described Brunsviga’s Trinks Triplex R model as
“practically indispensable for scientific calculations,” and commented that
the Mercedes-Euklid machine “has not only overcome the defects of other
machines, but possesses a multitude of other improvements.” Indeed, he may
well have been pressed to include extra material on machines produced by
those firms that helped to sponsor the book. A glance at the advertisements
following the index will show that this publishing venture was partially un-
derwritten by several of the largest producers of this kind of equipment. One
should note, however, that only one of the three machines just mentioned was
advertised in the book.

Translation and Editing

Ernst Martin produced an updated version of this work in about 1937, which
was actually the original work with an appendix containing information on
more recent machines. We decided to translate only the original 1925 edition
for several reasons. First, the later edition is even rarer than the original, and
this made the effort of obtaining a copy with figures suitable for reproduction
much more difficult. Moreover, the later volume contains little that is new—
the machines included were mostly minor modifications of ones described
earlier. The National accounting machine is still not mentioned, and new ma-
chines like the Friden are omitted. Those seriously interested in American
calculating machines of the period would do better to seek out the volume
published by the Office Machine Research Service between 1937 and 1940."
If necessary, the material Martin published in his appendix can be found in
the photographic reprint already mentioned.

Editors’ Foreword
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As we mentioned, translating this volume presented several serious diffi-
culties. The first was that Ernst Martin’s German, while undoubtedly accept-
able. was not always consistent. He was fond of using mechanical
engineering terms that were dated by the turn of the century; he often used
his own quaint descriptive phrases for parts of the machines and did not keep
to a consistent style in his notes. All of these factors add to the difficulties of
reading, to say nothing of translating, this work. We attempted to find Ger-
man speakers to help us with any questionable points, but there were several
occasions when native German speakers, knowledgeable in the subject area,
frankly admitted that they could not understand what Martin was trying to
say. Faced with difficulties of this nature, we produced a translation that we
believe makes technical sense although it is not always truthful to the original.
There were several occasions when we were forced to admit complete defeat,
and these are noted in footnotes.

We were very fortunate in having access to the extensive collection of cal-
culating machines and equipment in the National Museum of American His-
tory at the Smithsonian Institution. When particularly difficult translation
problems occurred, we could occasionally resolve the matter by inspecting a
machine, or one similar, from the collection. Although we have made every
effort to provide accurate translations, we can not guarantee that all state-
ments are in accord with the actual nature of the equipment being described.
We know that Martin often worked from secondary descriptions and drew
together a scattered literature. In addition to the translation problems, we have
no guarantee that he was always entirely correct.

Ernst Martin used footnotes in his original German text. We have consis-
tently incorporated them into the main text in order to leave the footnote space
available for us to use. We have used footnotes to provide extra information
on a device, provide some clarification as to the present (1991) whereabouts
of a device, correct blatant errors, and simply to admit defeat in the transla-
tion process.

We have not attempted to polish the English version to remove all traces
of Martin’s rather difficult style. While this has occasionally resulted in a
work that would give the shudders to an English grammar teacher, we feel
that it is indicative of the original and thus should be left to give at least some
feeling of what the original was like.

The figures retain the same numbers as in the original text. Where Martin
had obviously missed, or decided later to add, additional illustrations, he
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simply put the letter “a” or “b” after the number to differentiate it from an
earlier figure. Rather than attempting to renumber all figures and their refer-
ences, we have simply kept, with one exception, his system. The single ex-
ception concerns two figures that were obviously interchanged —we have
corrected them and noted the correction in a footnote.

Notes

[. The authors know of three copies of Martin’s book that reached the United States. One.
used in preparing a microfilm edition of the book. was in the library of the National Bureau
of Standards (now the National Institute of Standards and Technology). A second was in the
personal library of Dorr E. Felt of Felt and Tarrant. A third was owned by Rurroughs Cor-
poration. The second and third copies are now in the collections of the National Museum of
American History. Smithsonian Institution. Curiously, there is no copy of Martin in the sur-
viving library of Leland L. Locke, perhaps the leading American historian of computing of
his day. We thank the library of Grove City College in Pennsylvania for this information. We
have made no systemaltic attempt to discover copies of the book.

2. Published by Wolfgang Koentopp. Meierfeld 4, D-4817, Leopaldshoehe, Germany.

3. On the transformation of U.S. government offices, see C. Stephens and S. Lubar, “A
Place for Public Business: The Material Culture of the Nineteenth-Century Federal Office,”
Business and Evonomic History, 1986. ser. 2. 1S:165-172. On the rise of accounting prac-
tices in U.S.business. sec S. Strasser. Satisfaction Guaranteed: The Making of the American
Muass Markei, New York: Pantheon. [989. On tabulating equipment, see M. Campbell-Kelly,
“Punched-Card Machinery.” Computing before rhe Compurer, ed. W. Aspray, Ames: lowa
State University Press. 1990, pp. 122-125. See also A. L. Norberg, “High-Technology Cal-
culation in the Early 20th Century: Punched Card Machinery in Business and Government.”
Technology and Cudiere, 1990, 31:753-779.

4. Sehert, “Rapport . . .sur la machine acalculer, dite arithmometre.” Bulletin de la Societe
d" Encouragement pour {industrie Nationule, 1879, 78:406.

5. See R. Siering. “German Industry and the Markets of Germany.” Typewriter Topics.
1925, 59:19-20: A Zeiss. “The Importance of Business Machinery Thoroughly Recognized
in Germany." Typewriter Topics, 1925, 59:28-29; and M. L. J.. “Germany as a Market for
Office Equipment.” Typewriter Topics, 1925, 61:12.

6. E. Martin. Die Schreibmaschine . ., Aachen: Peter Basten, 1949, p. 437.

7. Apparently American office supply dealers did not organize as early as those in Germany.
The National Oftice Machines Dealers Association (NOMDA)was founded in 1926 and first
published a journal in 1938. See: The Parude of Progress. NOMDA's First 60 Yeuars, Kansas
City: NOMDA | ca. 1956,

8. ““Twenty Years for *"Mon Bureau‘.” Typewriter Topics, 1929.73:11. On the later years of
Ravisse. see the obituary *Gaston Kavisse,” Bureun-Bedarf-Kundschau. (935, 28:27 1.

9. M. Engelmann. Leben und Wirken des . . . Philipp Mutthaeus Huhn, Berlin: Schmidt &
Co.. 1923; and F. Reuleaux, Die sogenunnte Thomas' sche Rechenmuschine, Leipzig: A.
Felix, 1892 (this is the second edition).!t is not clear whether Meyer published new editions
ot these hooks, or simply distributed copies available to him.

10. K. Lenz, Die Rechenmaschinen und das Maschinenrechnen, Leipzig & Berlin: B.G.
Teubner. {915,
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Introduction

What do we mean by the term calculating machine? We all know, from our
early schooling, about those primitive calculating machines, consisting of
strings of wooden beads, that were used in antiquity in Egypt and nowadays
are used not only in Germany but in all civilized countries and beyond. It is,
erroneous to term this instrument a calculating machine because it lacks the
characteristics of a machine. This is also true for a series of devices such as
calculating drums, calculating disks, slide rules, and adding machines with
hook-operated tens-carries, all of which lack the characteristics of a machine.
Devices such as these should not be termed calculating machines, although
manufacturers sell them as such.

In the calculating machine trade. particularly in European countries and in
the United States, it has become customary in recent years to call only those
products that possess automatic tens-carry by the term calculating machine:
if this feature is missing, the term cafculating aid is more appropriate. This
book will describe only the former, while the latter will be dealt with ex-
haustively in a separate volume under the title Andere Mechanische Rechen-
hil{smittle (which is to appear in 1925)."

It should be noted that among these calculating aids there are many that are
very useful in performing calculations, be they additions and subtractions or
multiplications and divisions, or all four basic calculation types together.
Thesc calculating aids have the particular advantage of usually being wnex-
pensive, whereas the cost of calculating machines usually runs into the
hundreds of Marks, depending on their ability to perform different operations.
Some calculating aids may even be more useful than calculating machines
because they permit various results to be read without special operations being
performed.

It is necessary to discuss the termy calculating machine still further in order
to avoid misunderstandings and errors. In the broadest sense, calculating ma-
chines are understood to be machines that are equally suited for the perfor-
mance of multiplication, division, addition. and subtraction. The tcrm also
applies to machines that are normally intended for addition and subtraction
only and do not permit the operation of multiplication, or. if they do, only as
a makeshift or less advantageous operation. In a narrower sense, however,
we term only the former ones calculating machines. with the latter ones form-
ing a separate class under the term adding machines. Adding machines are

L. Other Mechanical Caleulating Aids. The editors can find ro evidence that this volume
was ever published.
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primarily intended for adding and usually, although not always, for subtract-
ing. Such machines may permit the operations of multiplication and division,
but in this respect they cannot compete with calculating machines proper.
Calculating machines are able to carry out all four fundamental operations
with great rapidity.

Adding machines have, nevertheless, found a much wider distribution than
the more comprehensive calculating machines. This is due to the fact that, in
commercial life, the addition operation plays a significant role and is much
more important than the operations of multiplication and division. This is
most easily seen in the long series of additions required in the columns of the
accounting books of industrial enterprises, trading companies, banks, and so
on. Adding machines, especially the printing ones,? frequently were devel-
oped into bookkeeping machines, and still others are employed for writing
out monthly balance sheets and the like.

It is not my intention to develop a classification of machines, because even
if a relatively large number of classes were established, a considerable num-
ber of machines would remain that still did not fit into any one of them. It is
intended, however, to describe in detail, in what follows. the basic principles
of

» calculating machines with stepped drums,

« calculating machines with pinwheels,

« full-keyboard adding machines with printing mechanisms,

* ten-key adding machines with printing mechanisms,

» small adding machines with stylus setting, key setting, or direct setting
mechanisms.

These categories cover most of the existing calculating machines, and any-
one familiar with these basic principles will find it easy to understand the
brief descriptions of the individual systems that are to follow in chronological
order. Machines that materially differ from those listed will be dealt with in
greater detail.

2. Martin’!: English-speaking contemporaries described adding and calculating machines
with a printing mechanism as fisting machines. We have chosen to stick with printing as
being closer to Marlin’s original German.

Introduction 3

Figure |

The Stepped Drum Machine

This is usually called the Thomas machine, the Glashutter machine, or (es-
pecially in France) the arithmometer. The term Thomas machine is, however,
only justified to the extent that Thomas improved the machine according to
his own ideas and manufactured and marketed it commercially on arelatively
large scale. The Thomas machine is not a separate or new system; it exhibits
the main characteristics of an older machine by Parson Hahn still in existence
today.

Originally the stepped drum machine was furnished in a wooden chest hav-
ing a lid with lock and key. Today it is usually built into an iron frame with
legs. Figure 1 shows an older model of the Saxonia machine, one type of
stepped drum machine.

The main parts are the cover or setting plate with the setting slides mounted
in slots, two rows of windows, the crank, and the reversing or control lever
for the Add-Mulr and Subtr-Div settings. Below the cover plate are mounted
the staggered or stepped drums, a single-digit example of which is shown in
figure 2, from which the machine (and in fact the whole class of machines)
derives it5 name. Figure 2 also shows the setting gear, which may be moved
along a square shaft and is connected by a fork to a setting slide mounted
above the cover plate, and the result mechanism. The revolution counter and



4 Introduction

Figure 2

the drive mechanism, although integral parts of the machine, are not shown
in figure 2. A machine having eight setting slides and an equal number of
setting slots requires the same number of setting gears and square shafts, an
equal number of stepped drums, and at least as many windows in the result
mechanism (probably it will have several more), while the revolution count-
ing mechanism is usually less extensive. A single crank imparts rotational
motion to all stepped drums at once. There are machines having six, seven,
eight. nine. ten, eleven, and even more decimal places.

As may be seen from figure 2, the stepped drum possesses nine teeth stag-
gered in longitudinal direction and disposed over a third of its circumference.
The drum turns about the shaft upon which it is mounted. The square shaft
positioned above each drum is mounted to rotate freely, and on this shaft is
the setting gear, capable of sliding back and forth to engage different numbers
of teeth on the drum. Two larger vertical bevel gears are also mounted on this
square shaft toward the end containing the result mechanism. These bevel
gears may be shifted so that one or the other will engage the teeth of a hori-
zontally positioned gear and this will, in turn, rotate a numeral dial. mounted
above, either to the left or to the right so that any one of the ten digits on the
dial may appear in the window of the result mechanism.

Returning to the setting plate on the top exterior surface of the machine, to
the left of the setting slides there is a control knob or lever that may be moved
into either of two positions. When the lever is set to Add-Mu/[.the machine
adds (multiplication is nothing but continued addition). and when the lever is
set to Subtr-Div, the machine subtracts (division is nothing but continued
subtraction). In the following example. the lever is to remain in the Add-Mult
position.

The digits O to 9 may be seen alongside the setting slide slots. Let us, for
example, shift one of the slides on the cover plate so that it is positioned
opposite the numeral 3. The slide shifts the setting gear below the cover plate
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by the same distance. If we now turn the crank, we will simultaneously turn
all stepped drums of the machine. There is no significant resistance to this
movement because only one of the drums, namely, the one above which the

value 3 was set. has to turn a setting gear shortly after rotation commences,.

that is, as soon as the corresponding tooth of the drum comes against the
setting gear. The setting gear, in turn, rotates the square shaft and transmits
rotational motion to the rear-most of the vertically positioned bevel gears,
which. in turn, acts upon the horizontally positioned gear and thus turns the
dial three teeth, or digits, ahead. In the window positioned above the dial.
which had previously shown a “0,” now shows the digit 3. All the other
stepped drums participate in this rotational movement blindly. If we wish to
add 5 to the value 3 appearing in the window, we only have to shift the
previously used setting slide to the digit 5, turn the crank once, and then we
may read the result 8 in the window. Since the machine shown in figure | is
arranged for six decimal places, we may set up and add six-digit numbers.
However, for very small values, for instance single-digit values or two-digit
numbers, it actually takes more effort to use the calculating machine than to
do the job by hand.

As previously mentioned, the cover plate possesses two rows of windows
through which are visible a result mechanism and a revolution counting mech-
anism. (The action of the result mechanism has been explained.) However,
having set up the digit 3 with the slide and having set this value into the result
window above the corresponding row of digits by a clockwise turn of the
crank, the window of the revolution counting mechanism (below the result
window) will show the numeral |, which indicates that the crank has been
turned once. The revolution counting mechanism is not actually required for
addition or subtraction—it may, at best, serve as an item counter because only
one turn of the crank is necessary for every item to be added or subtracted.
However matters are quite different with multiplication and division, as will
be explained.

Let us assume we are to add 4 to the value & that appears in the result
window. This does not seem possible because the result counting mechanism
exhibits the digits 0 to 9 only. When we move the slides of the respective
setting slot to 4 and turn the crank. the tens-carry mechanism, provided on
the dial between the digits 0 and 9. engages the next decimal place to the left
and advances its dial by onc digit, so that the left window will show the value
I and the right one will show the value 2, i.e., 12. All decimal places in the
machine are, of course. provided with the tens-carry mechanism. and it
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should now be clear why the machine possesses more counting mechanisms
than setting slides.

It may be mentioned that the tens-carry mechanisms in the different places
do not act simultaneously, they act successively, and it is for this reason that
the circumference of the stepped drums is materially larger than the provision
of nine teeth would require. It is not until after all the drum teeth have finished
interacting with the setting gear that the carry of a ten at a preceding place
occurs, if necessary. The tens-carry is the most critical point of any calculat-
ing machine. and when buying a machine it is advisable to check whether its
tens-carry mechanism is truly reliable. Unless the machine is provided with
a tens-carry mechanism’forits last digit position, one should check that it is
equipped with what is termed “tens-warning,” so that the operator may assist
in carrying the tens as necessary.

The digits O to 9 are indicated on the revolution counter twice, once in
white digits and once in red digits. The white (addition) digits appear in the
windows during addition and multiplication, and the red (subtractive) digits
appear during subtraction and division. The reason for this is that the revo-
lution counter does not have a tens-carry mechanism, like the result counter
mechanism. Thus, such machines do not properly indicate the multiplier dur-
ing the operation usually termed shortcur multiplication (although it does in
ordinary multiplication), for which reason an appropriate correction must be
made, namely subtraction of the red digits from the white ones.

It only remains to mention the two knobs at the right and at the left of the
row of windows—the left knob is the handle that allows lifting of the result
mechanism carriage® (during the operations of multiplication and division4
and shifting it from one digit position to the next. By turning the right knob
to the right, all windows of the result mechanism can be set to zero. The
windows of the revolution counter have to be individually turned to zero, in
the machine illustrated in figure 1, by setting knobs above these windows. It
should be mentioned, however, that this zero-setting mechanism has long
been replaced by something better. In the stepped drum machines of today
the result mechanism and revolution counting mechanism may be set to zero
by pressing a lever.

3. The original German term was /ineal, which means ruler or guide—we have chosen to
translate this as carriage.
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Addition

As an example of a nontrivial addition operation, consider the problem of
adding together the following two six-digit numbers: 245,377 + 835,576.
The digits 7, 7, 3, 5, 4, 2 are set in the slots with the setting slides, com- -
mencing with the right-most slide, and then the crank is turned, which sets
the respective digits into the result mechanism. The digits 6, 7, 5, 5, 3, 8 are
successively set up commencing with the last digit position on the right, and
again the crank is turned, whereupon the total of the two items (namely
1.080.953)appears in the result mechanism without any further manipulation.
In the same way any number of additional items may be added to the extent
allowable by the number of digit positions of the machine. After the whole
calculating operation has been completed, and when a new operation is to be
commenced, the two counting mechanisms are set to zero as described. The
result would, of course, have been the same if the individual digits had been
set from left to the right instead of right to left, as described in the preceding
example.

Subtraction

Let us return to the inner mechanism of the machine (figure 2), and remember
that so far we have only explained the operation of the rearmost of the two
vertically positioned bevel gears on the square shaft and have ignored the one
in the most forward position. This, too, performs a rotational movement when
the crank is turned but, being mounted in the opposite direction, it turns the
result dial in the opposite way, that is, in the subtractive direction. For in-
stance. if it is desired to subtract 3 from the value 9, the reversing or control
lever on the cover plate is first set to Add-Mult, then the value 9 is set up
with the aid of the setting slide, the crank is turned, and the value 9 will
appear in the window directly above the setting mechanism. Now subtraction
begins: first the reversing lever is to be set to Subtr-Div, which disconnects
the rearmost of the vertically positioned gears on the square shaft while con-
necting the front one. Now the value to be subtracted, 3, is set up with the
same setting slide just used, the crank is turned in the same direction as in
addition, and the respective result window will show the remainder 6.

As an example of subtraction, consider that of the four-digit numbers 47.32
minus 28.56. The larger value (that is 47.32) is set up by means of the setting
slide as it was for addition, then the crank is turned once. The machine is
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then set for subtraction, the amount 28.56 is registered with the setting slide,
the crank is turned once, and the result (18.76) may be read in the result
windows. It should be clearly understood that the crank must always be turned
in the direction of the arrow and never in the opposite direction, and that, as
during addition, the tens-carry occurs automatically during subtraction.

Multiplication

It has been stated that multiplication is nothing but continued addition; basi-
cally it is, therefore, unimportant whether we calculate 4 X 6 = 24 or
6 + 6+ 61 6 =24 If we intended to calculate this small problem with
the machine, the machine would be set for addition. the value 6 set up with
the aid of the setting slide, and the crank would be turned four times, where-
upon the result, 24, could be read from the two windows. However. if we
intended to multiply 21 x 15, it would be necessary to turn the crank fifteen
times after having set up 21 on the setting slides. With the aid of the shiftable
carriage. however, there is an easier way to perform this operation. After 21
has been set into the slide mechanism, it is possible to calculate 21 x 15
with only six turns of the crank. If we choose to initially place the value 15
into the mechanism and to multiply it by 21 (which yields the same result),
the calculation could be performed with only three turns of the crank. This is
possible because the part of the machine that contains the result and counting
mechanisms is mounted so that it may be shifted from decimal place to dec-
imal place, and as a result, five turns of the crank will be sufficient for the
units position and one for the tens position if the multiplier is 1S. However.
if 21 is chosen as multiplier, a single rotation of the crank would be required
for the units and two rotations for the tens; thus, in the first case six turns of
the crank would be sufficient instead of 15 and in the latter case 3 instead of
21 as would be required by continued addition. In case of larger values. the
saving is. of course, even more conspicuous.

Upon completion of a multiplication, the multiplier is stored in the revo-
[ution counting register. This enables the operator to check the calculation.
because the value that was multiplied may still be found registered in the
setting mechanism by the setting slide. and if these two items agree with those
of the problem, the result is bound to be correct. (The shifting of the carriage
is simple: it is easily lifted a little with the aid of a knob provided for this
purpose, moved left or right as required, and then lowered again.)
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Division
Division is simply continued subtraction. In division, the dividend is intro-
duced by means of the setting slides, the machine set for addition, and the
crank turned once —this transmits the value set up onto the result mechanism.
After this initial step, the revolution counting mechanism will show the value
1 as an indication that one revolution has been made. This has to be elimi-
nated so that all places of the revolution counter again show zero. The divisor
is then set up by means of the setting slides, and the control lever is moved
to subtraction. The carriage is shifted so that the divisor is positioned pre-
cisely below the two first decimal places of the dividend — provided this latter
value is larger, in other words provided the divisor can be subtracted from the
dividend. If this is not the case, the carriage must be shifted one position to
the left. Now the crank is turned until the subtractions being performed reduce
the dividend to a value which is smaller than the divisor. The carriage is then
shifted one more decimal place to the left. and the crank operation is contin-
ued until once more nothing further can be subtracted. This shift and subtract
operation is continued until eventually the whole division has been com-
pleted. If the divisor goes into'the dividend without remainder, the result
mechanism shows zeros in all windows and the revolution counter exhibits
the number of crank revolutions performed in the individual digit positions —
which will be the same value as the quotient. However. if the divisor docs
not go into the dividend equally, and the remainder appearing in the result
mechanism is to be divided still further so as to obtain a quotient with decimal
places. then the remainder appearing in the result mechanism must be can-
celled and must be reintroduced n places to the left, or with n zeros to the
right. if n decimal places are desired in the final result, whereupon division
may be continued in the manner described above. The best procedure, how-
cvcr. is to set up the dividend from the very beginning with as many zeros as
decimal places are desired for the quotient. If it should happen that the crank
is turned once too often during division (in other words, if there has becn
over-division, which is indicated by a bell being automatically rung), such an
error may be corrected by shifting the control lever to addition and turning
the crank once.

This description of the stepped drum machine and its operation will be
sufficient for our purposes. It adequately describes the device as first manu-
factured in France and also. since the end of the seventies. in Germany.
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Meanwhile, many companies, especially in Germany, have taken up the man-
ufacture of such machines and, of course, every one of them has tried to make
their model more competitive by incorporating improvements. It is not in-
tended to go into details regarding the smaller improvements because this
would go far beyond the scope of this book. However, it is necessary to
briefly mention some of these improvements now so that the later descriptions
of individual stepped drum machines will make more sense.

Setting Control Windows: After an amount has been set up by means of
the setting slides on the cover plate, it is advantageous to check if it is correct
before transmitting it to the calculating mechanism by rotating the crank.
Since it is not convenient to read values registered on the zigzag lines of the
setting slides, all recent machines are provided with separate rows of windows
that show the amount set up in a straight line.

Overthrow: Means are now provided to prevent the so-called overthrow of
individual rotating parts in calculating machines." This condition, which
might yield erroneous results, is caused by hasty and jerky rotation of the
crank.

Machines With Two Result Mechanisms: For certain multistep calcula-
tions, it is advantageous to have a second result mechanism in the carriage.
This second result mechanism may be connected, by a lever, with the other
result mechanism, or it may be used separately — it permits the reading of
intermediate results. Calculations of the following kind can readily be per-
formed on such a machine:

2.65 kilograms (« 3.25 = 8.6125
3.15 kilograms ¢ 2.17 = 6.8355

7.30 kilograms @ 1.25 = 9.1250
24.5730

The multiplications arc carried out in the first result mechanism. their val-
ues are transferred to the second result mechanism, and the first is cleared for
the next multiplication. The second multiplication is performed in the same
manner, and its result is added to that of the earlier multiplication appearing
in the second result mechanism, and so on. In the same way items such as

4, Overthrow is caused by applying excessive force to the drive lever so that the momentum
given to the internal mechanism causes the gears to rotate past their normal stopping point.

e
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discounts may be computed in the first result mechanism and then may be
deducted from the amount appearing in the second mechanism.

Setting knobs beneath the windows of the result mechanism serve to set up
the dividend or to correct the result (rounding off). They may readily be
turned to the left or to the right when the carriage is raised. The revolution
counter may also have this type of setting knob. The oldest stepped drum
machines were provided with such setting knobs, but they served merely for
setting the two counting mechanisms to zero, whereas nowadays all machines
are provided with instantaneous zero-setting mechanisms that allow for faster
operation.

Various manufacturers market stepped drum machines having complete
tens-carry in the revolution counter so that the operator always calculates with
white digits. never with red ones, no matter whether he adds, multiplies,
subtracts, or divides. This is an advantage in the shortcut form of multipli-
cation, as has previously been mentioned.

Sliding Decimal Point Markers: Today all windows are provided with
sliding decimal point markers that permit easy reading of decimal places.

Machines with Keyboard Setting: Adding machines with full keyboard
(Burroughs. Wales, etc.,) have always been superior to the stepped drum
machines as regards the speed with which they permit items to be set up in
the addition of columns of numbers. Setting slides require rather careful han-
dling and, in a way, take up too much time because the operator's hand has
to travel over relatively large distances. Therefore stepped drum machines
have been designed with keyboard setting mechanisms. This may allow them
to achieve speed in addition and subtraction equal to that of a keyboard adding
machine while, at the same time, retaining the superiority of the stepped drum
machine over the full-keyboard adding machine doing calculations involving
multiplication and division.

Electric Drive: Since standard adding machines are frequently manufac-
tured with an electric drive that supersedes the operation of a crank or lever,
now stepped drum machines likewise are provided with electric drive mech-
anisms. To date, however, the stepped drum machine has not been modified
to print the result, as do the full-keyboard adding machines. The only excep-
tion is the machine known as the XxX. and today even that machine is now
manufactured and marketed as a nonprinting model only. However. stepped
drum machines that will print the result on paper are due to appear on the
market.
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Figure 3

The Pinwheel Machine

In Germany this is frequently called the Odhner machine because Odhner was

the first in Europe to employ the pinwheel mechanism in calculating ma-

chines. By pinwheel | mean a gear with a variable number of teeth. Odhner

may, in fact. have reinvented this mechanism, but this has not been definitely
established yet. It should be noted that prior to Odhner, the variable toothed

gear had been patented by Frank Stephen Baldwin in America and had been

used in devices for a number of years. It seems also to have been known to :
Leibniz,* Poleni. and Dr. Roth. Two of Roth’s machines are still in existence i
in Paris. However none of these three constructions went beyond the experi-
mental stage.

The main parts visible externally are a metal casing with slide slots and
slides, two rows of windows beneath the slots and slides, a crank, two winged
screws, and the bell. In the interior of the machine are the pinwheels, i.e.,
wheels with a variable number of teeth (one wheel for each decimal place of
the machine). These wheels are mounted on a crank shaft. Below the wheels,
in a movable carriage at the right side. is the result mechanism and at the left
side the revolution counter.

Figure 3 shows an older type of pinwheel machine while figures 4, 5, 6,
and 7 give an idea of the pinwheel mechanism. As shown in figure 6, the
pinwheel consists mainly of parts A and B. Part A is fixed to the crankshaft

5. Martin may well he referring to an early attempt by Leibniz to convert Pascal’s adding
machine to a device capable of multiplication. This did not use the true variahle-toothed gear
but rather a series of gears with different numbers of teeth.

Figure 7

[ TOPhR A,
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and thus rotates with it. Part A possesses nine pins that are gathered together
in approximately one-third of the wheel circumference. These are more
clearly seen in figure 7 where they are labeled b. They are mounted, radially,
in notches #, each pin capable of projecting out from the edge of the disk.
Part B may be shifted around part A with the aid of a small handle d. Part B
contains an arched channel m extending over half its circumference and which
is offset in the middle. Projections f slide in this channel. When these projec-
tions arrive at the offset line during rotation, they are compelled to succes-
sively project from or disappear in the circumference of the wheel, depending
upon the direction of rotation. Handle d is the setting slide or setting lever
and projects beyond the slot of the metal casing. The digits O to 9, designating
the possible positions of the setting levers, may be found at the left of the
individual slots. When a setting lever is positioned adjacent to the number 2,
then two pins will project from the wheel and remain in this position. If the
crank is now rotated in the forward direction, the two projecting pins engage
the result gear positioned in the carriage and turn it by two teeth or digits. If
the affected result window originally indicated O, it will show the digit 2 after
the crank has been rotated. At the same time, the revolution counter (posi-
tioned adjacent to the result mechanism) will indicate the value | because it
counts the revolutions of the crankshaff. The wheels of the revolution counter
have two sets of revolution numbers. The white digits appear during forward
rotating (additive) operations, and the red ones appear during backward ro-
tating (subtractive) operations. Every decimal position requires a setting slot,
a pinwheel with setting lever, a result counting wheel, and a revolution count-
ing wheel. The result counting mechanism has, of course, successively op-
erating tens-carry mechanisms.

Addition

If 365 and 278 are to be added, the first number, that is 365, must be set in
the three last slots at the right (it is immaterial whether the operator com-
mences with 3 or 5) by positioning the respective setting levers opposite 3.
6. and 5. The crank is then turned forward (as indicated by an arrow that
points in the Add-Mulr direction), whereupon the amount may be read from
the result windows. Now the setting levers are shifted to 2, 7, and 8, the
crank is turned as before, and the sum of the two values, namely 643. may
be read in the windows of the result mechanism while the revolution counter
indicates the value 2. Further additions take place by simply repeating this
procedure.

3
3
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Subtraction

The larger item is registered, as with the stepped drum machines, upon the
setting mechanism in the manner described for addition. The crank is rotated
forward in order that the value will be entered into the result mechanism. The
item to be deducted is set up, the crank is turned in the opposite direction
(toward the operator), whereupon the subtraction is performed and the re-
mainder may be read in the result mechanism. Thus subtraction takes place
in the same way as in the stepped drum machines with the exception that the
crank is turned in the opposite direction— in exchange for this, the machine
does not need to be adjusted from Add-Mult to Subtr-Div.

Multiplication

The amount to be multiplied is set up by means of the setting levers and is
transferred to the result mechanism by turning the crank forward (that is, in
the additive sense). If this amount is to be multiplied, for instance, by 24,
four additive rotations of the crank are made, the carriage is then moved one
digit position to the right, and two additional rotations of the crank are
made —the result mechanism shows the product, and the revolution counter
indicates the multiplier. Thus, multiplication is carried out in essentially the
same manner as in the stepped drum machine.

Division

If 7,533 is to be divided by 28, the first step is to set up the dividend on the
setting levers and to put it into the result mechanism by a single turn of the
crank. Then 28 is set up on the levers, and the carriage is shifted in such a
way that the first two digits of the dividend, 75, are positioned below the set
divisor 28, and the crank is turned twice in the subtractive direction. The
carriage is shifted back by one digit position because 28 cannot be deducted
from the remainder 19. Now 193 appears below the divisor, and after having
turned the crank six times, 25 remains. Again the carriage is shifted, and now
253 appears under the divisor, the crank is turned nine times whereupon 1 is
left as the reminder, while the result 269 appears.in the revolution counter. It
is, of course, possible to continue the division over a number of decimal
places by leaving a corresponding number of zeros at the right of the dividend
from the very beginning. If the crank has inadvertently been turned once too
often (niter-dividing. as indicated by the bell ringing), the mistake may be
immediately corrected by turning the crank once in the opposite direction.
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Zeroing of the result mechanism takes place by turning the wing screw on the
right end. Division thus takes place in the same manner as in the stepped
drum machine, but the crank is turned in the opposite direction with the ma-
chine requiring no particular adjustment to a Subtr-Div setting.

As was the case with stepped drum machines, pinwheel machines — which
were, especially in Germany, manufactured in large numbers— have been
continuously improved. Provision has been made to prevent overthrow of the
numeral wheels when turning the crank in a hurried or jerky fashion. In order
to make it easy to check the correctness of an amount set before it is trans-
mitted into the calculating mechanism, most machines are provided with a
setting control mechanism that shows the value entered onto the setting mech-
anism in a straight row of windows. All rows of windows are provided with
shiftable decimal points. The red digits in the revolution counter (which create
problems with the shortcut method of multiplication as mentioned earlier)
have been avoided in certain models by providing the machine with a special
reversing lever, usually labeled Multiplicution-Division, and by equipping the
machine with tens-carry in the revolution counter.

Most manufacturers make their pinwheel machines in two models, namely
with and without tens-carry in the revolution counting register, and this en-
ables them to satisfy the wishes of most of their customers. There are also
machines with complete tens-carry in the revolution counter, in which re-
versing is carried out automatically and which are still provided with white
additive and red subtractive digits.

For special operations there are machines with two revolution counters, one
of which possesses tens-carry. In carrying out a series of multiplications, this
arrangement renders it possible not only to add the products but also to add
the multipliers at the same time and, in so doing, to provide a check on the
individual multipliers. Some manufacturers also supply machines that have
two result mechanisms, and there are also machines with double setting and
result mechanisms; they are basically nothing but two complete machines that
are, or may be, coupled with one another and thus allow the solving of certain
problems that previously required two individual machines, or where it was
necessary to interrupt the operation of the machine to perform a subsidiary
operation before the main calculation could be continued.

In the area of different setting mechanisms, there are machines with long
setting levers, instead of short ones, that may be conveniently grasped and
do not participate in the movement of the pinwheel. There are also products
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Figure 8
Older catch mechanism. (Source: Facit-Katalog, Atvidaberg)

Figure 9
Newer catch mechanism. (Source: Facit-Katalog, Atvidaberg)

with keyboards that. in a sense, render the machine equal in efficiency to the
full-keyboard adding machines while still keeping their superior design as far
as the operations of multiplication and division operations are concerned. Ad-
ditional models of such keyboard machines are in preparation. There is also
a system that prints the items set up, the result, and so on; and several systems
have been provided with an electric drive that supersedes the turning of the
crank, which becomes rather tiresome during long calculations. Miniature
machines arc also available. They accomplish the same tasks as the larger
machines but are more convenient for various purposes. Finally there is also
a machine in which transfer from the result mechanism to the setting mech-
anism may occur so that multiplications with three or morc¢ factors may bc
performed. This machine finds particular use in the timber trade.
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Figure 10

The Printing Full-Keyboard Adding Machine

Printing full-keyboard adding machines always have keyboards with individ-
ual columns of keys numbered 1 to 9 for each of the units, tens, hundreds,
thousands, tens of thousands, etc. Such machines are usually built with nine
digits in the setting mechanism." For dealing with currency, rows of units and
tens express pennies, and so on. To distinguish them easily. these two rows
of keys arc usually of a different color from the following three rows of keys,
which are capable of recording monetary values up to 999. The following
three rows of keys, which express values up to 999 thousand, are again in the
color of the first two rows of digits. and so on. Numbering begins with the
smallest digits at the bottom of each column. There are no keys available for
zeros, nonetheless, they are in fact automatically printed and appear in the
result. It is possible to enter a number by pressing keys starting from either
the left or the right end of the number.

Addition

For example. in setting up the value 3.75 marks on such a machine, it is
necessary to first look for the 3 in the third column of digits and press this

6. Various manufacturers introduced machines to add nondecimal combinations of quantities
such as hours and minutes. shillings and pence. and inches and eighths of an inch. Fur hours
and minutes the two rightmost rows of figures would only have to express quantities up to
lifty-nine. Because one shilling contained twelve pence. there were eleven keys in one row
to represent pence. Similarly there were seven keys to represent quantities from " to %.

Introduction 19

key down. Similarly the 7 key in the next column and the 5 key in the right-
most column should be pressed. It is important to press all the keys down far
enough so that they remain locked in this position on the keyboard. One can
now check whether the correct numbers have been pressed. If a number has
been incorrectly entered, the error can be corrected by simply pushing the
correct keys. Once the amount has been correctly set up, the crank is oper-
ated—it should be pulled forward and then let loose to freely return to its
original position. Through this action the value is transferred from the setting
keys to the result mechanism and printed on paper. Any additional items can
be added to the value already in the result mechanism by repeating the above
procedure. In order to print the final sum in the result mechanism, the sum
key or total key must first be pressed and then the crank again activated. After
each pull on the crank. all the keys that have been pressed return to their
normal position automatically.

Subtraction

On each of the keys, next to the digits  to 9, it is common to find smaller
digits. perhaps in another color. These are the so-called complementary digits
or subtraction digits. Their relation to the larger digits is such that, if added
together, the small and the large numbers on a key total nine. These small
digits are complementary to the value to be subtracted, so that if a small
number is pressed, its value is added to the value found in the result mecha-
nism, and this process actually carries out a subtraction. With the printing
full-keyboard machines there is usually no direct subtraction, such as we saw
with the stepped drum and pinwheel machines. Here subtraction, and also
multiplication and division, is carried out by means of addition, as the follow-
ing example shows.

In order to subtract 444.44 from 777.77 (which is already in the result
mechanism), you start by using the small subtraction digits. When keying in
the number, it is necessary to subtract one unit in the last position on the
right, i.e., 444.43. Then the nines keys in all the unused columns of keys are
pressed,' the crank is pulled, and the result is given in the result mechanism.
In subtraction, it is always necessary to take one less in the last position,
except when the last position is zero.

7. In order to arrive at the correct result. the nines keys must be pressed in all the unused
columns of keys. Otherwise the adding of a complement may produce an unwanted | in the
leftmost position of the result.
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Multiplication

Multiplication is performed as continued addition. If we consider, for exam-
ple, 424 x 232 = 98,368, the first step is to enter 424 on the keyboard and
press the repeat key so that the value entered is not canceled when the crank
is moved. Then by moving the crank twice, the multiplication is carried out
by the last digit of the multiplier, namely 2. The key setting is then canceled
by pressing the correction key. The same value, 424, is entered again, but
this time all the numbers are shifted one position to the left. Following the
procedure just described, one pulls the crank three times corresponding with
the second digit, 3, of the multiplier. When the key setting has again been
canceled, the same value is entered again but shifted another column to the
left. Two pulls of the crank then multiply the value by 2. The result can be
read from the windows and, if required, can be printed in the manner de-
scribed. This is multiplication from right to left. It is also possible to do this
from left to right. Fractions can be multiplied by converting them into deci-
mals; for example, % = 0.875, and so on.

Division

Division is performed by continued subtraction. For example, consider the
problem 3685 -+ 54. The first value is entered in the last four columns of
keys and transferred to the result mechanism, with the keys returning to their
normal position. The divisor, 54, cannot be subtracted from the first two
digits; thus, the value must be taken from the first three digits, 368. It is now
necessary to enter the divisor, lowering its last digit one place (as with sub-
traction); that is, 53 instead of 54 is pressed. This is done by using the values
on the small (complementary) digits, and in such a way that 53 comes under
68 of the result mechanism. The repeat key is then pressed, as well as the 9
key in the fourth row from the right.* Then, while moving the crank, it is
necessary to watch the result mechanism so that the crank is moved only as
often as needed until the amount in the result mechanism becomes small
enough that 54 can no longer be subtracted from it. This condition occurs
after the sixth turn of the crank, when there will only be 44 left in the result
mechanism. The correction key is pressed, and this causes all the keys that
have been pressed to return to their normal position. After this, 53 is entered,

4. Although the small (complementary)digits are used for the S and 3. it is the normal digits
(4 and 6) that appear in the windows of the mechanism. Thus the 53 entered using the com-
plementary digits leads to the 46 in the display.
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via the small digits, in the last two rows, and the digit 9 in the third row. The
crank is then turned eight times, as described, after which 13 remains in
the result register. The zero in the third place signifies the border between the
sum total and its fraction. The result is thus 68 '¥5a,

Certain machines print only on narrow strips of paper. The paper roll is
mounted behind the machine and the paper strip is fed through to the position
for printing. Other machines are equipped with a wide carriage (patented by
Felt, 1889)and are especially good for use in bookkeeping. These machines
are also usually provided with narrow paper rolls, so that they can carry out
the usual sort of additions of columns. One can then tear off the strip of paper
with the addition and store it. Machines with wide carriages are usually, like
typewriters, equipped with tab stop mechanisms; pressing on the tabulator
key brings the machine to the next column. There are also machines in which
the carriage return is performed automatically with each pull of the crank,
and others where it must be moved by hand. Machines with automatic car-
riage return usually have adding and subtracting tabulator stops. An adding
stop is set under a column that is to contain only debits and a subtracting stop
is usually set under a credits column. If, by turning the crank or pressing the
motor key, the carriage comes to an adding stop, then the machine is auto-
matically set for addition: similarly. it is automatically set for subtraction
when it moves to a position containing a subtracting stop (see the topic of
direct subtraction which is dealt with later in this introduction).

Besides the keys for setting values, printing full-keyboard adding machines
contain a number of auxiliary or supplementary keys. We are already familiar
with the repeat key used during the process of multiplication. When executing
the operations of multiplication or division, this key must be pressed before
the crank is pulled so as to lock the numerical keys in place when the crank
returns to its original position. The correction key is used in order to release
the keys after the crank has been pulled the necessary number of times. An-
other such special key is the sum key or total key, which must always be
pressed before the total in the calculating mechanism can be printed. In some
models. the total key serves both as the total printing key and the correction
key. By pressing this key, all the digit keys that have been pressed return to
their normal positions. Clearing the machine is done by means of the sum
key or total key and one pull of the crank; this results in the gears of the
machine being set to zero, so that the machine is free for the next calculation.
In other models a special device is needed for setting the result mechanism
to zero. The intermediate subtotal or carryover key may be used if the total
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(or the remainder of the numbers in the machine) is to be printed but at the
same time must remain in the calculating mechanism for the continuation of
the calculation. Intermediate subtotals or full totals are usually automatically
printed in another color or marked by means of special signs. At the beginning
of a new calculation. some machines also print a special sign to signal that
the calculating mechanism is set on zero (patent: A. Macauley — Burroughs,
1906).

If a key has been pressed in error and must be canceled, it is usually enough
to press the correct key in the same column, which will cancel the first key.
Machines equipped with this device are called self-correcting (patent: Felt and
Wetmore, 1904).

It may be the case that an operator wishes values or dates to be printed in
the list of items, but not added up. In this situation, the non-add key may be
used (patent: H. C. Peters— Burroughs, 1904). Such nonaddition items can
be recognized on paper by a special printed sign (patent: Jeffe G. Vinvent,
1906). There are also cases in which a value is to be added up but not printed,
and for this the nonprinting key is used (patent: Fred A. Niemann, 1907).
The error key or correction key has already been mentioned,; it is used to raise
all the keys that have been pressed (patent: Burroughs, 1893). In addition,
many machines have a row of unlabeled keys above or below the digit keys.
These serve to cancel single columns of keys or, rather. to reset them to zero.
Earlier machines had a keyboard lock—if a second key in any column of keys
was mistakenly pressed, this and all other keys in the column were then
locked (patent: W. H. Pike, Jr.—Burroughs, 1908).

An invention of Felt, who was the first person to create the Comptograph.
was an indicator for marking the end of the paper. Cross addition and sub-
traction can also be traced back to Felt (1901). This, together with the wide
carriage. first enabled adding machines to be used in bookkeeping. From that
time on it became possible to write on the pages of account books with ma-
chines; that is, to print the balance, debit, credit. and new balance. Out of
this developed, in the course of time, automatic bookkeeping for different
purposes by means of adding machines. From the same inventor came the
automatic item counter (1905). which made it possible to set up the number
of items that can be listed under one another in one column of a page. If the
corresponding number of items has been printed. then the machine is auto-
matically locked and thereby prevented from allowing any more items to be
entered because they would no longer fit on the paper. In this case it is nec-
essary to set up a new column.
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According to a patent filed by C. W. Gooch (1906), a section device can
be built into a machine, which divides it into two, so that it is possible o both
print and add two columns next to one another. This device permits the zeros
on the right side to be switched off and thus makes it possible to print and
add a special column separate from the others. The device was improved
(1907) by Wetmore and Niemann (Comptograph) with the result that four
different section devices were constructed to be inserted whenever necessary
by the user himself. Since Niemann’s patent of 1912, a machine can be di-
vided between any pair of digit positions.

For many machines the printed digits are visible, while with others they
are hidden. Most of the machines now on the market can be operated by
means of an electric motor instead of a hand crank (patent: Frank C. Rinche,
1901). A motor operation key is usually attached to the right side of the
keyboard. Motor power in itself affords no time saving, since it takes the
same amount of time to move the hand crank. As a timesaving device,
McFarland (1906)constructed a means by which a new value could be entered
while the motor was processing the previous one.

Many machines have two calculating mechanisms coupled together. The
first mechanism returns to zero when a sum prints, while the second remains
unaltered. If one finally wishes to print the grand total from the second mech-
anism, the calculating gears of this mechanism must be connected to those of
the first mechanism and the sum printed in the usual way.

Subtraction and division with the aid of complementary digits, as ex-
plained, makes operating a machine difficult for the layman. As a result, in
1910, William E. Swalm (of Burroughs) constructed a machine in which sub-
traction and division, like addition and multiplication, were carried out by
means of large digit keys, with only a lever changed over to a subtraction
position beforehand. Models with this adjustment are available today in great
numbers. They are called direct subtracting machines.

Special keys for printing monthly statements and abbreviated bookkeeping
symbols (like credit, debit, balance, etc.) have also been built into printing
full-keyboard adding machines. Furthermore, they are set up to draw up and
print balances of accounts automatically and are equipped with electric car-
riage return and automatic change of print color so that, for example, debit
items are printed in black, credit items in red, or else single items appear in
black and the totals in red.

There are also machines with two calculating mechanisms in which simul-
taneous or alternating addition or subtraction can be carried out. Debit and
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credit values can also be entered together in one column, and both types can
be added separately simultaneously and the smaller value subtracted from the
larger one.

Finally, there are machines built with a paper feeder and dispenser (patent:
F. C. Rinche, 1913). With this device it is possible to handle large numbers
of forms very quickly.

Usually full-keyboard adding machines are heavy and are fixed to movable
iron stands. In fact, there are also the so-called portable machines, although
these are so heavy that they can only be moved short distances. They cannot,
like small portable typewriters, be taken home or on ajourney.

The improvements to the printing full-keyboard adding machines just de-
scribed originally referred only to certain makes. In the meantime, however,
some of the patents have expired, and now a few factories pay or have paid
some inventors for licenses. Other manufacturers have managed, in the end,
to avoid certain patents. The result is that today all factories that manufacture
printing adding machines equip them with all the above listed improvements,
insofar as they have not already been superseded.

It remains now only to briefly explain the internal workings of such ma-
chines. The simple fact that a printing full-keyboard adding machine costs
hundreds of marks provides evidence that they are made up of thousands of
parts and are rather complicated. A full description of the complete internal
structure is, of course, not possible here. Such a description wor.id necessarily
be too detailed and furthermore would probably not be understood by the
average machine dealer, even assuming he had the relevant technical educa-
tion. The older Burroughs (the tall, hidden printing machine) is used as a
basis for the following brief description. The other Burroughs products. as is
well known, are built lower, and consequently the printing is immediately
visible. However their structure does not correspond to the machine
illustrated.

In figure 1l the digit key operates on a revolving knee piece and in this
way tightens the tie rod, shifting it from its position of rest (d) into the open-
ing that lies behind. At the same time, the metal bar (e)is also moved back-
ward into the position shown by the dotted sketch, whereby the hook (f) is
pulled back and the cogged arch (g) drops far enough down that it turns itself
around the axle (), until the protruding front piece (k) is stopped by the bent-
under end of the tie rod (h) that was moved into this stopping position by
pressing the digit key. Simultaneously, the back end of the cogged arch is
raised, and this brings one of the ten printing digits (1)(the one corresponding
to the pressed key) up adjacent to the printing platen (n7). If the crank (n) is
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Figure 11
(Source: Lenz. Die Rechenmaschine und das Maschinenrachenen. Leipzig-Berlin: B.G.
Teubner.)

pulled (asshown by the position of the dotted line) and let loose, the printing
hammer (o) pushes against the back of the number type head and presses it
against the colored ribbon and the paper lying behind so that the printed digit
appears on the strip of paper.

The calculating mechanism (#), which until this point had remained in the
position denoted by the dotted semicircle, is then shifted to the back so that
it meshes in the cogs on the edge of the arch. Lever (r)raises the arch, so
that it again returns to the rest position. This turns the corresponding calcu-
lating mechanism gear (/) so that it now shows, through the front window,
the number of the key that was pressed and has now already been printed. Of
course every column position of the keyboard has such a gear rim. calculating
mechanism gear, printing digits O to 9 and printing lever (0), while the print-
ing lever () shifts all the gear rims into rest position after the crank has been
operated.

The Printing Ten-Key Adding Machine

These are certainly equal in efficiency to the full-keyboard machines. How-
ever, when a number is set on a full-keyboard machine, the units digit is set
in the units column of keys, the tens in the tens column of keys, the hundreds
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Figure 12

in the hundreds column of keys. etc. (sothe value is already classified on the
keyboard). With the ten-key adding machines the actual internal setup mech-
anism Moves one more position to the left every time a key is struck, just like
a typewriter. When a value is entered, the crank must be pulled for it to be
added and printed. This action connects the calculating and printing mecha-
nisms with the internal setup mechanism and causes the entered value to be
transferred into the calculating mechanism and printed. The same action re-
turns the internal setup mechanism back to the initial starting position, so that
it is possible to immediately enter the next value. There are also machines.
similar to some forms of typewriter (Elliott-Fisher, etc.), in which the setup
mechanism does not move when each digit is entered but the keyboard moves
sideways: these are in the minority. The movement, which in the full-key-
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Figure 13

board adding machines is carried out by the hand that sets up the digits, is
carried out in the interior of the ten-key adding machines without the operator
doing anything.

Supplementary keys, broad carriages, etc., like those described for the full-
keyboard machines, are for the most part also available for ten-key adding
machines. The same operations that can be carried out on full-keyboard ma-
chines can for the most part be carried out on ten-key machines; it is therefore
unnecessary to repeat all the details here.

Small Adding Machines

The small adding machines can be divided into three groups: machines with
stylus setting, direct manual setting, and key setting. The first group divides
into three subclasses: machines driven by toothed racks, by chains, and by
cogged disks.

Toothed Rack Drive

Figure 12 gives a complete picture of a rack drive machine, and figure 13
shows a cross section through it” The racks serve to set up the values to be

9. A rack is a bar with pegs or teceth on one edge
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added. They are chamfered downward so that the adding stylus does not slip
out, In adding up a series of numbers, the user sets a stylus on the digit to be
added and moves the rack down until it reaches the fixed crosspiece at the
bottom of the device. The digit thus set up can be read and checked from the
lowest row of digits, the so-called control row. The rack that has been pulled
down has, by means of the lower cogs (l), turned the corresponding digit gear
(), so that this also shows the digit just entered, assuming that this digit gear
initially stood on zero. If the digit gear had not originally been showing the
value zero, the entered value would be added to that which was originally on
this calculating gear. The corresponding rack stays drawn down because it is
held fast by the catch lever (m). If the digits in a number have been set up in
this way, and the entry has been checked, then the lever on the left side is
pressed; this releases the catch lever and the racks are sent back to their rest
position by means of the spiral spring (b).The next value can then be set up.
Many rack machines have the disadvantage that the result row is not freed
until the racks have sprung back into their rest position. It is therefore often
not possible to read the entry and result at the same time. Zeroing the result
is brought about simply by pulling out the knob on the right side of the ma-
chine and turning it forward. Subtraction is carried out with the aid of com-
plementary digits found on both edges of the machine. With such machines,
however, subtraction is rather difficult because the nines must be pulled down
in all the unused positions on the left. Multiplication can be carried out via
either the counting or multiplication table method.

The Counting Method: The lever attached to the left of the machine,
which causes the lowered racks to spring back to the rest position, may be
fastened down so that the racks immediately spring back to position each time
the adding stylus has released them. To multiply 489 x 23. the number 489
is first set up three times in succession (the 9 in the first position from the
right). Then, moving over one, the number 489 is set up twice so that the 9
comes in the second position from the right, as the first position on the right
is no longer used. It is then possible to read the product 11,247 from the
result window.

Multiplication Table Method: Consider the multiplication of 789 x 79.
The operator must first mentally calculate 9 x 9 = 81 and set this result in
the two positions on the far righthand side. He should then calculate 9 x 8
= 72 and set up this result in the second and third positions from the right.
Similarly, he needs then to work out 9 x 7 = 63 and set up this value in the
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third and fourth positions from the right. The multiplication by 9 has now
been done and what remains then is the multiplication by 70. As above, the
operator must first calculate 7 X 9 = 63 and set up this value in the second
and third positions from the right, then 7 x 8 = 56 in the third and fourth
positions from the right, and finally 7 x 7 = 49, the value of which is kept
in the fourth and fifth positions. The multiplication is then complete and the
result 62.331 can be read from the result windows.

Division: Division can be done by such a machine. but the procedure is too
involved; therefore no explanation will be given here.

Cogged Chain Drive

These machines are similar to the machines with rack drive. The adding digits
are attached to loops made from chain, but because they are covered by the
digit plates, it is not possible to see the links of the chain. Usually these
machines have, in addition to a result mechanism, a setup control mechanism
so that items can be checked for accuracy each time they are entered. Addi-
tion. subtraction, and multiplication can be carried out according to the pro-
cedures outlined. These machines are not considered suitable for division.

Machines Driven by Cogged Disks, with Horizontally Mounted Gears
and Numeral Disks

These machines originally stem from the Pascal Machine (1642) and have
since been principally manufactured in America (Pangborn, Lightning Cal-
culator. Calcumeter, Figurator, etc.). The different makers have not improved
these machines significantly during the last years, so their sales have
declined.

The setup gears lie flat. next to one another, in the machine casing and are
covered by cover plates with windows. Every decimal place of the machine
requires a numeral disk, which usually has small, round holes or basin-shaped
indentations for receiving the calculating stylus, the digits being engraved on
the cover plates. If, for example. the number 7 is to be set up, then the
calculating stylus is placed in the small hole of the number disk lying next to
the number 7, and the gear is turned in a circle until it stops. It is then possible
to read the digit set up from the viewing window, which is found either un-
derneath, above. or inside the numeral disk; that is, provided that another
number is not already there. If the number 6 is to be added to the 7 already
in the viewing window. then the stylus is placed next to the digit 6, and the
numeral disk is turned as far as it will go. After this action it is possible to
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read a digit 3 in the window, while the window on the left shows the digit 1.
Subtraction is carried out by turning the numeral disks in the opposite direc-
tion and is done with the aid of Complementary digits. Special viewing win-
dows are sometimes available for the results of subtraction; on some machines
they appear in different colors. The setting gears must be individually re-
turned to zero, which is rather time consuming.

It was Michel Baum-Miinchen who first made significant improvements to
this model in that he reduced the setup circle to half a rotation, introduced a
setup control with control windows, equipped the machine with an immediate
zero setup device, and finally added a subtraction disk to it, so that the ma-
chine could be used not only for addition but just as easily for subtraction
without having to worry about any sort of complementary digits. Multipli-
cation can be carried out far more quickly and quietly with the Baum-
Miinchen. There is no longer any need for the racks to return after every entry
has taken place. The circular gears allow for a continuous operation.

All the small adding machines mentioned here are especially suited for the
addition of columns of numbers, as in ledger books. The machines can be
laid on the book and shifted down item by item. This is not really a great
timesaving device, but in any case it does save on nervous energy and keeps
the mind free for more important matters. On the other hand, if it is a case
of adding up items such as accounts or checks, which must first be written
down so that they can be then added with pen and ink, or of cross additions,
which are often necessary in bookkeeping, these small adding machines rep-
resent a considerable saving of time.

The small adding machines are often treated disdainfully by skilled opera-
tors, but unjustifiably so. With most of the small adding machines, output is
just as rapid as with key-driven adding machines, because there is no contin-
uing need to pull the crank, etc.

Direct Adding Machines

These are equipped with a cogged chain or lever drive. An adding stylus is
not necessary as the links of the chain can be touched directly, as can the
protruding lever, handle, or knob. These are either pulled down as far as they
will go, or else the handle of the lever or indicator must be directed to the
number to be set up (the latter naturally means a delay in the calculation).
Such machines, however. do not belong to the class of full-keyboard ma-
chines for they totally lack a keyboard. Nonetheless they closely resemble
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these machines in size. Also they do not come up to the full-keyboard ma-
chines in efficiency and usually lack a printing mechanism. The method of
operation is similar to that of the small adding machines, but there are such
machines able to carry out multiplication just as easily as the full-keyboard
machines.

Small Adding Machines with Key Setup Mechanisms

These have nothing to do with the ten-key adding machines described earlier,
which, as is well known, are the greatest rivals to the full-keyboard machines.
They all have only nine keys, and it is not possible to set up complete mul-
tidigit numbers but only to add single rows of digits. For example, if such a
row of digits has been added and if the result window shows 125, then it is
necessary to make a note of the 5 on paper and set up 12 again in the machine,
after the calculating mechanism has first been reset to zero, and then add up
the second row and so on. There are quite a few of such small machines
(Adder, Gab-Ka, Adix, Diera, Kuli, Heureka, etc.), but all have remained of
little significance, for they represent neither a great saving of time nor do they
have any other advantages to offer. Production, therefore, always stopped
after only a short time, so that the machines always had a limited distribution.
They could not be used for subtraction, multiplication, or division.



Main Text

This part of the book is a description of the calculating machines produced
since 1642 in chronological sequence.

Pascal (1642)

In 1918 an unknown author wrote an article about Pascal’s machine in the

Bureau [Industrie (number 5) in Berlin under the title “275 Jahre

Addiermachine,”’ "

The inventor Blaise Pascal was born at Clairmont in the Auvergne on June 19, 1623.
His father, Etienne Pascal, was the first president of the court in that city. His mother’s
name was Antoinette. and she came from a wealthy family by the name of Begon.
Blaise had an older sister who died and two younger sisters, one of whom played a
significant part in his life: Gilberte, born in 1620, and Jacqueline, born in 1625. In
1626, his mother passed away and five years later the father moved with his motherless
children to Paris, so as to let them have an adequate scientific education.

Especially with Blaise, this move bore outstanding fruit. At the age of eleven, he
delivered a thesis about the beginning and discontinuation of sound. In this thesis, he
investigated such questions as why a key if struck with a knife produces a sound, and
why this sound ends immediately when the key is touched with the hand. He later
discovered and proved on his own initiative the fact that the sum of the angles of a
triangle equals two right angles. His father feared that the child’s education in foreign
languages might suffer because of his great interest in mathematical and physical prob-
lems. He therefore told his friends, who regularly met with him for the purpose of
learned discussions, that in the future they would refrain from discussing mathematical
and physical problems in the presence of his son. However Blake, although thus

Figure 14
Older six-place machine

10. “275 Years of Adding Machines”
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excluded, no longer required outside stimulation to promote his studies. On the floor
of his lonely room, where his father had sent him to get on with his study of languages,
he drew all sorts of geometrical figures, the proper names of which he often did not
even know, and discovered for himself all those fundamental rules that are nowadays
the subject of early mathematical education. After his father surprised him in this
activity, he was accepted as a full-fledged member in the private circle of the older
scientists. There he diligently continued to study, so that at the age of sixteen he was
in a position to deliver a thesis on conic sections, which was recognized as having
scientific merit.

In 1638, the municipality of Paris partly discontinued payments of its debt from
municipal bonds. This led to great unrest among the owners of the bonds. The elder
Pascal was thought to be one of the main ringleaders of the malcontents. Although the
charges were untrue, they were not unlikely, because when moving his family to Paris,
he had invested a large part of his fortune in such municipal obligations. A warrant
for the arrest of Etienne Pascal was issued, and only timely flight saved him from
imprisonment in the Bastille.

On 3 April 1639 a private theater performance took place before Cardinal Riche-
lieu. L'Amour Tyrannique, a tragicomedy by Scudern, was directed by the Duchesse
d'Aiguillon who had chosen Jacqueline Pascal for the main part. After the perfor-
mance, during which the Duchesse presented the fifteen-year old Blaise Pascal to the
cardinal as a “great mathematician,” Jacqueline submitted to the cardinal a petition
on her father’s behalf. written in verse. Richelieu was charmed with the small actress
and replied, “Write your father that he may return in perfect safety.” When Pascal
returned, the cardinal received him very graciously and made him superintendent in
Rouen (1641). where his main task was to collect taxes. It was necessary to go into
some detail regarding the history and origin of his father’s office, because it seems
that it was his father’s office alone that was the cause of the son inventing the adding
machine that bears his name. Its purpose was obviously to facilitate his father’s man-
agerial tasks.

Even today, quite a few of Pascal’s machines are still in existence. We are, there-
fore, well informed about the details of its construction. The first written description
of this machine may be found in Diderot’s Encyclopaedie, dated 1751. Pascal’s in-
vention was an eight-place adding machine in which the lowest place (derniers) could
accommodate twelve units, the second lowest place (sols) twenty units. and the re-
maining six places ten units each. The firsttwo places were intended for the two lowest
denominations of small coinage then in use. The remaining six places were designed
to keep track of from one to hundreds of thousands of full pieces of gold. Depending
on the place value of the amount to be added, the individual wheels were to be moved
by as many tooth positions as corresponded to the value of the digit concerned. This
turned the numeral disks in the interior and caused the resultant sum to appear in the
window. According to today’s view, the principle, whose discovery was unquestion-
ably Pascal’s achievement, was not properly carried through. Nevertheless, his inven-
tion must be regarded as the basis of innumerable adding machine systems of a later
date.
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Undoubtedly it will be of interest to give a more detailed description of this
remarkable machine. The machine to be described is the oldest model in ex-
istence —the model the designer dedicated to the Chancellor Seguier.

The machine is 36 cm long, 13 cm wide, 8 cm high; thus it is the size of
a shoe box and may easily be carried under the arm. The surface is metal.
There are eight windows and visible through them are the result digits. In
front of the windows are the eight setting mechanisms. These have the form
of a wheel, the spokes of which turn around the axle but whose rim is attached
to the surface of the box and is inscribed with the setting digits. The first
wheel from the right has twelve spokes, the second wheel has twenty, and
each of the remaining wheels has ten spokes—the first serves for adding the
derniers, the second for the sols, the additional ones are for the livres (at that
time the system of English currency was still in use in France). If the machine
is to be used for purposes other than the addition of the national currency,
only the third. fourth, and subsequent setting wheels are used. Machines were
also constructed in which the setting wheels for the derniers and sols were
missing, so that they only possessed six setting wheels for the livres.

Addition is very easy. After any value that may still remain from a preced-
ing operation has been eliminated from the windows by setting the digits to
zero (by rotating the individual digit wheels), entering the amount o be added
may begin. For example, to set the value f3.15.7, a calculating stylus (or
finger) is introduced into the space between the spokes next to the digit 7, in
the last place from the left, and the wheel is rotated until the stylus strikes
against the fixed stop mounted at the lower edge. This transmits the value of
7d into the first window from the right. Next, one begins the setting of the
sols in the space between the spokes next to the digit 13 of the second setting
wheel from the right. This setting wheel is rotated around to the stop that
transmits the digit 15 into the corresponding (second) window. Finally, the
value 3 (livres)is entered in the third wheel from the right in the same way.
In this manner, any selected additional amounts may be added to the result
wheels, the conversions {124 = | sol, 20 sol = £1) being carried out by the
tens-carry mechanism without any need for the operator to concern himself
about the matter. In this connection it must be pointed out, however, that the
tens-carry is not complete but is limited to a few places. The black digits that
appear in the windows are printed on small rollers or drums at the end of the
gear train connecting them to the setting wheels.

Pascal’s machine is also suited for subtraction. The drums just described
not only possess black additive digits but they also have a second row with
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red subtractive digits. When it is desired to change from addition to subtrac-
tion, the black additive digits are covered up by a cover slide extending over
the whole length of the machine, as shown in figure 14, which exposes the
red subtractive digits and permits the machine to be used in exactly the same
way for subtraction as for addition; thus it is unnecessary to enter subtractions
in the opposite direction.™

Even multiplication is possible, but in multiplication the two first positions
from the right—that is, the derniers and sols—must be ignored. If an amount
is to be multiplied by 52. it is entered twice in succession, commencing with
the third wheel from the right. The hand is moved one position to the left,
and. starting with this position, the amount is entered five times in succession;
the correct product should now appear in the windows. It must be admitted
that this form of multiplication is rather complicated. Actually the machine is
not a calculating machine but an adding machine: in fact all similar machines
with stylus setting mechanisms should be called adding machines rather than
calculating machines because in such machines multiplication takes place in
the same somewhat complicated way.

In about 1647 Pascal heard that a clockmaker in Rouen was copying his
machine. He attempted to prevent the clockmaker from doing so by sending
one of his own machines to Chancellor Seguier, petitioning him for protection
of his invention. This machine is still in existence and is currently the prop-
erty of a partner of a well-known French shipping company (Chargeures Reu-
nis. in Bordeaux). It bears the following dedication.

Hlustrissimo et integerrimo Francioe cancellario, 1). 1). Petro Seguier. Blusius Pus-
cal, patricius arvernus inventor D. D. D. Pascal. »

M. Fortunat Strowski of the Sorbonne reports in the Revue Duactvlo-
graphique of 1908 (p. 243), that more than fifty models of the Pascal machine
are still in existence. He also reports that they are

tous differents. les uns composés de verges ou de lamines droites, d’ autres de courbes,
d’autres avec chaines, les uns avec des rouages concentrigques, d autres avec des
excentrigues, les uns mouvant en ligne droite, d autres circulairement, les uns en
cones, d'autres en cyvlindres, et d"autres tout différents, de ceux-la, soit pour la ma-

11. In fact it is impossible to rotate the mechanism in the opposite direction because of the
way Pascal implemented the carry mechanism. Subtraction was performed using ¢omple-
mentary digits hy methods described later in this work.

12. To the most illustrious and honorable Chancellor of France, Pierre Seguier. Blaise Pas-
cal. a nobleman of Auvergnc, gives this as a gift. Pascal.

g g e
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Figure 15

tiére, snit pour la figure, soit par le mouvement. L’ivoire, le bois. le fer. le cuivre,
seuls ou combinés, furent essuvés."

Pascal also sent an example to Queen Christina of Sweden. Two machines
are reported to be in Clermont-Ferrand; another example (from 1652)may be
seen in the Conservatoire des Arts et Métiers of Paris. It bears the following
dedication on the inside of the casing:

Celeberrimae scientiarum academieae Parisiensi instrumentum hoc arithmeticum a,
D. Blusio Pascal inventum et probatum offerebat nepos ejus ex matre, anno MDCCXI.
Perier. preshyter, Canonicus Ecclesiae Claromontensis."

Figure 15 shows an eight-place machine with the lid removed and set in
front of the machine proper. Figure 16 shows the interior of a ten-place ma-
chine that can be found in the Mathematical-Physical Salon in Dresden. Rep-
licas of Pascal's machine may be found in the calculating machine museum

i3. . . . all different, some are made Of rods or of straight plates, others curved. yet others
use chains, some with concentric wheels and others with eccentric wheels. some move along
straight lines. some in circles. others in cones, yet others in cylinders and yet others com-
pletely different from these. be it in material, configuration, or movement. lvory, wood, iron,
copper. or combinations were all tried.”

14. To the celebrated Paris Academy Of Sciences: this arithmetic machine. invented and
constructed by Blaise Pascal. is offered by Perier, priest and canon of the church in Clairmont
and grandson on his mother’s side, 171 1.
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Figure 16
(Source: Engelmann. Phil. Matthdus-Hahn)

of Grimme,"® Natalis and Company, and also in the Deutsches Museum in
Munich.

Sam Morland (1666)

Morland constructed an adding machine that can at best be regarded as an
improvement of Pascal's machine,' and also a multiplication machine based
upon the principle of Napier's calculating rods."”

Leibniz (1672-1712)

Indignum enirn est excellentium virorum horas servili calculandi labore perire, qui
machina adhibita vilissimo cuique secure transcribi posser.'
—Leibniz

In 1672 the famous mathematician and philosopher Gottfried Wilhelm Leib-
niz began to occupy himself with the design and construction of a machine

15. Now in the Braunschweigisches Landesmuseum. Braunschweig. Germany.

16. This machine did not incorporate a proper carry mechanism—all carries were recorded
on separate dials and the user then had to manually add the contents of these dials to the next
digit. It is. thus. difficult to see how it could be classed as an improvement on Pascal's
machine.

17. More commonly known as Napier's bones.

18. It is beneath the dignity of excellent men to waste their time in calculation when any
peasant could do the work just as accurately with the aid of a machine.
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Figure 17
Machine in its case.

for the four fundamental operations of arithmetic. Thinking he would find
more competent help in Paris,"* he moved there and employed the mechanic,
Olivier, from 1676 until 1694. For ten more years Professor Wagner and the
mechanic Levin in Helmstedt worked on the machine and, after 1715, the
mathematician Teuber in Leipzig did the same. It is not known how many
machines were completed, but it may be assumed that there were three; two
were once sent to Helmstedt to be repaired and since then nothing has ever
been heard of them. The third is the one shown in our figures. This one is
now in the Kaestner Museum in Hanover, but it is not in usable condition.
Neverthcless. it still clearly shows the method of operation.

The mechanism is 67 cm long, 27 cm wide, and 17 cm high and is housed
in an oak case. It was this machine that first used the stepped drum mecha-
nism upon which, as is generally known, Hahn's machine, the Thomas ma-
chine. and the numerous imitations of same are based. Inside are two rows
of stepped drums, one in the setting mechanism and the other one in the
calculating mechanism. The calculating mechanism (with its sixteen places)
was stationary, but the eight-place setting mechanism may be shifted along

19. In fact. Lcibniz had at the time a diplomatic posting that required his presence in Paris.
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Figure t8
Complete machine, without its case

the individual places of the calculating mechanism with the aid of a crank.
The transmission of the amount set up into the calculation mechanism like-
wise occurs by rotation of a crank. Subtraction and division are carried out
by similar rotations of the numeral wheels with the exception that all readings
must be taken from the red subtractive digits rather than the normal black
additive digits. The machine also possesses a tens-carry and a zero setting
device.

The setting mechanism consists primarily of eight numeral dials bearing
the numbers O to 9 and having pointers by means of which the multiplicand
is set up. To the right of the small setting dial there is a large dial consisting
of two wide rings and a central plate—the central plate and outer ring arc
inscribed with digits. while the inner ring is colored black and is perforated
with ten holes. A crank is located in the center. if onc wishes to multiply a
number on the setting mechanism by 742. a stylus is inserted into hole 2 of
the black ring and the crank is turned; this turns the black ring until the stylus
strikes against a stationary stop between the O and 9 positions. The result of
the multiplication by 2 may then be seen in the windows. The next step re-
quires that the setting mechanism be shifted by one place, the stylus inserted
into hole 4 ,and the crank turned, whereupon the multiplication by 42 is com-
pleted and may be read from the windows. Again the setting mechanism is
shifted by one place, the multiplication by 7 is carried out in the same manner,
and now the final result of the multiplication by 742 appears in the windows.

Division is done by setting the dividend in the result windows and the
divisor on the set-up dials, whereupon a turn of the crank is performed and
the quotient may then be read from the central plate of the large dial.

T e
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Figure 19
Setting mechanism and stepped drums

The machine had been lying for 250 years in an attic at the University of
Géttingen until it was found when the roof was repaired. In 1893 it was sent
to Arthur Burkhardt in Glashutte (Burkhardt is well known as the senior de-
signer of calculating machines in Germany) to be put into operable condition.
However, parts of the machine were missing. When the machine was re-
turned, the following notes were made:

All material parts of the Leibniz calculating machine are in operable condition. With
the aid of a crank, the eight stepped drums may be rotated to the left and to the right.
At the same time the quotient moves correctly. The stepped drums can be shifted
axially. but some of them are too short, so that when the control drums are completely
shifted from 0 to 9, the gears driving the drums, which are arranged upon the same
shaft, become disengaged. The control mechanism may be moved to all positions by
the screw spindle. The digit carriage operates correctly in part. Certain parts engage
completely. The tens-carry from one element to the adjacent one is correct. We do not
question Mr. Burkhardt's conclusion that, the way the machine is arranged, tens-carry
to two, or more than two, adjacent elements was not possible. Under this assumption,
the machine would not have been able to perform multidigit calculations entirely me-
chanically. Mr. Burkhardt's treatment of the machine is nevertheless valuable because
it brought proof that the Leibniz machine possesses ali the fundamentals for the man-
ufacturc of a usable machine.

A detailed report by Burkhardt describing his repair work on the machine
may be found in the Zeitschrift Fur Vermessengswesen, 1897, p. 392.
Leibniz concerned himself with the task of constructing a calculating ma-
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chine over his whole lifetime, and he sacrificed for this purpose 24,000 talers,
which was a very large sum of money at the time. The written testament
always mentions an operating machine, which might be an additional proof
that the existing machine was not the only one built. Professor Mehmke is of
the opinion that one of the Leibniz machines was based on a wheel with a
variable number of teeth,* a device that was to be employed much later by
Baldwin and Odhner. (In 1673 Leibniz submitted the plan of his calculating
machine to the Royal Society in London and somewhat later he submitted the
completed machine to the Academie des Sciences in Paris.)

As long as no properly functioning model of the Leibniz machine can be
produced, or at least no real proof of a properly functioning Leibniz calculat-
ing machine can be found, it seems that Hahn deserves the credit for having
designed the first practically usable machine for the four fundamental opera-
tions of arithmetic.

Grillet (1678)

This is an adding machine similar to Pascal’s machine.” It has three rows of
seven dials, the rows lying below one another. Numbers are set on the dial
by turning them with a stylus. The machine possesses no control mechanism,
thus it has no need of any device, such as a crank, wheel, or band. to power
it. It is described in the Journal des Scavans, (1678).

Poleni (1709)

In 1709 Poleni, a mathematician and professor in Padua, published a descrip-
tion of a calculating machine he invented. It is described, complete with dia-
grams, in Poleni’s book, Miscellanea, 1709, p. 27,22 and also by Lcupold in
his book, Theatrum Arithmetico-Geometricum.” The machine is made of
wood and is rather large, but is reported to have a gear with a variable number
of teeth. Weights were employed instead of springs. The machine was later
destroyed by Poleni himself.

20. See the note concerning this point in the introduction. under the heading “The Pinwheel
Machine.™

21. René Grillet's machine had no carry mechanism and was simply a set of dials that could
be rotated to record numbers and the results of mental arithmetic operations.

22. Poleni. Giovanni. marchese. 1709. Miscellanea. Venice.

23. Leupold. Jacob. 1727. Theatrum Arithmetico-Geometricum. Leipzig.
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Figure 20
Poleni’s machine

Lepine (1725)

This is an adding machine without keys, essentially a simplified version of
Pascal’s machine.

Leupold (1727)
In the Theatrum Arithmetico-Geometricum,** Jacob Leupold published the

drawing of a calculating machine shown in figure 21. but it was never
constructed.

24. Leupold, Jucob. 1727. Theatrum Arithmetico-Geometricum. Leipzig.
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Figure 21
Machine of Leupold. (Source: Engelmann, Pfarrer Phil. Matthius-Hahn)

Poetius (1728)

In his Anleitung zur Arithmetischen Wissenschaft,” published in 1728. Johann
Michael Poetius provided ideas for a calculating machine, but it seems they
were never acted upon to produce a working example.

25. Martin does not give the title of the main work; it is usually cataloged under Poeli.
Introduction to the Science of Arithmetic. ). Mich. 1728, Anl. z.b. arithmet. Bissensch.

Halle. Fritsch.
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Hillerin de Boistissandau (1730)

This is an adding machine. without key setting. similar in type to that pro-
duced by Pascal. The friction generated during the use of this machine was
SO great that it could not be used in practice. The inventor attempted to im-
prove it twice, but without success.

Gersten (1735)

In 1735, C. L. Gersten, mathematics professor in Giessen, submitted to the
Royal Society in London an adding and subtracting machine with setting
slides that had six places in the setting mechanism and seven places in the
result mechanism and that also had a tens-carry mechanism. A model of the
machine can be found in the Calculating Machine Museum of the firm
Grimme, Natalis and Company in Braunschweig.?*¥

Pereire (1750)

Jacob Isaac Pereire constructed a machine having a number of small boxwood
drums, all of which rotated around a common shaft. Each drum had the digits
0 to 9 written around the circumference three times. This small machine was
housed in a box, the surface of which had slots for each of its numeral wheels.
The wheels could be set into motion by manipulating them through the slots
with the aid of a pointer or stylus.

Hahn (1774)

The Parson Phillip Matthaeus Hahn was born on 25 November 1739, at
Scharnhausen. He was not only a parson but an eminent clockmaker and
maker of astronomical instruments as well. He also undertook, from 1770in
Kornwestheim and from 1781 in Echterdingen, the manufacture of calculating
machines. According to the present status of research in calculating machines,
he was the first to design a truly usable calculating machine for all four arith-
metic operations and to manufacture a number of models, several of which
have been preserved and are still in usable condition. Although he knew that

26. We believe that. in this case. model should be interpreted as replica.
27. Now in the Braunschweigisches Landesmuseum, Braunschweig. Germany.
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Figure 22

Leibniz had occupied himself with the problem for forty years and had sac-
rificed a fortune for it without producing a machine capable of solving large
problems, Hahn was not deterred from considering the matter in detail.

In his experiments he used the stepped drum, which Leibniz had used be-
fore. It is not known whether Hahn reinvented the stepped drum or simply
borrowed the concept from Leibniz. He arranged the stepped drums in a circle
so that on the outside his machine is similar to the one designed by Leupold.

Max Engelman's book Leben und Wirten des wiirttembergischen Pfarrers
und Feinmechanikers Phillipp Matthdus Hahn gives, on page 4, detailed in-
formation on the history of the development of his machine.”* The first ma-
chine was demonstrated in 1774, but it is possible that a usable model existed
asearly as 1773.

The machine illustrated in figure 22 is the property of the Duke of Urach.
In 1882 it was repaired by Arthur Burkhardt, who is well known as the
founder of the German calculating machine industry. Figure 22 shows the
complete machine out of its case. Figure 23 shows the frame, the stepped
drums, and the drive gears. Figure 24 shows the movable carriage and the
indicator mechanism with the crank.

2X. The Life and Activities of the fine Mechanic Phillip Matthaus Hahn of Wurtemberg. This
volume appears to be extremely rare.
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Figure 24

The method of operation of the machine is explained in detail in Hahn's
Beschreibung des rechten Gebrauchs der Rechenmaschine,” (Cod. Math. 4
No. 55, State Library in Stuttgart)."

The calculating machine has twelve numeral rods inserted around its outer rim. and
inward has twelve large enamel plates. on each of which there is a row of black and
a row of red digits. Further toward the center are twelve small enamel plates on which
the digits { to O are written. To begin adding, one sets the indicators on the black
numbers on the large numeral plates. Each indicator has a window or opening so that
the digits may he seen through it. Since adding and multiplying are done with the
black numbers on the enamel plates, just above the indicator and the engraved numbers

29. A Description of the Proper Use of the Calculating Machine.

30. The following is a translation of a quaint German text of 200 years ago. and frequently
the sentences seem mutilated or in the wrong order. The editors have made only minor at-
tempts to correct the worst of these problems.
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the letters A and M are indicated. In the same way, the letters S and D are above the
remaining numbers.

For addition the intermediate, larger, numeral plates are all set at zero if | wish only
to add with units or tens. because here the sum is to appear." The digits will appear
below the openings of the numeral plates. In connection herewith it should be noted
that addition and multiplication take place with the aid of the black digits, and sub-
traction and division take place with the aid of the red digits. In order to give an easy
example. let us assume that | wish to add 12, 8, and 15. For this purpose | withdraw
the numeral rods so that the unit rod shows 2 at the bottom near the rim and the tens
rod shows |. Then | turn the crank around once, and 12 appears in the windows of
the intermediate numeral disks which formerly showed zero. Now | set the unit rod to
8. turn around once. and 20 will appear in the openings; then | set the unit rod to 5,
the tens rod to |, turn around, and 35 will appear in those windows, and so on. No
matter how large the number and how long the column of digits to be added, all will
add into onc sum. When adding larger numbers the pracedure is:

1. One row, for instance 34,562. is set into the larger numeral plates in black digits
below the openings.

2. The other number given, for instance 23,541, is set up at the outermost rim by
withdrawing the numeral rods. so that on the unit rod the lowest digit is I, on the rod
of the tens the lowest digit is 4, on the rod of hundreds it is 5, and so on until the
second number given is completely expressed.

3. Then the crank is lifted a little, until its point of rest is passed, and is turned around
until it strikes against a stop; then the sum 58,103 appears in the openings.

Subtracting occurs in the same way. The larger number given, for instance 58,103,
is set in red digits underneath the openings of the larger numeral plates; the smaller
value, for instance 34,562, is set below in the numeral rods. As in addition, units are
always to be beneath units, tens are to be beneath tens; then the crank is released and
is turned once around, and as a result 23.541 will appear in red digits below the
openings.

Multiplication is carried out in the following manner:

I. One of the given values. for instance 3,235, is set below on the numeral rods.**
2. The larger and smaller numeral plates are set at black zeros below the openings.

3. The crank is turned around as often as the first digit of the other given number,
that is. if the multiplier be 432, until the digit 2 appears in the first upper opening of
the small numeral disks.

4. Now L move the multiplier one place ahead. This happens if | release the steel latch
on the outer rim and advance the inner disk with the numeral plates by one gap as
provided on the outer rim of the disk until the latch engages again or until the indicator

31. Hahn appears to he describing the larger numeral plates as intermediate between the
numeral rods and the smaller plates closer to the center.
32. Hahn refers to setting numbers on the stepped drums with his rods as setting below.
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in the center of the surface points to the second small upper numeral plate; (then | turn
the crank) until the second digit of the multiplier, which in the present case is 3,
appears in the opening. Since in the present case the multiplier consists of three digits,
| once more move the inner disk by one gap in the exterior rim until the indicator in
the center points to the third numeral plate, then | turn around the crank until (in this
case) the digit 4 appears in the third opening of the third numeral plate. Now the
numbers have been multiplied and the product 1,397,520 appears in the lower win-
dows of the larger numeral plates in black digits.

Division occurs as follows:

I. The dividend. for instance 1,397,520, is set in the red digits upon the larger lower
numeral plates beneath the windows, that is, in the present case O appears upon the
units tablet. 2 appears upon the tens tablet, and so on, in red digits.

2. Zeros are set below the small numeral plates.
3. The divisor is set below with the numeral rods, for example, 3235.

4. Now the inner disk with the plates is moved just like in multiplication in such a
manner that the value 3235 is positioned below the value 13975, and because 1397 is
smaller than 3235, | had to move the divisor one place further in order that the divi-
dend be larger than the divisor, in the same manner in which it is customary to position
the values in ordinary division.

5. Now | turn the crank until the value positioned above the divisor becomes, for the
first time, smaller than the divisor, for which reason it is necessary to check every
time that the crank has been turned around whether the upper value is not yet smaller
than the value placed underneath— which in the present instance will be the case dur-
ing the fourth turn of the crank. Now 1035 will appear above the divisor instead of
13975.

6. Therefore | shift the disk with the dividend by one place with the result that my
divisor now appears below the value 10352. Now again | turn the crank until this
value becomes smaller, which will be the case during the third time, and 647 will
remain as the diminished value from which the divisor 3235 can no longer be sub-
tracted. For this reason, | again move one place ahead so that the divisor will be
positioned below the value 6470. If | now turn the crank until this value is smaller
than the divisor, this will occur during the second time. Then there will be only red
zeros in the windows as a sign that there is no remainder, unless a fraction has re-
mained, which would show. Now the openings of the upper numeral tablets will show
the values sought, namely the quotient 432. If something had been left over and the
divisor had not gone into the dividend without remainder, then the remaining value
would have been the upper part of the fraction above the line and the divisor would
have been the lower part of the fraction below the line.

The rule of threc and other calculations, such as calculation of fractions, and square
root. and cubic root extractions, may all be performed on the calculating machine
because they may all be carried out through multiplication and division; all one has to
know is how to position properly. If the correctness of the result is doubted, the prob-
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lem should be attempted in the opposite form of calculation. For instance, if one has
multiplied, then divide this number so one has proof of the correctness of the
calculation.

It is strange that the published literature has not mentioned the similarity
of the main parts of the Thomas machine with Hahn’s machine much earlier
than this, We conceded to the Frenchman the invention of the calculating
machine, although Thomas merely produced Hahn’s machine in a partly mod-
ified form and exploited it commercially, whereas the manufacture of Hahn’s
machine was discontinued soon after the death of Hahn (2 May 1790)and his
collaborators. At the occasion of the Exhibition of Scientific Apparatus in
South Kensington Museum in 1876, the original machine. illustrated in fig-
ure 22, was demonstrated and the exhibition catalogue contained the follow-
ing statement on the subject:”

The model on display shows all the details of arrangement of the Thomas calculating
machine which is now in use. with the difference that in the Thomas machine the
digits are arranged in a straight line, whereas they are arranged in a circle in Hahn’s
machine. Most likely a model was the pattern for the Thomas calculating machine.
The machine operates perfectly well up to values having twelve digits.

In his rather interesting publication, Die Sogenannte Thomassche Rechen-
maschine,”* Professor F Reuleaux criticized this opinion as inaccurate and
going too far. However, the Thomas machine has several main characteristics
in common with the older machine: the stepped drums already used by Leib-
niz, although with twice the number of teeth as Hahn’s, an automatically
operating tens-carry mechanism that acts through all places, a shiftable car-
riage. and finally the employment of black additive and red subtractive digits
on circular numeral disks. Since Engelmann’s book tells us that Hahn was
continuously in contact with the city of Colmar, by maintaining correspon-
dence and business relations with a parson Giinther who lived in Colmar. it
is entirely possible that this connection drew Thomas’ attention to Hahn’s
machine and Thomas used Hahn’s machine as prototype and created his well-
known arithmometer by using it as the basic model.

Whether Thomas used Hahn’s machine as a pattern or not is of lesser im-
portance. It is more important that the view, originally prevalent, that Hahn’s
machine was not operative has been thoroughly disproved

33. See Handbook of Scientific Apparatus. London: HMSO, 1876.

34. This is a translation from Ernst Martin’s German and not a quotation from the original
English version.

35. The So-Called Thomas Calculuting Machine, published in Leipzig by A. Felix. 1892
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1. by the detailed description of the operation of the machine as reprinted
above,

2. by the above mentioned opinion of the London Exhibition, and

3. by the fact that there are still machines in existence, which can demon-
strate at any moment that Hahn’s machine was capable of performing the four
basic operations of arithmetic in a thoroughly reliable manner.

Hence, Thomas was by no means the builder of the first usable calculating
machine that permitted performance of not only addition and subtraction but
also of multiplication and division; it is Phillip Matthaeus Hahn who deserves
the credit.

It has not been established how many copies of this machine were pro-
duced. According to Engelmann there are four in Stuttgart, there is one in the
Deutsches Museum in Munich (which also has two copies by his brother-in-
law, Johann Christopher Schuster), one is owned by the Duke of Urach, one
is in the Technische Hochschule in Charlottenburg (likewise by Schuster).
Since Hahn’s two sons in Stuttgart and his brother-in-law Schuster in Uffen-
heim and Ansbach manufactured calculating machines after Hahn’s death
(Schuster, in fact, up to 1820), it is likely that an appreciable quantity were
produced having various numbers of decimal places.

Mahon (1775)

Lord Mahon, Earl of Stanhope, designed two machines, one for addition and
subtraction and the other one for multiplication and division. His construc-
tions are also reported to exhibit the drums with teeth of uneven length
(stepped drums), which were employed by Leibniz and Hahn.

Miiller (1783)

Johan Helfreich Muller, a captain in the engineers and county surveyor, de-
signed a calculating machine, which he had built by a clockmaker from Gies-
sen. It is very similar to Hahn’s machine, but Hahn’s setting rods, which were
adjustable in height and had to be handled very carefully, were replaced by
rotatable disks that bore the digits 0 to 9, The machine also had a signal bell.
In later years Hahn’s brother-in-law Schuster manufactured calculating ma-
chines embodying Miiller’s improvements. One of them may be found in the
Deutsches Museum in Munich, and a Muller machine may be found in the
museum in Darmstadt.



52 The Calculating Machines

Figure 25
Mitler’s machine.

Auch (1790)

Jacob Auch, one of Hahn's coliaborators, constructed a machine that can be
seen in the Physical Institute of the Technische Hochschule in Karlsruhe. It
was rectangular in form and is reported to have been suitable for adding,
multiplying, subtracting, and dividing (figure 26).

Steffens (1790)

This is another German calculating machine which is unknown in practice.*

Reichold (1792)

The parson Reichold of Dottenheim in Aischgrund engaged, just like his col-
league Hahn of Kornwestheim, in the manufacture of wooden clocks. He also
made, among other things, a calculating machine for addition, subtraction,
multiplication, and division. However, this machine did not offer any partic-
ular advantage over earlier machines. If Parson Reichold had not died early,
he would undoubtedly have made a significant contribution t the develop-
ment of calculating machines.

36. Martin often uses the phrase unknown in practice. The editors are unsure if this implies
nor known o be extant or simply never became of any practical importance, however the
editors know of extant machines that Martin referred to in this way. and thus the latter phrase
may be the best translation.
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Figure 26
(Source: Engelmann, Phil. Matthidus Hahn)

Stern (1814)

The clockmaker Abraham Stern of Warsaw constructed a machine in which
it was only necessary to set up the amount to be manipulated and then to start
a clockwork mechanism. In 1817 he made a second machine that served
mainly for extracting square roots. Later he consolidated the two machines
into one, but it never had any real influence on further developments.

Thomas (1820)

In 1821 Charles Xavier Thomas of Colmar (1785-~1870) (founder and man-
ager of the Compagnie d'Assurance Le Phénix, 33, rue de I'Echiquier, and
the Compagnie d’Assurance Le Soleil, 13, rue du Helder, both in Paris) sub-
mitted, to the Société d’Encouragement pour L’Industrie Nationale in Paris a
calculating machine he had constructed, which he called an arithmometer.
Thomas is usually thought of as the founder of the calculating machine in-
dustry because Parson Hahn's efforts probably did not yet amount to an in-
dustry since he and his collaborators manufactured only a relatively limited
number of their calculating machines. Thomas devoted himself to this branch
of industry up to the time of his death, and he raised this industry, over a
period of several decades, to a rather high level. In fact, up to the time when
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Figure 27
The oldest Thomas machine.

the calculating machine industry was introduced into Germany by Arthur
Burkhardt (1878}, the Thomas workshop was the only firm in this line and
supplied the whole world with its products. We know, for instance, that the
Thomas workshop completed five hundred machines from 1821 to 1865,
three hundred machines from 1865 to 1870, four hundred machines from
1871to 1875, and three hundred machines from 1876 to 1878. Approximately
30 percent of these machines were six-place machines, 60 percent were eight-
place machines, and 10 percent were ten-place machines. Out of one hundred
completed machines, sixty went abroad and only forty remained in France.
The cost of a sixteen-place machine was five hundred francs, which at the
time was generally regarded as too expensive to permit a larger turnover.”’

The Machine of 1820 This machine, Thomas’ first model, had only three
setting slides and consequently it had only three stepped drums, but it had six
places in the result mechanism. A fourth setting slot is provided to the left of

37. The sixteen-place machine presumably is one that showed sixteen places in the result.
These machines allowed eight-place entries.
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the other three, which is likewise provided with the scale | to 9 and with a
slide bearing the inscription multiplicateur. Below this slide, in the interior
of the machine, is a drum with a silk ribbon attached to and wrapped around
it. The other end of the ribbon sticks out of the machine on the left hand side.
To the left of the ribbon drum, also in the interior of the machine, there is
another drum with nine steps and a spring attached between the drum and the
machine casing. The two drums are connected by gears. The spring causes
the ribbon drum to rewind; that is to say, the force of the spring automatically
wraps the ribbon back on the ribbon drum after it has been pulled out during
calculation. The three stepped drums are connected with one another and with
the ribbon shaft by means of gears. When the ribbon is pulled, the ribbon
shaft rotates, which, in turn, causes rotation of the three stepped drums.
When a value has previously been set on the stepped drums by means of the
slides (and if the slide of the multiplier device has been set © 1 on the scale),
rotation of the drum will transmit that value into the result mechanism. Thus
the pull on the ribbon takes the place of the turn of the crank employed in
today’s machines.

How <oes multiplication occur on such a machine? Recall that there is a
multiplication slide that may be shifted along a scale marked | to 9. This slide
acts upon the previously mentioned drum with nine steps in such a manner
that if the slide has been set t 3 and the ribbon is then pulled. the ribbon
drum can make exactly three revolutions. This rotates the three stepped drums
exactly three times around their axes since the ribbon drum is connected with
the stepped drums through gears, and thus the amount registered on the re-
spective three places is transmitted three times in succession onto the result
mechanism. Since the carriage may, if lifted, be moved horizontally, the ma-
chine permits multiplication of multidigit values.

The carriage possesses six double windows. A numeral disk, situated be-
low two associated windows, contains two sets of digits—a black set on the
outer edge of the disk and a red set on the inner edge. The black digits appear
in the left window and the red ones in the right window; the black ones show
the results of addition and multiplication and the red ones the results of sub-
traction and division. In order to avoid confusion, a perforated draw band is
provided that exposes the left windows during addition and multiplication and
the right ones during subtraction and division.

Subtraction occurs in the same way as addition except that the larger item
may be set up directly with the aid of rotating knobs placed below the win-
dows. The subtraction windows are opened, the amount to be subtracted is



56 The Calculating Machines

Figure 28
The machine of 1848

set on the setting slides, the multiplication knob is set to I, then the draw
ribbon is pulled out. Division occurs in the same manner except that the car-
riage is displaced from place to place in the same way as with multiplication.

The Machine of 1848 This machine has five slide slots and the previously
mentioned multiplication slide. It has ten places in the result mechanism with
only one window each because transition from addition-multiplication to
subtraction-division is affected by a lever. In place of the complicated ribbon
mechanism, a crank is provided in the front part of the machine. The individ-
ual stepped drums have only nine teeth instead of eighteen.

The Machine of 1858 The main improvement in this version of the Thomas
machine is the second counting mechanism without a tens-carry (revolution
counting mechanism). The uses to which this can be put have been described
in the general description of stepped drum machines in the Introduction. The
machine was also provided with one zero-setting device that acted on all the
windows of the result mechanism and another for all the windows of the
revolution-counting mechanism. Previously, all the numeral disks had to be
set to zero individually by turning knobs placed below the individual win-
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Figure 29
Present day model

dows. The zero-setting device is in the form of a rotating knob that is turned
to the right until all the windows of the respective numeral mechanisms show
zero. The zero-setting device of the result mechanism is mounted on the right
side of the upper surface of the carriage, whereas the zero-setting mechanism
of the revolution-counting register is arranged at the left.

The Machine of 1878 In this model the setting slides were provided with
small springs, which, when the slide has been set to a certain digit, cause the
slide to slip into a notch opposite that digit so that an accidental movement
of the setting knob during operation of the crank is avoided. The tens-carry
mechanism was materially improved. Means were provided to prevent over-
throw.”” Of course, Thomas never manufactured the machines himself, rather
he contracted out this aspect of the business. In the 1870s, A. M. Hoart was
engaged in their manufacture in the house of the Insurance Company Soleil,
13 rue du Helder. Later the manufacture was transferred to L. Payen, then to
L. Payen’s successors, 16 rue de La Tour des Dames. Today Aph. Darras,
123 Blvd. St. Michel, Paris manufactures the arithmometer in France with
12, 16, and 20 places in the result mechanism. Figure 29 shows a machine
of the present manufacturer. One of the older original Thomas machines can
be found in the Deutsches Museum in Munich.

38. Overthrow is the result of turning the crank with enough force that the momentum applied
to the mechanism causes it to rotate past its normal stopping point and, as a consequence,
produce incorrect results.
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Tyrell (1830)

In many instances the literature contains only meager information about many
of the details of the construction of different machines. These machines were
of no influence in the further development of the calculating machine art, but
we would like to mention them nevertheless for the sake of completeness. To
this class of little-known instruments belongs the adding machine patented to
the Englishman John Tyrell on 13 November 1830, which F. M. Feldhaus
mentions in his Technik der Vorzeir.*®

Samuel Downing (1833)

In 1829, after new imperial weights and measures were introduced in En-
gland, Downing constructed new slide rules as calculating aids for the new
system. In the production of these instruments he used a composite plane for
preparing the edges and the slides. He later invented a calculating machine
about which there is some meager information in the English technical peri-
odicals of his time. His calculating machine, which was intended to be com-
petitive with the calculating machine designed by Babbage, was patented in
England in 1833 and has been described in several places. No drawings are
in existence.

Daniel Kohler (1835)

With regard to this inventor’s adding machine, a contemporary report states
that it (like all the other calculating machines that had been produced to this
time) might, at best, find a place in the model collection of scientific
societies.

J. S. Holland (1835)

According to a patent application. J. S. Holland of Three-Colt Street in Lime-
house, London, invented a calculating machine capable of addition, subtrac-
tion, multiplication, and division, and also of solving problems of the rule of
three, of powers, roots, and additional calculating problems. His machine was
reported to have been so simple that it was not nearly as liable to malfunction

39. Technical Science of the Past. published in Leipzig and Berlin by W. Engelman, 1914,
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as other models and would not cost any more than an ordinary clock. It was
stated that any skilled mechanic would be capable of making it. Yet nothing
was ever heard about this calculating machine again.

Barnet (1842)

The next English patent taken out for a calculating machine was that of Bar-
net. No further information is available.

Roth (1841)

Dr. Didier Roth. 21, boulevard des Capucines, Paris, designed an adding and
subtracting machine with a stylus setting mechanism — similar to Pascal’s ma-
chine but materially improved. Unlike Pascal’s machine, Roth’s is almost
entirely flat. Here the result digits (O to 9) appear twice on horizontal gears
and are covered by a plate with semicircular slots so that one can see only the
individual teeth of the gears. The addition digits are marked on the cover
plate just above the setting slots. Setting of a value occurs by inserting the
stylus next to the digit to be set up and pulling the setting gear to the left until
the stylus reaches the end of the slot, whereupon the respective number ap-
pears in the window below. Unlike Pascal’s tens-carry, the tens-carry in the
Roth machine is a gradual one and consequently carries through to the last
place. This is especially important in Roth’s machine because of the zero-
setting mechanism. Resetting is done by pulling a knob at the left of the
machine that sets all gears to 9. In order to obtain zero setting, which is
necessary for a new setting of the next value, 1 is added in the first place
from the right, which sets all windows to 0. The individual digit gears are
provided with locks so that no overthrow can occur. Later the machine was
somewhat improved by providing red subtraction digits within the setting
slots, whose setting result was shown in separate red subtraction windows so
that the machine could be conveniently employed for subtraction as well. The
machine was supplied with eight digit places, but neither in France nor in
other countries did it gain any importance. Manufacture was discontinued a
long time ago. An example of Dr. Roth’s machine may be found in the Cal-
culating Machine Museum of the firm Grimme, Natalis and Company of
Braunschweig .*

40. Now in the Braunschweigisches Landesmuseum, Braunschweig, Germany
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Figure 30

Dr. Roth also designed a machine that externally resembles Hahn's ma-
chine and possesses gears with a variable number of teeth. Setting up an
amount upon the external numeral dials of the machine releases the corre-
sponding teeth that carry out multiplication when the crank is rotated. The
result may be read from the window of the inner circle. This machine, like
his simpler adding machine. was of no importance, but two models of it may
be found in the Conservatoire des Arts at Métiers in Paris.

Marston (1842)

No details are known about this machine that was patented in England.

Wertheimber (1845)

This English patent represents another attempt in calculating machine design
to employ the pinwheel, which is the gear with a variable number of teeth.
However, the idea was not actually implemented at the time. Baldwin was
the first to revive this invention, and he actually used it in a machine for the
first time (see Baldwin, 1875).

Staffel (1845)

This is a seven-place adding machine made by J. A. Staffel, a Pole. The
machine is flat and has setting slides and windows below the slide slots. A
zero-setting device is provided at the right side of the machine. Like Roth's
earlier adding machine. it never gained any importance. An example may be
found in the Calculating Machine Museum of the firm Grimme, Natalis and
Company in Braunschweig.'

41, Now in the Braunschweigisches Landesmuseum, Braunschweig, Germany
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Figure 31

Arithmaurel (1849)

This device was made by Maurel and Jayet. The machine is especially well
suited for multiplication and division but is also capable of performing addi-
tions and subtractions. The operation is very simple. The whole setting mech-
anism and the result windows are shown in figure 31.

For multiplication the larger amount is set up with the aid of the eight
setting bars, which can be seen on the top edge of the machine. These are
pulled out (forward)as required until the digit to be set up is positioned next
to an indicator. Multiplication is carried out by means of the four keys shown
on the front face of the machine. Each key has an indicator dial associated
with it. There is no carriage shift. The first dial at the right performs unit
multiplication, the one positioned below performstens multiplication, the one
situated at the lower left performs hundreds multiplication. and the last one
performs thousands multiplication. As soon as one of the key-driven dials has
been shifted to a certain number, the result may be read from the lowest set
of windows. The machine allows multiplication of eight-digit values by four-
digit values. The upper row of result windows serves to maintain a sum during
continued multiplication. This is undoubtedly a rather interesting machine,
yet it did not find introduction into practice because it is fairly complicated
and may easily get out of adjustment. An example of the machine may be
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Figure 32
Parmelee.

found in the Conservatoire des Arts et Métiers, Paris. Two more examples
are in the hands of private French owners.

Parmelee (1850)

The Parmelee machine is the first adding machine with keyboard (key-driven)
setting. It must be admitted, however, that it was rather primitive and never
went beyond the experimental stage.* It has nine keys, 1 to 9, which are
mounted upon a progressively ascending key lever. At the other end of the
machine there is a graduated bar marked with successive digits, and the front
side is provided with teeth. Upon depression of a key, a lever (mounted on a
shaft) with a pawl at the end engages the teeth of the bar and lifts it by as
many units as are represented by the marking of the key. Another pawl is
arranged to maintain the raised bar in its set position until subsequent depres-
sions of a key raise it further. It is evident from this description that only as
many digits could be added with this machine as were provided on the bar—
to accumulate a sum of up to one hundred, the bar would have to be almost
a meter long.

Schilt (1851)

This adding machine, with keyboard setting, was displayed in London in
1851. Details are lacking.**

42. The editors believe that it never even reached the experimental stage. All illustrations of
Parmelee’s machine appear to be simple copies of the illustration used in his patent
application.

43. The Schilt machine is now in the National Museum of American History. Smithsonian
Institution, Washington D.C.
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Figure 33

Hill (1857)

Hill’s machine, as illustrated in figure 33, shows considerably more similarity
with our modern keyboard adding machines than either Parmelee’s or Schilt’s
device, yet it never advanced beyond the experimental stage. The model il-
lustrated may be found in the National Museum in Washington.* The indi-
vidual digit wheels have the digits 0 to 9 inscribed around them seven times.
These digit wheels are moved by a gear which, in turn, is driven around by
the action of depressing a key on the keyboard. There are no overthrow locks.
The tens-carry mechanism is similar to that of Pascal’s machine.

Arzberger (1866)

This is an adding machine with only two keys for the digits | and 3. This
machine was only intended for the addition of individual columns.

Samostchoty (1867)

This machine was designed by Bouniakovsky. It is an adding machine of the
same type as Pascal’s.

Webb (1868)

Designed by C. H. Webb, it consists of two rotatable circular disks, one for
the numbers up to a hundred, the other one for thousands. The apparatus has
automatic tens-carry.

44 Now the National Museum of American History. Smithsonian Institution. Washington
D.C.
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Chapin (1870)

A nine-key machine for adding single columns of numbers. The machine
never went beyond the experimental stage.

Robjohn (1872)

A nine-key adding machine with three result windows. On the exterior it
resembles the Gab-Ka machine, and likewise. serves for the addition of col-
umns of single-digit numbers.

Barbour (1872)

This machine deserves attention because it represents the first attempt to de-
sign a calculating machine that prints. It was an eight-place machine. The
setting of a value occurred by withdrawing a slide, whose interior portion was
provided with sets of one to nine teeth. The exterior portion of the slide was
inscribed with digits corresponding to the number of teeth that were engaged
inside the machine. In a way, these sets of one to nine teeth form a kind of
multiplication mechanism such as we will find much later in Boilee’s ma-
chine, in the Millionaire machine, and similar devices. To the right of the
setting slides there is a scale inscribed with the digits O to 9, above which a
lever may be moved.

If a number or amount has been set up with the aid of the slides and one
wishes to multiply, the lever is moved to that digit of the scale which is to be
the multiplier. This establishes a connection between the calculating mecha-
nisms and the teeth on the slides and turns the result wheels an amount pro-

Figure 34
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portional to the number of teeth currently engaged. Each place requires two
result wheels, each of which contains an additive and subtractive circle of
digits, one for viewing through the result window and the other for the print-
ing mechanism. Only sums and subtotals can be printed. A piece of paper is
placed upon alid, the lid is hinged so that it may be raised, the printing wheels
inked, and the lid is pressed down to provide the impression. The design of
the machine was later improved by Ramon Verea, but only a few examples
were built. In the United States it is regarded as the first complete machine
of this type. It could perhaps be regarded as a forerunner of Bollée’s design.

Beiringer and Hebatanz (1873)

This is a keyboard adding machine with clock mechanism drive. Details are
lacking.

The Original Odhner (1874)

There is a difference between the Original Odhner and the Odhner machine.
The Original Odhner was made by Willgodt T. Odhner of St. Petersburg, or
his present legal successor. The term Odhner machine covers all those ma-
chines that have the same design as the Original Odhner; in other words,
which are imitations of the same although they were originally manufactured
on the basis of purchased patents. Several years ago the factory in St. Peters-
burg wrote the following about Odhner himself:

Swedish by birth, and related to his great countryman John Ericson—the famous
builder of the first modern steamboat—he left his home in Varmland at the age of
twelve and went 1o Stockholm. originally with the intention of becoming a merchant.
Even at that time his mind was set on technical matters and soon he recognized his
true calling. He thus left the counter and entered a machine factory where he worked
for several years gaining practical experience. He also prepared himself, by diligent
study, for entry into the technical college. Having completed a three-year course, he
obtained employment in the St. Petersburg plant of the Swedish industrial tycoon
Nobel (the founder of the well-known Nobel prize),* but was later appointed to man-
age the Imperial Russian Workshops. Here he distinguished himself by the invention
of a series of important improvements in such a way that, after only three years of
service, he was honored by bestowal of the great golden medal.

45, In fact. the factory was owned by Ludvig Nobel, Alfred’s brother. Ernst Martin ob-
viously misunderstood the original reference to ‘‘thc Nobel family.”
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Figure 35
The model of 1874. handmade by the inventor himself

Odhner died on {5 September 1905. The invention of his calculating ma-
chine dates back to the year 1874. and our figure 35 shows the machine as it
appeared at that time (which was already rather similar to the later Original
Odhner machine). The setting wheels were shifted by small setting levers.
which are scarcely visible in figure 35, in such a way that the digits to be set
appeared in the upper row of windows. The lower row of windows belongs
to the result mechanism of the carriage that was cleared, that is, was set to
zero, by means of the winged screw. In this model the revolution counter
mechanism has the form of six small cylindrical buttons with window open-
ings on their surfaces. Zero setting of these revolution cylinders occurs by
turning them to the right. Figure 36, which represents an 1876 model, shows
the two characteristic arrows (which we find in all Odhner machines) near the
crank that indicate the rotational directions for addition/multiplication and
subtractionldivision. This model is of better workmanship and the German
patent specification 7393, of 1878,is based on these two models (the German
Patent Office did not commence functioning until 1877). The patent specifi-
cation was not issued in the name of Odhner but in the name of Koenigsberger
and Co. of St. Petersburg. because Odhner himself engaged in the manufac-
ture of the machine in Petershurg and for this reason ceded the German man-
ufacturing rights to the above mentioned company. This company, however,
did not go into production and later sold their rights to Grimme, Natalis and
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Figure 36

Co. of Braunschweig. who have very successfully distributed the machine,
under the name of Brunsviga, all over the globe. The large-scale manufacture
of the Original Odhner did not commence until 1886 when the W. T. Odhner
factory, St. Petersburg. Tarakanoffski Per. No. 4, was specially built for this
purpose. The machine had some distribution in Russia and sold well in the
Nordic countries. At different times the firm kept representatives in England.
the Netherlands. Belgium, France, and Italy, whereas the Original Odhner
could not be marketed in Germany for a long time on account of the patents
that had been sold. After these patents had expired, however, the Odhner firm
took up selling the machine in Germany and Austria, .but was not able to
compete, with any considerable success, with the well-established Brunsviga.

The machine illustrated in figure 36 became best known in Germany. It is
the same in both exterior appearance and interior mechanism as the Odhner
machine described in the Introduction under the heading The Pinwheel Ma-
chine. It was manufactured in three sizes; namely, (1) thirteen places in the
result mechanism, (2) fifteen places in the result mechanism, and (3) eighteen
places in the result mechanism.

Machines (1) and (2) have eight places and (3) has ten places in the revo-
lution counter mechanism. Several models appeared on the market under
names such as VKD, G. HK, or VK. with almost no differences from one
model to the next. For instance. the VK model possessed two extra keys, the
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Figure 37
Model 8.

right one moving the carriage stepwise to the right, and the left one moving
the carriage stepwisc to the left, with a lever mounted beneath the keys per-
mitting one to move the carriage in both directions.

During the late revolution the factory in St. Petersburg became the property
of the state, the equipment was moved to Moscow, and soon the manufacture
was entirely discontinued. However, Odhner's legal successors, namely his
two sons Alexander and George Odhner and his nephew, Valentine Odhner,
went to Sweden where they founded the Aktiebolaget Original Odhner in
Goteborg and resumed the manufacture of the Original Odhner machine. To-
day they manufacture the following models:

Model 7: 20 by [5 cm. weight 4.5 kg, ten setting levers, thirteen places in
the result mechanism, eight places in the revolution counter.

Model 6: identical with model 7 but possesses an improved zero-setting
device.

Model 8: has the same size and capacity of model 7, but possesses tens-carry
in the revolution counter register, hence operates without red digits. The tens-
carry neither increases weight nor volume of the machines.

Model 14: shows special setting control windows.

Model 19: has ten setting levers. nineteen places in the result mechanism,
ten places in the revolution counter. It weighs 5.5 kg, and its dimensions arc
25 by 15cm. It is especially suited for banks, insurance companies, a